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ABSTRACT

Ferrite nanoparticles have emerged as promising candidates for a myriad of biomedical applications owing to their
unique magnetic properties, biocompatibility, and tunable surface chemistry. This paper reviews recent
advancements and explores the potential perspectives in the biomedical utilization of ferrite nanoparticles. It
examines their role in various applications such as hyperthermia cancer treatment, magnetic resonance imaging
(MRI), magnetic drug targeting, and biosensing. The paper discusses key challenges, including biocompatibility,
nanoparticle stability, and targeting efficiency, and proposes future research directions to enhance the efficacy and
safety of ferrite nanoparticles in biomedical applications.

Keywords: Ferrite nanoparticles, biomedical applications, hyperthermia, magnetic resonance imaging, drug
targeting, biosensing.

I. INTRODUCTION

In recent years, ferrite nanoparticles have garnered significant attention in biomedical research due to their unique
magnetic properties and biocompatibility. These nanoparticles exhibit versatile functionalities that make them
attractive for a wide range of biomedical applications, including cancer therapy, diagnostic imaging, drug delivery,
and biosensing. This paper provides an overview of the recent advances and explores the potential perspectives in
the biomedical applications of ferrite nanoparticles [1,2].

Nanotechnology has revolutionized the landscape of biomedical research and clinical practice by offering
innovative solutions for disease diagnosis, treatment, and monitoring. Among the plethora of nanomaterials
investigated for biomedical applications, ferrite nanoparticles have emerged as versatile candidates due to their
unique magnetic properties, biocompatibility, and tunable surface chemistry. Ferrite nanoparticles, typically
composed of iron oxides (e.g., magnetite, maghemite) combined with other metallic elements, exhibit exceptional
magnetic behaviour that enables manipulation and control under external magnetic fields. Their nanoscale
dimensions and large surface-to-volume ratio render them ideal platforms for multifunctional biomedical
applications [3,4].

The integration of ferrite nanoparticles into biomedical technologies offers unprecedented opportunities to
address key challenges in disease management, including cancer therapy, diagnostic imaging, drug delivery, and
biosensing. Ferrite nanoparticles possess inherent properties that make them attractive for various biomedical
applications:

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
and reproduction in any medium for non-commercial use provided the original author and source are credited.
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. Magnetic Responsiveness: The magnetic properties of ferrite nanoparticles enable remote manipulation
and control through external magnetic fields, facilitating targeted delivery of therapeutic agents,
hyperthermia treatment, and magnetic resonance imaging (MRI) contrast enhancement [5].

. Biocompatibility: Ferrite nanoparticles are biologically inert and exhibit minimal cytotoxicity when
properly functionalized and administered in controlled doses, making them suitable for in vivo applications
in biological systems [6].

. Surface Functionalization: The surface chemistry of ferrite nanoparticles can be tailored through surface
modification techniques, allowing for the conjugation of targeting ligands, therapeutic drugs, imaging
agents, and biomolecules for specific biomedical applications [7].

The versatility of ferrite nanoparticles in biomedical research is exemplified by their diverse applications across

different domains:

. In hyperthermia cancer treatment, ferrite nanoparticles serve as efficient heating agents capable of
inducing localized tumour hyperthermia under the influence of alternating magnetic fields. This non-
invasive therapeutic approach selectively targets cancer cells while sparing healthy tissues, offering a
promising strategy for cancer therapy [8,9].

. As contrast agents in magnetic resonance imaging (MRI), functionalized ferrite nanoparticles enhance the
sensitivity and resolution of diagnostic imaging by selectively accumulating in diseased tissues and
providing distinct contrast signals. This enables early detection, accurate localization, and characterization
of pathological conditions, facilitating timely intervention and treatment planning [8,9].

. In magnetic drug targeting, ferrite nanoparticles serve as carriers for therapeutic agents, enabling site-
specific drug delivery to diseased tissues through the application of external magnetic fields. This targeted
delivery approach minimizes systemic side effects and enhances therapeutic efficacy, particularly in the
treatment of localized diseases such as cancer and inflammatory disorders [10].

. For biosensing and diagnostics, functionalized ferrite nanoparticles enable sensitive and specific
detection of disease biomarkers, pathogens, and genetic sequences in biological samples. Integrated with
microfluidic platforms and biosensor devices, ferrite nanoparticles offer rapid, portable, and cost-effective
diagnostic solutions for a wide range of diseases, including infectious diseases, cancer, and
neurodegenerative disorders [11].

Despite the tremendous potential of ferrite nanoparticles in biomedical applications, several challenges remain to be
addressed, including concerns related to biocompatibility, nanoparticle stability, tissue penetration, and targeting
efficiency. Moreover, the translation of ferrite-based technologies from bench to bedside necessitates rigorous
preclinical evaluation, optimization of formulation parameters, and validation of safety and efficacy profiles. In this
context, this paper aims to provide a comprehensive overview of the recent advances and potential perspectives in
the biomedical utilization of ferrite nanoparticles. By critically examining the current state-of-the-art, identifying
key challenges, and proposing future research directions, this review seeks to catalyse interdisciplinary
collaborations and innovation in the development of ferrite-based biomedical technologies.

Through systematic investigation and integration of ferrite nanoparticles into biomedical research and clinical

practice, we envision a future where these multifunctional nanomaterials contribute to transformative advances in

disease diagnosis, treatment, and personalized medicine. This expanded introduction sets the stage for a

comprehensive exploration of the biomedical applications of ferrite nanoparticles, highlighting their potential to

address unmet clinical needs and revolutionize the landscape of modern medicine.

1. Hyperthermia Cancer Treatment [12,13]

Ferrite nanoparticles have shown promise as heating agents in hyperthermia cancer treatment, a therapeutic
modality that involves raising the temperature of tumor tissues to induce cell death. The magnetic properties of
ferrite nanoparticles enable efficient conversion of external alternating magnetic fields into heat, leading to localized
hyperthermia within the tumor tissue. Recent studies have demonstrated the effectiveness of ferrite-based
hyperthermia in selectively destroying cancer cells while minimizing damage to healthy tissues.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9 G
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2. Magnetic Resonance Imaging (MRI) [14,15]

Ferrite nanoparticles serve as contrast agents in magnetic resonance imaging (MRI) by enhancing the visibility of
tissues and organs in diagnostic imaging. Surface-functionalized ferrite nanoparticles offer improved
biocompatibility and targeted imaging capabilities, enabling high-resolution imaging of specific molecular targets
and disease biomarkers. Moreover, the tunable magnetic properties of ferrite nanoparticles allow for the
development of multimodal imaging agents for simultaneous MRI and other imaging modalities.

3. Magnetic Drug Targeting [14,15]

One of the most promising applications of ferrite nanoparticles in biomedicine is magnetic drug targeting, which
involves the localized delivery of therapeutic agents to diseased tissues under the influence of an external magnetic
field. Functionalized ferrite nanoparticles can serve as carriers for various drugs, genes, or therapeutic molecules,
facilitating site-specific drug delivery and minimizing systemic side effects. The use of magnetic targeting enhances
drug accumulation at the target site, improving therapeutic efficacy and reducing dosage requirements.

4. Biosensing and Diagnostics

Ferrite nanoparticles exhibit unique magnetic and optical properties that make them suitable for biosensing and
diagnostic applications. Functionalized nanoparticles can selectively bind to specific biomolecules, enabling
sensitive detection and quantification of disease markers, pathogens, or genetic sequences. Integration of ferrite
nanoparticles with microfluidic platforms and biosensor devices offers rapid and cost-effective diagnostic solutions
for various diseases, including infectious diseases, cancer, and cardiovascular disorders.

5. Challenges and Future Directions

Despite significant progress, several challenges need to be addressed to fully exploit the potential of ferrite
nanoparticles in biomedical applications. These include concerns related to biocompatibility, nanoparticle stability,
tissue penetration, and targeting efficiency. Future research efforts should focus on optimizing nanoparticle design,
surface functionalization strategies, and targeting methodologies to enhance the efficacy and safety of ferrite-based
biomedical technologies [13-15].

II. CONCLUSION

In conclusion, ferrite nanoparticles hold great promise for a wide range of biomedical applications, including cancer
therapy, diagnostic imaging, drug delivery, and biosensing. Recent advancements have demonstrated their potential
to revolutionize the field of biomedicine by offering targeted and personalized treatment options. By addressing
existing challenges and exploring new research avenues, ferrite nanoparticles are poised to play a pivotal role in
shaping the future of biomedical technology.
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ABSTRACT

Ferrites, a class of magnetic materials, have garnered significant attention due to their versatile applications across
various fields. This paper provides a comprehensive review of the applications and important properties of
ferrites. It discusses their utilization in industries such as electronics, telecommunications, medicine, and
more. Additionally, the paper explores the intrinsic properties of ferrites including magnetic, electrical, and
structural characteristics, shedding light on their significance in different applications. Various synthesis methods
and advancements in ferrite technology are also examined to understand their impact on enhancing material
properties and expanding applications. Through this review, a deeper understanding of ferrites and their role in
modern technology is elucidated.

Keywords: Ferrites, SEM, TEM, XRD, VSM, MRI and Magnetic properties.

I. INTRODUCTION

Ferrites, a class of ceramic materials consisting primarily of iron oxide (Fe304 or Fe203) combined with oxides of
other metallic elements such as cobalt, nickel, zinc, or manganese, have emerged as key components in modern
technology due to their unique magnetic and electrical properties. These materials exhibit a wide range of
applications spanning across various industries, including electronics, telecommunications, medicine, and
environmental remediation. The remarkable magnetic properties of ferrites, coupled with their relatively low cost
and ease of fabrication, make them indispensable in magnetic recording media, such as magnetic tapes and hard
disks used for data storage. In telecommunications, ferrite components play a crucial role in signal processing and
communication devices, including antennas, isolators, circulators, and filters. Ferrites also find extensive use in
power electronics, where they are employed as cores in transformers, inductors, and chokes for power conversion
and conditioning applications. [1-3]

Beyond traditional applications, ferrites have garnered significant interest in emerging fields such as biomedicine
and environmental science. Ferrite nanoparticles, due to their biocompatibility and magnetic properties, hold
promise in drug delivery systems, hyperthermia therapy for cancer treatment, and contrast agents for magnetic
resonance imaging (MRI). Moreover, ferrite-based materials are being investigated for environmental remediation
purposes, including wastewater treatment, heavy metal removal, and pollution control, owing to their adsorption
and catalytic properties. The study and advancement of ferrite materials have been facilitated by developments in
synthesis techniques, characterization methods, and theoretical modelling. Researchers continue to explore novel
synthesis routes, such as sol-gel, hydrothermal, and microwave-assisted methods, to tailor the properties of ferrite
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materials for specific applications. Characterization techniques, including X-ray diffraction (XRD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), and vibrating sample magnetometry (VSM),
provide insights into the structural, magnetic, and electrical properties of ferrites, enabling the optimization of
material performance. Despite their widespread use and versatility, challenges persist in the field of ferrite research.
These include enhancing material properties, improving synthesis efficiency and scalability, understanding the
fundamental mechanisms governing magnetic and electrical behavior, and exploring new avenues for application
development. [2-4]

In this review paper, we aim to provide a comprehensive overview of the applications and important properties of
ferrites, encompassing their role in various industries, intrinsic characteristics, synthesis methods, recent advances,
and prospects. Through this examination, we seek to elucidate the significance of ferrites in modern technology and
inspire further research and innovation in this field. [5,6]

II. OVERVIEW OF FERRITES

Ferrites are a class of ceramic materials characterized by their unique combination of ferric oxide (Fe203) or
ferrous oxide (Fe304) with oxides of other metallic elements, such as cobalt (Co), nickel (Ni), zinc (Zn), or
manganese (Mn). These compounds exhibit ferrimagnetic behavior, wherein the magnetic moments of the
constituent ions align in a non-collinear arrangement, resulting in a net magnetization even in the absence of an
external magnetic field. [5-8]

A. Crystal Structure:

Ferrites typically crystallize in a spinel structure, where oxygen ions form a face-cantered cubic (FCC) lattice, with
metal cations occupying both tetrahedral (A) and octahedral (B) sites within the lattice. In spinel ferrites, the A sites
are predominantly occupied by divalent ions (e.g., Zn"2+, Ni*2+, Co”2+), while the B sites are primarily occupied
by trivalent ions (e.g., Fe”3+). This crystal structure imparts unique magnetic and electrical properties to ferrites,
making them suitable for a wide range of applications.

B. Classification: Ferrites can be classified based on the nature of the metallic elements incorporated into their
structure. Common types of ferrites include:

1. Soft Ferrites: These ferrites exhibit low coercivity and high permeability, making them suitable for
applications requiring easy magnetization and demagnetization, such as inductors and transformers.

2. Hard Ferrites: Conversely, hard ferrites possess high coercivity and high remanence, making them ideal for
permanent magnet applications, including refrigerator magnets, magnetic separators, and loudspeakers.

3. Mixed Ferrites: Mixed ferrites are tailored compositions that offer a balance between soft and hard
magnetic properties, catering to specific application requirements.

C. Magnetic Domains:

In ferrites, magnetic domains play a crucial role in determining their magnetic behavior. At the microscopic level,
domains are regions within the material where magnetic moments align in a uniform direction. The manipulation of
domain structure through external magnetic fields or temperature variations can significantly influence the magnetic
properties of ferrites, making them versatile for use in various devices.

D. Applications: The unique magnetic and electrical properties of ferrites render them indispensable in a
myriad of applications across different industries. Some common applications include:

1. Electronics: Ferrites are widely used in electronic components such as inductors, transformers, and
magnetic cores for RF interference suppression and signal filtering.

2. Telecommunications: Ferrite materials serve as essential components in microwave devices, antennas,
isolators, circulators, and phase shifters for signal processing and communication systems.

3. Power Electronics: Ferrite cores find extensive use in power converters, inverters, and switching power
supplies, due to their high magnetic permeability and low core losses.

4. Biomedicine: Ferrite nanoparticles hold promise in biomedical applications, including drug delivery

systems, hyperthermia therapy for cancer treatment, and contrast agents for MRI imaging.
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5. Environmental Remediation: Ferrite-based materials are employed for wastewater treatment, heavy metal
removal, and environmental remediation due to their adsorption and catalytic properties.

In summary, ferrites represent a class of materials with diverse properties and applications, spanning across

electronics, telecommunications, medicine, and environmental science. Their unique magnetic and electrical

characteristics, coupled with advancements in synthesis techniques and material engineering, continue to drive
innovation and expand their utility in modern technology.

E. Applications of Ferrites:

Ferrites, owing to their unique magnetic, electrical, and structural properties, find extensive applications across

various industries. The versatility of ferrite materials makes them indispensable in a wide range of devices and

systems. Below are detailed discussions on some of the key applications of ferrites:[9-12]

1. Magnetic Recording Media: Ferrites are widely used in magnetic recording media, such as magnetic tapes
and hard disks, for data storage purposes. These materials serve as the magnetic medium onto which digital
information is recorded and retrieved. Ferrite-based recording media offer advantages such as high
coercivity, good thermal stability, and resistance to demagnetization, ensuring reliable data storage and
retrieval in electronic devices.

2. Telecommunications: Ferrite materials play a crucial role in telecommunications systems and
devices.Ferrite components, including antennas, isolators, circulators, and filters, are utilized for
signal processing, frequency control, and noise suppression in communication networks. Ferrite-based
devices enable the efficient transmission and reception of electromagnetic signals in microwave and radio
frequency (RF) communication systems, contributing to the reliability and performance of wireless
communication technologies.

3. Power Electronics: In power electronics, ferrite materials are widely employed as magnetic cores in
inductors, transformers, and chokes. These components are essential for power conversion, voltage
regulation, and noise filtering in electronic circuits and power supplies. Ferrite cores offer advantages such
as high magnetic permeability, low core losses, and compact size, making them well-suited for applications
requiring efficient energy transfer and conversion.

4, Biomedical Applications: Ferrite nanoparticles have garnered significant interest in biomedical
applications due to their biocompatibility, tunable magnetic properties, and potential for controlled drug
delivery and imaging. Ferrite-based nanomaterials are investigated for targeted drug delivery systems,
hyperthermia therapy for cancer treatment, and contrast agents for magnetic resonance imaging (MRI). The
magnetic properties of ferrite nanoparticles enable their precise manipulation and targeting within
biological systems, facilitating targeted drug delivery and imaging modalities with improved specificity and
efficacy.

5. Environmental Remediation: Ferrite-based materials are utilized for environmental remediation
purposes, including wastewater treatment, heavy metal removal, and pollution control. Ferrite nanoparticles
and bulk ferrite materials exhibit adsorption and catalytic properties, making them effective for the removal
of contaminants from water and soil. Ferrite-based adsorbents and catalysts are employed for the removal
of heavy metals, organic pollutants, and industrial effluents, contributing to environmental
sustainability and pollution mitigation efforts.

6. Microwave Devices: Ferrite materials are extensively used in microwave devices and components for
various applications, including radar systems, microwave ovens, and satellite communications. Ferrite-
based devices such as phase shifters, circulators, and isolators enable the manipulation and control of
microwave signals, facilitating the transmission, reception, and processing of electromagnetic waves in
microwave communication and radar systems.

Ferrites play a vital role in diverse applications spanning across electronics, telecommunications, medicine, and

environmental science. Their unique properties make them indispensable for data storage, signal processing, power

conversion, biomedical imaging, environmental remediation, and microwave communication, among others.
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Continued research and innovation in ferrite materials and devices are expected to further expand their applications
and contribute to technological advancements in various fields.

III. IMPORTANT PROPERTIES OF FERRITES

Ferrites possess a diverse range of important properties that make them suitable for various applications across
different industries. These properties include magnetic, electrical, and structural characteristics, each of which
contributes to the performance and functionality of ferrite materials. Below is a detailed explanation of the key
properties of ferrites:[13-15]

A

1.

Magnetic Properties:

Saturation Magnetization: Saturation magnetization refers to the maximum magnetic moment per unit
volume that a material can attain when all its magnetic moments are aligned in the same direction. In
ferrites, saturation magnetization depends on factors such as composition, crystal structure, and domain
configuration. Higher saturation magnetization values indicate greater magnetic strength and are desirable
for applications requiring strong magnetic fields, such as in permanent magnets and magnetic recording
media.

Coercivity: Coercivity, also known as magnetic hardness, is the measure of a material's resistance to
demagnetization. It represents the strength of an external magnetic field required to reduce the
magnetization of the material to zero. Ferrites typically exhibit high coercivity, making them suitable for
applications where stable magnetization is essential, such as in permanent magnets and magnetic storage
devices.

Magnetic Anisotropy: Magnetic anisotropy refers to the directional dependence of magnetic properties in a
material. In ferrites, magnetic anisotropy arises from factors such as crystal structure, grain orientation, and
magnetic domain configuration. Control over magnetic anisotropy allows for the manipulation of magnetic
properties, enabling the design of ferrite materials with tailored magnetic characteristics for specific
applications.

Electrical Properties:

Dielectric Constant: The dielectric constant, also known as relative permittivity, is a measure of a
material's ability to store electrical energy under an applied electric field. Ferrites typically exhibit low
dielectric constants, making them suitable for applications requiring low-loss electrical insulation, such as
in magnetic cores for transformers and inductors.

Resistivity: Resistivity refers to the material's opposition to the flow of electrical current. Ferrites typically
possess high resistivity, which is desirable for applications requiring electrical insulation and reduced eddy
current losses, such as in magnetic cores for high-frequency transformers and inductors.

Conductivity:  The  conductivity  of ferrites is relatively low compared to metals and
semiconductors.Ferrites are electrical insulators, with resistivity values several orders of magnitude higher
than metals and semiconductors. This property is advantageous for applications requiring electrical
insulation and electromagnetic interference (EMI) shielding.

Structural Properties:

Crystallinity: Crystallinity refers to the degree of order in the atomic arrangement within a material's
crystal lattice. Ferrites typically exhibit a crystalline structure, with well-defined crystallographic planes and
grain boundaries. Crystallinity influences the material's magnetic and electrical properties, as well as its
mechanical strength and stability.

Grain Size: Grain size refers to the size of individual crystal grains within a polycrystalline material. In
ferrites, grain size affects magnetic domain formation, magnetic anisotropy, and magnetic hysteresis
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behavior. Control over grain size allows for the optimization of magnetic properties and performance in
ferrite materials.

3. Porosity: Porosity refers to the presence of void spaces or pores within a material's structure. In ferrites,
porosity can affect properties such as density, mechanical strength, and permeability. Control over porosity
is essential for tailoring material properties and ensuring uniformity and reliability in ferrite-based devices
and components.

Understanding and controlling these important properties of ferrites are crucial for optimizing material performance

and designing customized solutions for specific applications. Advances in synthesis techniques, characterization

methods, and material engineering continue to expand the capabilities and utility of ferrite materials

across diverse industries.

IV.SYNTHESIS METHODS AND ADVANCES

The synthesis of ferrite materials involves the preparation of ceramic compounds consisting primarily of iron oxide
(Fe203 or Fe304) combined with oxides of other metallic elements, such as cobalt (Co), nickel (Ni), zinc (Zn), or
manganese (Mn). Various synthesis methods have been developed to tailor the composition, structure, and
properties of ferrite materials for specific applications. Advances in synthesis techniques continue to drive
innovation and expand the range of available ferrite compositions and morphologies. Below are detailed
explanations of common synthesis methods and recent advances in ferrite synthesis:[8,16-18]

A Solid-State Reaction:

Solid-state reaction, also known as ceramic or conventional synthesis, involves the high-temperature reaction
between precursor oxides or carbonates to form the desired ferrite phase. The precursor powders are mixed, ground,
and calcined at elevated temperatures (typically above 1000°C) to promote chemical reactions and phase formation.
Solid-state reaction is a widely used method for synthesizing bulk ferrite materials with controlled stoichiometry
and phase purity. However, it often requires long processing times and high temperatures, leading to grain growth
and phase segregation in some cases.

B. Co-Precipitation:

Co-precipitation involves the simultaneous precipitation of metal cations from solution, followed by their
conversion into ferrite nanoparticles through hydrothermal or calcination treatments. Co-precipitation offers
advantages such as fine particle size control, narrow size distribution, and compositional homogeneity. It allows for
the synthesis of nanoscale ferrite powders with tailored magnetic and structural properties for applications such as
magnetic recording media, biomedical imaging, and environmental remediation.

C. Sol-Gel Method:

The sol-gel method involves the hydrolysis and polycondensation of metal alkoxides or metal salts to form a sol,
followed by gelation and thermal treatment to obtain the desired ferrite phase. Sol-gel synthesis offers advantages
such as precise control over composition, morphology, and particle size distribution. It enables the preparation of
homogeneous and porous ferrite materials with enhanced surface area and reactivity for applications such as gas
sensing, catalysis, and photocatalysis.

D. Hydrothermal Synthesis:

Hydrothermal synthesis involves the reaction of precursor solutions or suspensions under elevated temperature and
pressure conditions within a sealed reactor vessel. Hydrothermal synthesis allows for the preparation of ferrite
nanoparticles with controlled size, shape, and crystallinity. It offers advantages such as uniform particle size
distribution, high purity, and crystalline phase control. Hydrothermal synthesis is widely used for preparing
nanoscale ferrite materials for applications in biomedicine, electronics, and energy storage.

E. Microwave-Assisted Synthesis:

Microwave-assisted synthesis involves the application of microwave radiation to facilitate the synthesis of ferrite
materials. Microwave heating offers advantages such as rapid heating, uniform temperature distribution, and energy
efficiency. It enables the synthesis of ferrite nanoparticles with enhanced crystallinity, purity, and phase control.
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Microwave-assisted synthesis is gaining popularity for its ability to accelerate reaction kinetics and reduce
processing times, making it suitable for large-scale production of ferrite materials for industrial applications.

Recent advances in ferrite synthesis techniques focus on enhancing material properties, improving process
efficiency, and expanding the range of available compositions and morphologies. These advances include the
development of novel precursor materials, optimization of reaction conditions, and integration of advanced
characterization techniques to elucidate the structure-property relationships in ferrite materials. Continued research
and innovation in ferrite synthesis are expected to further advance the capabilities and applications of these versatile
materials across diverse fields.

V. FUTURE DIRECTIONS AND CHALLENGES

As research on ferrite materials continues to advance, several future directions and challenges emerge, shaping the
trajectory of the field and guiding the focus of ongoing investigations. Understanding these aspects is crucial for
driving innovation, addressing technological needs, and overcoming barriers to further progress. Below are detailed
discussions on future directions and challenges in the field of ferrite materials:[10,19-22]

A Enhanced Material Performance:

Future research efforts will likely focus on enhancing the performance of ferrite materials by tailoring their
magnetic, electrical, and structural properties to meet the demands of emerging applications. This includes
optimizing magnetic saturation, coercivity, electrical conductivity, and structural stability through advanced
synthesis techniques, material engineering, and theoretical modeling. Achieving improved material
performance will unlock new opportunities for ferrite-based devices and systems in areas such as
telecommunications, power electronics, biomedicine, and environmental remediation.

B. Development of Novel Synthesis Techniques:

Advancements in synthesis techniques will play a crucial role in overcoming existing limitations and expanding the
range of available ferrite compositions, morphologies, and functionalities. Future research efforts may focus on
developing novel synthesis methods that offer improved efficiency, scalability, and control over material properties.
This includes exploring techniques such as sonochemical synthesis, electrospinning, and atomic layer deposition to
fabricate ferrite materials with tailored properties and performance characteristics.

C. Integration of Multifunctionalities:

Future directions in ferrite research may involve the integration of multifunctionalities into ferrite materials,
enabling them to simultaneously exhibit magnetic, electrical, optical, and catalytic properties. This involves the
design and synthesis of composite and hybrid materials, such as ferrite-based nanocomposites, core-shell structures,
and heterostructures, with synergistic functionalities for advanced applications. The integration of
multifunctionalities will pave the way for the development of next-generation devices and systems with
enhanced performance, versatility, and functionality.

D. Exploration of Emerging Applications:

Ferrite materials hold promise for a wide range of emerging applications in areas such as spintronics, magnetics,
guantum computing, and energy harvesting. Future research efforts will likely focus on exploring these emerging
applications and uncovering the unique properties and phenomena exhibited by ferrite materials at the nanoscale
and in extreme conditions. This includes investigating spintronic devices based on ferrite thin films, manganic
crystals for information processing, and ferrite-based nanogenerators for energy harvesting.

E. Addressing Environmental and Health Concerns:

As the utilization of ferrite materials expands, there is a growing need to address environmental and health concerns
associated with their production, use, and disposal. Future research efforts may focus on developing sustainable
synthesis methods, recycling strategies, and biocompatible formulations to minimize the environmental impact and
ensure the safe handling and disposal of ferrite materials. This includes investigating the toxicity, biodegradability,
and long-term effects of ferrite nanoparticles in biological and environmental systems.
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F. Synthesis Complexity:

Achieving precise control over the composition, morphology, and properties of ferrite materials remains a challenge
due to the complex interplay of synthesis parameters and reaction kinetics. Scalability: Scaling up the synthesis of
ferrite materials to industrial levels while maintaining uniformity, reproducibility, and cost- effectiveness poses
significant challenges in terms of equipment, energy consumption, and process optimization.

G. Characterization Techniques:

The characterization of ferrite materials at the nanoscale and under extreme conditions requires advanced analytical
techniques and instrumentation, which may be inaccessible or limited in their capabilities.

H. Standardization and Regulation:

The lack of standardized protocols and regulatory frameworks for ferrite materials hinders their widespread
adoption and commercialization, particularly in sensitive applications such as biomedicine and environmental
remediation.

Addressing these challenges will require collaborative efforts from researchers, industry stakeholders, and
regulatory agencies to advance ferrite research, develop innovative solutions, and ensure the responsible use and
application of these versatile materials. By overcoming these challenges and pursuing future directions in ferrite
research, the field will continue to evolve, driving technological advancements and addressing societal needs in
diverse areas of science and technology.[23]

VI.CONCLUSION
The conclusion summarizes the key findings of the review and emphasizes the importance of ferrites in modern
technology. It underscores the need for continued research and innovation to unlock the full potential of ferrite

materials.
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ABSTRACT

Experimental technique for the measurement of wavelength, ultrasonic velocity of liquids with working principle
of ultrasonic interferometer have been discussed. The acoustic and physical parameters are calculated by using the
velocity, density and viscosity with low frequency range. The experimental values can be verified by using the
various theoretical relations with excess parameters. These parameters are used to explain the molecular
interactions. The ultrasonic interferometer used is easy to handle and high degree of accuracy.

Keywords: Ultrasonic Interferometer, Acoustic Parameters, Ultrasonic Velocity.

I. INTRODUCTION

The ultrasonic Interferometer is used to determine the acoustic parameters. The binary mixture of polar liquid with
non-polar liquid has been used to study the physical, acoustic parameters gives the inter and intra molecular
interactions, Structural and physiochemical behaviour.

The reasons to study the parameters —

+  Combination of polar non polar mixture gives the new type of phase equilibrium.

» It provides the physical forces acting between the molecules.

* It helps in obtaining the depth knowledge about molecular interactions.

e during the last two decades it has much importance in accessing the molecular interactions and
investigating the physio-chemical behaviour of such system [1,2].

« Ultrasonic investigation of liquid mixtures find applications in several industrial and technological processes
[3-5].

»  The measurement of ultrasonic velocity and related parameters derived used in understanding the nature

« of intermolecular interactions in liquid mixtures [6,7].

II. METHODS AND MATERIAL

An ultrasonic interferometer is a simple and direct device to determine the ultrasonic velocity in liquids with a high
degree of accuracy.
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The principle is used in the measurement of velocity (V) is based on the accurate determination of the wavelength
(A) in the medium. Ultrasonic waves of known frequency (f) are produced by quartz crystal fixed at the bottom of
the cell.

These waves are reflected by movable metallic plate kept parallel to the quartz crystal. If separation between these
two plates is exactly a whole multiple of the sound wavelength, standing waves are formed in the medium. The
acoustic resonance gives rise to an electrical reaction on the generator driving the quartz crystal and the anode
current of the generator becomes maximum.

If the distance is now increased or decreased and the variation is exactly one half wave length (A/2) or multiple of it,
anode current becomes maximum.

Then, velocity is obtained

Ultrasonic velocity (V) = Frequency(f) X wavelength(})

Description

Ultrasonic interferometer model: F-81D

Dual frequency 2 and 5 MHz facility for temperature variation. Mittal enterprises an iso 9001:2015 co.

Conastant Tem perature Raterbath

The Acoustical Parameters such as Adiabatic Compressibility (fad), Intermolecular Free Length (Lf), Acoustic
Impedance (Z) and Relative Association (RA) can be calculated by using following relations [8].

The Acoustical Parameters such as Adiabatic Compressibility (pad), Intermolecular Free Length (L),

Acoustic Impedance (Z) and Relative Association (RA) can be calculated by using following relations [§].
1
Baa = 37 ——==(1)

p and V are the density and ultrasonic velocity
Ly = K(Ba)'? —mr(2)
K is the temperature dependant constant K = 300 X 10-* at 303.16

Z=Vp -—----(3)
_ Ps [V 1/2
-2 e

po and p are the densities of solvent and solute.
Vo and Vs are the ultrasonic velocities of solvent and solute.
The excess values of adiabatic compressibility (8% )and Acoustic impedance (ZF)are

BE = B, — (X4Ba + XpBg) ——=(3)
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ZF = Zn — (XaZy + XpZp) ------(6)

Xand Xp are the mol fraction of respective liquids.
Z,. Zgand Z, are the acoustic impedance of respective liquids and mixtures respectively .
B4, Bg and PByare the adiabatic compressibility of respective liquids and mixtures respectively.

IILRESULTS AND DISCUSSION

Viscosity is an important transport property for process design in petroleum, petrochemical,
chemical and other chemical industries involving fluid transportation. Mixing agitation heat
exchange and concentration.

There are theoretical methods for the estimation of characteristic parameters of fluid mixtures
Nomoto’s relation, Jacobson’s free length theory (FLT), Schaffs’s collision factor theory (CFT),
Vandael’s ideal mixing relation, Junjie’s relation, Flory theory etc.

The various physical parameters are to be determined [9].

Free Volume (Vr): It explains the variations in the physiochemical properties of liquids and liquid
mixtures. The molecules of liquid are not quite closely packed and there are some free spaces
between the molecules of movement and volume is called free volume.

According to Eyring and Kincaid free volume has effective volume in which particular molecule of
liquid can move and over perfect gas[10].

Volume change (dV), Available volume, Relaxation time (7), Intemal pressure (/1;), Absorption

coefficient (,%)’ Wada’s constant (B) or molar compressibility, Rao’s constant or molar sound

velocity (R), Gibb’s free energy (AG), Optical refractive index (1), Soluation number (Sn), Mean
square thermodynamic fluctuations and excess parameters are calculated by using the relations[11].

IV.CONCLUSION

The acoustic and physical parameters are determined by measuring the value of density (€€), viscosity(€€) and
ultrasonic velocity (V). These measured values are estimated by using theoretical relations.

The scientific investigations in the field of ultrasonic velocity measurement are to be done by ultrasonic
interferometer.

The acoustic parameters and their excess values are highly affected in low frequency range 2MHz and 5 MHz, so
frequency plays a vital role in mixture of polar and non-polar liquids.
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ABSTRACT

Crystals of pure and transition metals Co and Ni co-doped L-asparagine monohydrate (LAM) were grown by
solution growth method from aqueous solution at constant temperature. Effect of dopants on optical and
structural properties has been studied. A slight variation in unit cell parameters has been observed for doped
crystal as compare to pure crystal. UV-visible spectroscopic study confirms the increase in transmission
percentage in the spectral range 200-800 nm of doped crystal. The energy band gap of pure and doped crystals
was determined using Tauc’s formula and found to be 5.05 and 4.95 eV for pure and doped crystals,
respectively. The lower cut off wavelengths of pure and doped crystals was found to be 227 and 229 nm,
respectively. The presence of the dopants in the doped crystals was qualitatively confirmed by FT-IR
spectroscopy and quantitatively by an EDAX analysis.

Keywords: Crystal growth, powder x-ray diffraction, energy dispersive x-ray spectroscopy, UV-

visible
Spectroscopy

I. INTRODUCTION

Organic materials have earned significant attention due to their interesting approach towards NLO
phenomenon. They show enormous fast and large nonlinear optical susceptibilities and high optical thresholds.
A conjugated - electron is responsible for the strong nonlinear optical (NLO) activities in organic crystals [1].
Amino acid is established an organic material exhibiting strong NLO activities. It contains proton donor
carboxylic (COOH) group and proton acceptor amino acid (NH2) group [1-3]. L-asparagine monohydrate (LAM)
is one of the amino acid that crystallizes in an orthorhombic crystal structure with non-centrosymmetric space
group P212121. A sophisticated network of hydrogen bonds connecting the L-asparagine with water molecule
is visible in the LAM crystal structure [4]. Khan et al. [5] had written a detail review on the growth and

physico-chemical properties of LAM crystal and few L-aspragine derivative compound crystals were also
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included in the review in order to evaluate structural and atomic bonding arrangement. LAM show high band
gap value (5.15eV) and lower cutoff wavelength in ultraviolet region (234nm). A material with large band gap
hinders its full potential to use as an advanced material for optoelectronics application. Mohammad et al. used
bimetallic dopants to reduced the band gap of ZnO nanoradods [6]. Patel et al. [7] reported bimetallic (Co2+ -
Ni2+) dopant improved the mechanical properties of ammonium dihydrogen phosphate crystal. In the present
communication, we study an effect of a bimetallic (Co2+ -Ni2+) co-doping on the structural and optical
properties of LAM crystal. The slow solvent evaporation solution growth approach has been used to grow pure
and 1.5 mol% Co2+ -Ni2+ doped LAM (Co- NiLAM) crystals.

II. METHODS AND MATERIAL

2.1. MATERIAL SYNTHESIS AND CRYSTAL GROWTH

L-asparagine monohydrate (SD Fine AR grade) was taken and used as it is. It is dissolved in double distilled
water and stirred continuously using magnetic stirrer for 2 hours at room temperature to obtain the
homogeneous solution of LAM. In order to obtain the crystal of Co2+-Ni2+doped LAM crystal, cobalt chloride
(CoCl2) and nickel chloride (NiCl2), 1.5 mol % each were added to the homogeneous solution of LAM and
allow to stirred continuously at 400C for more than four hours. The obtained pure and doped LAM solutions
were filtered with the micro filter paper using the vacuum pump and the filtrate collected in the rinsed beaker.
The beaker was placed in a constant temperature water bath for growth of single crystal by self-nucleation
process at 350C. Good sized crystals of pure and doped LAM were obtained after the period of 15 days. The
photograph of pure and doped LAM grown crystals are as shown in Fig.1 (a) and (b) respectively.
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Figure 1: Photograph of pure and Co-NiLAM crystals Figure 4. EDAX spectra of Pure and Co-NiLAM grown
crystals

2.2. CHARACTERIZATION

The obtained grown crystals were subjected to structural, functional and optical study. Powder x-ray
diffraction (P-XRD) data of pure and doped LAM crystals were recorded on Rigaku  Miniflex 600
diffractometer within the 20 range of 10-80o with scanning rate 0.020/sec using CuKa radiation of wavelength
1.5406A. The powder X-software was used to analyze the recorded P-Xrd data [8]. UV- Visible transmission
spectrum was recorded using the Shimadzu UV-1601 spectrophotometer within wavelength range of 200-800
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nm. Fourier transformation infrared spectrum (FT-IR) of pure and doped LAM was recorded on Diamond ATR

spectrophotometer in the frequency region ranging 4000-500 cm-1. An EDAX spectrum was recorded on
instrument JEOL JSM IT 200.

IIL.RESULTS AND DISCUSSION

3.1.  P-XRD Analysis

The P-XRD diffraction pattern of pure and doped LAM crystals are as shown in Fig.2.There are good number of
sharp, narrow, and high intensity peaks at specific 20 values observed in the P-XRD pattern. The sharp, narrow
and high intensity peaks indicates the high degree of crystallinity of the grown crystals. The high degree of
crystallanity indicates crystal should be more transparent in the entire region of UV-Vis region. The observed
lattice parameter values of pure LAM are found to be in good agreement with the previously reported values
[4]. The calculated lattice parameters for doped crystal are a=5.580A, b=9.804A, c=11.770 A, V= 644.021 A3 and
o= B = y=900.The pure and doped LAM crystals belong to orthorhombic crystal system with non-
centro- symmetric space group P212121 .The slight change in lattice parameter and presence of some

additional peaks of Co-Ni dopants into pure crystals confirms the incorporation of dopants into the LAM lattice.
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Figure 2 P-XRD of Pure and Co-MNiLLAM grown crystals Figure 3 FT-IR spectra of Pure and Co-NiLAM grown crystals

3.2.  FT-IR Analysis

FT-IR spectrum of pure and Co-NiLAM crystals are shown in Fig. 3. The peaks corresponding to all functional
groups of LAM are present in FT-IR spectra. The peak at wavenumber 518.85 and 530.42cm-1 assign the
torsional oscillation of NH3 group. The COO- bending mode at 678.94 and 696.3 have been identified and
assigned for pure and doped LAM crystals, respectively. The peak value at 1361.74 and 1363.67cm-1 shows C—
H deformation vibration peak. Asymmetrical NH3+ bending vibration modes for pure and doped crystal have
been assign by wavenumber  2005.97 and 2004.04.The vibration band of asymmetric NH3+ group are
observed and assigned. C-H stretching and N-H vibration band are observed at peak 2972.31 and 3134.33
successively for doped crystal. The presence of corboxylic and amino group functional in pure and doped
crystals with slight modification in the peak position in the doped LAM crystals, qualitatively confirms the

inclusion of dopants.

3.3. EDAX Analysis
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The EDAX spectra of doped LAM crystal was recorded as shown in Fig. 4 and analyzed. It shows the presence
of carbon, nitrogen, oxygen, cobalt and nickel. EDAX spectra confirm the presence of dopant in the Co-NiLAM
crystal.

3.4.  Linear Optical Analysis

The UV-visible transmission spectrum of pure and Co-Ni LAM grown crystals are as shown in Fig. 5. From
UV- visible study, the transmission percentage of doped crystal (84%) is found to be more than pure LAM
crystal (78%).The good transmission in entire visible region indicates crystal with lesser defects [9]. The lower
cutoff wavelength for pure and doped LAM was evaluated to be 227 and 229nm, respectively. The band gap
energy of grown crystals was computed using Tauc’s relation [4]. The energy band gap of pure and Co-NiLAM
grown crystals is as shown in Fig.6.The calculated band gap energy for pure and doped LAM crystal were found
to be 5.05 and 4.95eV, respectively. The decrease in band gap value is attributed to the presence of bimetallic
dopants in the host crystal. The red shift in band gap energy is mainly due to the dominant role of nickel ion
[6].

The localized defect states in the optical band gap region are indicated by a parameter known Urbach energy
(EU). The graph is plotted in between Ina and photon energy (hv)[10]. From the graph, the value of Urbach
energy (EU) was calculated from the reciprocal of slope and it is found to be 0.44eV for doped crystal. The low
value of Urbach energy indicates crystal with lesser defects. The high transmission over wide range, lower
cutoff wavelength in UV region and with decrease in band gap value is the most desirable parameter for

designing optoelectronics devices [4,9].
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Figure 5. UV-visible transmission spectra of pure and Co- Figure 6. Tapg s plots of pure and Co-INiLAM crystals
WiLAM crystals
Urbach suggested another relation for correlating both absorption coefficient () and the optical band gap
energy
[ohv-EO0 ) ]
using the equation, « = fexp
KBT

[11],where f is a per-exponential constant and o is steepness parameter. EQ
is the transition energy, which is equal to Eg for direct allowed transition. The grown crystal has direct band

gap-
T KB
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Therefore, EO=Eg. Taking log on both sides, after solving, it can be rewritten as o =[11], where KB is EU

Boltzmann constant and T is absolute temperature.The calculated value of o is 0.053. The value of steepness
parameter is used for relating the strength of electron-phonon interaction (Ee-p). The electron-phonon
interaction energy is calculated by using the formula Ee-p=2/30. It was found to be 12.46. The present work

proves a lower steepness value with a higher energy value for electron-phonon interactions.

IV.CONCLUSION

Appreciable sized single crystals of undoped and Co-Ni co-doped LAM were successfully grown by slow
evaporation technique of solution growth method. The small variation in lattice parameters and change in
position of vibrational modes in P-XRD and FT-IR spectrum of doped LAM crystal confirms, qualitatively, the
doping of Co and Ni metals. EDAX analysis confirms the presence of dopant into the crystal. The doped crystal
is transparent in the entire visible region. The increase in transmission in doped crystal has been witnessed as
compare to pure LAM. The calculated band gap energy for pure and doped LAM crystal was found to be 5.05
and 4.95eV respectively. Steepness parameterand electron-phonon interaction were calculated to be 0.053 and
12.46 respectively. A remarkable improvement in transmission, decrease in band gap and lower cutoff
wavelength suggest its suitability in optoelectronic applications.

One of the requirements of the graduate Science, Engineering and Technology courses is that you conduct
research and write a research paper on some aspects of software engineering. The paper may present original
work, discuss a new technique, provide a survey and evaluation of recent work in a given area, or give
comprehensive and taxonomic tutorial information. The paper must emphasize concepts and the underlying
principles and should provide authentic contribution to knowledge. If your paper does not represent original
work, it should have educational value by presenting a fresh perspective or a synthesis of existing knowledge.

The purpose of this
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ABSTRACT

BST powders were prepared by solid state reaction method and characterized by method of x-ray diffraction
analysis, SEM, EDAX and dielectrics. The obtained powders were submicronic, consisting of spherical;
polycrystalline particles surface morphology of samples has been studied using SEM. The dielectric
measurements have been studied at different frequencies by using impedance analyzer. As Sr content
increases then dielectric constant (e') increases because ferroelectric regions are surrounded by non-
ferroelectric regions. It is found at higher values of frequencies, dielectric losses (¢”) are reduced and dipoles
contribute to the polarization. The conductivity (o) increases as frequency increases due to large mobility of

carriers as a strong hopping mechanism of ions.

Keywords: solid state reaction, BST, X-ray diffraction, SEM

I. INTRODUCTION

o Barium Strontium Titanate (BST) is a solid solution ferroelectric material exhibiting a large dielectric
constant and changes with a frequency [1].

o This dielectric constant is suitable for many applications such as bypass capacitors, IR detectors,
dynamic random-access memories (DRAMs) and tuneable microwave devices such as voltage-
controlled oscillators, tuneable filters, and phase shifters [2-4].

o Its usefulness is interesting at microwave frequencies. The dielectric constant or losses has been
reduced by using various types of ferroelectric composite materials [5].

. It is perovskite-based ferroelectric and one of the most studied ferroelectric materials [6].

II. REVIEW AND GAP:
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o The ferroelectric history described in the excellent review by Busch. Many distinguished scientists
studied the early development named Brewster, ] & P Curie, Boltzmann, Pockets and Debye etc. Ferro
electricity is firstly coined by Schrodinger. It is polar dielectric in which polarization can be switched
between two or more states by the application of electric field [7-8].

o The microwave applications of ferroelectric materials have bread technologies like radar;
communication etc. has a strong demand in tuneable resonators and filters in the GHz regions. The
development of electric components is one of the factors that support exists as modern technology. The
ferroelectric material has a perovskite structure. One of the ferroelectric materials often used is Barium
Titanate (BT). BT has high dielectric constant, therefore its often used as capacitor [9].

o Many researches had been done in improving the electrical properties as well as morphology of BT.
One of the ways often used i.e. gives doping. The strontium (Sr) is one of the doping that often used
because it has an atomic radius similar to atomic radius of Ba. Thus, Sr is effective to increase the
dielectric constant of BT. The BST has high dielectric constant, chemically stability and low dielectric
loss [10].

II.LMETHODS AND MATERIAL

The 50gm BST sample was prepared with various compositions as Ba0.35r0.7TiO3, Ba0.55r0.5TiO3, Ba0.6 Sr0.4
Ti03, and Ba0.7Sr0.3TiO3.

The composite materials are sintered at 10000C and at 11000C for five and three hours. Then four samples are
mixed with polyvinyl alcohol as a binder.

Then it is pressed by using hydraulic pressure of 8 tonne to form the pallets. These palletised samples are finally
heated at 5000C for 3 hours.

[a] XRD Measurement:

The samples were characterized by XRD measurements by using Bruker D8 advance X-ray diffractometer. X-
rays were produced using a sealed tube and wavelength of X-ray was 0.154nm (cu. k-alpha). The x-rays were
detected using a fast-counting detector based on silicon strip technology (Bruker Lynx Eye detector). XRD
pattern of BST is shown in Fig. 1. The sharpness of BST diffraction peaks suggests better homogeneity and
crystallization of samples. X-ray analysis shows that the BST has single phase with tetragonal structure. All
reflection peaks were observed interplanar spacing ‘d’ and lattice parameters with the JCPDS data of BST
(Ba0.5Sr0.5TiO3 JCPDS

#391395, Ba0.65r0.4TiO3 JCPDS #340411, Ba0.7Sr0.3TiO3 JCPDS #440093) were determined using a least
squares refinement method. A good agreement between calculated and observed of values of all diffraction
lines of BST suggest that there is no change in basic crystal structure of prepared sample which is perovskite

ferroelectric material.

[b] DIELECTRIC MEASUREMENT:
The dielectric constant (¢'), dielectric loss (¢”), quality factor (Q = 1/tan §), and conductivity (o) of the sample
were measured in the frequency range 50Hz to 5MHz by LCR meter (HP model hioki3572) These are

calculated by using formulae [11].
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[c] EDAX:

The energy dispersive analysis x-ray is a analytical technique used for elemental analysis of sample. The
difference in energy between the higher energy shell and the lower energy shell may be released in the form of
x-rays. The

number and energy of x-rays emitted from a specimen can be measured by an energy dispersive spectrometer.
The atomic structure of emitting element and composition is to be majored. The element analysis with weight %
and

atomic % has reported with images as in Table 1 & Fig. (2) EDAX is used to provide elemental identification
and quantitative compositional information. The EDAX analysis consists of spectra with peaks of O, Ti, Sr, Ba

of different elements present in the sample.

[d] SEM:

A scanning electron microscope produces the images of sample by scanning the surface. It gives the surface
topography and composition of the sample. The surface was examined by SEM Fig.3 a, b, c, d shows the images
of four samples. The particles of BST are not specific shape with diagram 2um. it can be seen that prolongs

sintering time is also effective to change the particle size and improve the microstructure homogeneity [12]

IV.RESULTS AND DISCUSSION

Element | Weight% | Atomic% Element | Weight% | Atomic%
OK 32.99 71.93 OK 34.34 72.74
TiK 20.90 15.22 1K 20.39 14.43
SrL 7.90 3.15 SrL 11.84 4.58
Ba L 38.21 9.71 Ba L 33.43 8.25
Totals 100.00 100.00 Totals 100.00 100.00

(a) Ba0_3Sro.7Ti|O3 (b) BansSrasTiO;
Element | Weight% | Atomic% Element | Weight% | Atomic%
OK 32.99 1.93 OK 34.34 72.74
TiK 20.90 15.22 TiK 20.39 14.43
SrL 7.90 3.15 SrL 11.84 4.58
Ba L 38.21 9.71 Ba L 33.43 8.25
Totals 100.00 100.00 Totals 100.00 100.00

(¢) BagsSro4Ti;03

(d) Bag7Sro3TiiO3

Table 1 shows the elements with weight and atomic percentage of samples
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From fig. 4 & 5 it is clear that dielectric constant and loss decreases by increasing the frequency for all samples.
But as percentage of Sr element in the BST increases then it is found the €', €” are increases because ferroelectric
regions are surrounded by non-ferroelectric regions [13].

In fig. 6 & 7 it is observed the quality factor and conductivity increases with increasing frequency due to
hoping of electrons [14-15].

At higher percentage of Sr in the material the Q and o are high because extra charge carriers support to the

quality factor and conductivity process [16-17].

V. CONCLUSION

° The synthesized ferroelectric material BST is confirmed by XRD, EDAX, and SEM.
) As the doping of strontium in BST is more which increases €', €”, Q and o values.
. It is found that beyond the frequency 10KHz the conductivity is suddenly increases.
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ABSTRACT

In this study, nickel oxide nanoparticles (NiO NPs) were prepared using mulberry leaves extract by
biosynthesis method. The prepared NiO nanoparticles calcimined at 4000C, then these NiO nanoparticles
were characterized by various characterization techniques such as X-Ray spectroscopy (XRD), Ultra-Violet
visible spectroscopy (UV), Fourier transform infrared spectroscopy (FTIR), Scanning electron microscopy
(SEM) and Energy dispersive X-ray spectroscopy (EDS). These characterizations give particle size,
structural morphology, functional group and percentage of the composition of chemical compounds used for
synthesis. These nanoparticles can be useful for further applications in agricultural field to improve growth of

plants.

Keywords: Biosynthesis method, Nickel oxide, Mulberry, Nanoparticles

I. INTRODUCTION

Nanotechnology is an escalating field of modern research (1) involving synthesis, preparation, characterization
and application of nanoparticles, nanotubes and nanomaterials by controlling shape and size at nano scale
(2).The nanotechnology is innovative and emerging field for nanomaterials ranging from Inm to 100nm.There
is new branch of nanotechnology existing which is bio-nanotechnology that integrates main role of biological
objects with physical and chemical method for preparation of nano-size particles with specific function. The
bio-based materials for synthesis of nanoparticles are eco-friendly and economical. They are simple, relatively
inexpensive and easily scaled up for larger scale production (3). In recent years, there has been an increasing
interest in the synthesis of nano sized crystalline metal oxides because they have large surface areas, surface
defects and other useful properties. NiO nanoparticles have many applications in electronics industries, films,
also in medical purpose, magnetic materials, different sensors, catalysts, alkaline batteries and in oxide fuel
cells (4-8). There are various methods used and developed for synthesizing crystalline oxide powders in

nanoscale,

II. METHOD OF SYNTHESIS AND CHARACTERIZATION
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The materials used for biosynthesis are nickel nitrate hexahydrate, fresh and clean mulberry leaves, beaker,
magnetic stirrer.

In experimental procedure, 50g fresh and dried mulberry plant leaves were added in 500ml of double
distilled water and heated up to one hour. Then this solution was filtered for collecting the plant extract of
mulberry plant leaves. Then this extract was continuously kept for stirring on magnetic stirrer at 700 C for 30
minutes. Then

4g of nickel nitrate hexahydrate was added in extract solution. Then it was observed that the color of extract
changed from dark green to black. Again this extract solution was stirred up to 3 hours and this extract was
kept as it is overnight. Then we observed that the particles were settled down at the bottom of beaker. Then
this extract solution was filtered and dried at 1200 C in oven for 5 hours. Further this powder or particles were
calcined at 4000 C for 2 hours. Then synthesized particles were characterized by various characterization
techniques like X-Ray spectroscopy, Ultraviolet visible spectroscopy, Fourier transform infrared radiation,

Scanning electron microscopy and energy dispersive spectroscopy for further analysis.
IIILRESULT AND DISCUSSION
1. The Ultra-violet spectroscopy of NiO Mulberry nanoparticles
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Figure 1 UV spectroscopy of NiO Mulberry nanoparticles
UV-visible absorption behaviour of NiO NPs of the sample was analyzed to gather information on its band gap
energy. Figure 1 shows the UV-visible spectra of the NiO nanoparticles. The band gap energy of NiO NPs was

calculated by given wavelength of absorption peak. The band gap energy was found 5.9 eV.

2. Fourier Transforms Infrared Spectroscopy of NiO Mulberry nanoparticles
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Figure 2 The FTIR spectra of NiO Mulberry nanoparticles
The IR spectrum of the precursor is shown in figure 2, it exhibits absorption peak. The broad absorption band
centered at 1367cm-1 is attributed to the O-H bending shows water molecules of stretching vibration band.

The broad peak having wave number 420 cm-1 indicates Ni-O stretching band (9) which confirmed the
presence of nickel in precursor.

3. The X-ray spectroscopy of NiO Mulberry nanoparticles
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Figure 3.X-ray spectroscopy NiO Mulberry nanoparticals
The XRD pattern of NiO-Mulberry nanoparticles is shown in figure 3. Comparing to XRD standard table, the

diffraction peaks of NiO Mulberry leaves extract after reaction are shown as (110}, (220), (311). It shows crystalline

phase and sharp diffraction peaks indicating that NiO nanoparticles were prepared successfully. These peaks indicate
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N10 nanoparticles crystallization and elimination of the former phase i.e. nickel hydroxide. The size of the Ni0 NPs is

calculated by using Scherrer’s equation as t=% where, t i1s particle size, A 15 wavelength (0.1542 nm for Cuk,

radiation) full width half maximum (FWHM) of a peak for radiation and diffracted angle respectively (10). The particle

size of N10 nanoparticle 1s found to be 32.62 nm.

4. Scanning electron microscopy of NiO Mulberry nanoparticles

The figure4 shows scanning electron microscopy image of nickel oxide mulberry nanoparticles. The images

show porous and globular nature. The image also shows irregular structure.

28kl Xia, 806

Figure 4. Scanning electron microscopy NiO Mulberry nanoparticles

5. Energy dispersive spectroscopy of NiO nps

The chemical composition of nanoparticles was found by EDS in this biosynthesis, which indicates Ni about
58.70% and K about 27.92%.
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Figure5.Energy dispersive spectroscopy of NiO nps

IV.CONCLUSION:

NiO nanoparticles were successfully prepared by biosynthesis method using nitrate hexahydrate and

mulberry leaves extract. The size of NiO nanoparticles was found about 32.62nm from x-ray spectroscopy. The

scanning electron microscopy (SEM) shows the porous and globular nature of nanoparticles. From SEM, the

nanoparticles were also found to be in irregular shapes. The EDS shows the chemical composition of the

nanoparticles. From UV-visible spectroscopy, the band gap energy of 5.9 eV was observed. The availability of

NiO functional group was confirmed from the FTIR.

V. REFERENCES

A. Q. Li, L.-S. Wang, B.-Y. Hu, C. Yang, L. Zhou, and L. Zhang, “Preparation and characterization of
NiO nanoparticles through calcinations of malate gel,” Materials Letters, vol. 61, no. 8-9, pp. 1615-
1618, 2007.

X. Xin, Z. Lu, B. Zhou, et al., “Effect of synthesis condit ions on the performance of weakly
agglomerated nano-crystalline NiO,” Journal of Alloys and Compounds, vol. 427, no. 1-2, pp. 251-255,
2007.

Y. Wu, Y. He, T. Wu, T. Chen, W. Weng, and H. Wan, “Influence of some parameters on the synthesis
of nanosized NiO material by modified sol-gel method,” Materials Letters, vol. 61, no. 14-15, pp. 3174—
3178, 2007.

K.-C. Min, M. Kim, Y.-H. You, et al., “NiO thin films by MOCVD of Ni(dmamb)2 and their resistance
switching phenomena,” Surface & Coatings Technology, vol. 201, no. 22- 23, pp. 9252-9255, 2007.

I. Hotovy, J. Huran, L. Spiess, H. Romanus, D. Buc, and R. Kosiba, “NiO -based nanostructure thin films
with Pt surface modification for gas detection,” Thin Solid Films, vol. 515, no. 2, pp. 658-661, 2006.
Edhaya Naveena B, Prakash S, Biological synthesis of gold nanoparticles using marine algae
Gracilariacorticata and its application a s a potent antimicrobial and antioxidant agent. Asian ] Pharm
Clin Res 6(2):179-182. 2013

Madhuri S, Maheshwar S, Sunil P, Oza G, Nanotechnology: concepts and applications, vol 4. CRC Press,
USA, 2012

Prabhu S, Poulose E, Silver nanoparticles: mechanism of antimicrobial action, synthesis, medical
applications, and toxicity e ffects. Int Nano Lett 2(1),2012 [9]K.Murali Mayya, Nirmesh Jain, Anand
Gole, Dominique Langevin, Murali Sastry Time-dependent complexation of glucose-reduced gold
nanoparticles with octadecyl lamine Langmuir monolayers, Journal of Colloid and Interface Science,
Vol 270, issue 1, 1, ,133-139,2004

Sung-Jei Hong, Hyuk-Jun Mun, Byeong-Jun Kim and Young-Sung Kim, Characterization of Nickel
Oxide Nanoparticles Synthesized under Low Temperature, Microma chines, 12, 1168, 2021

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9



ICRTMS-2024

International e-Conference on Recent Trends in Material Science

In Association with International Journal of Scientific Research in Science and Technology
Volume 11 | Issue 9 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

Effect of Ag Doping on Optical and DC Electrical Properties of

Spray Deposited ZnO Thin Films
Dr. Sarika Vaijanathrao Jadhav
Department of Physics, Sant Tukaram College of Arts and Science, Parbhani, Maharashtra, India

ABSTRACT

The Ag doped ZnO thin films was prepared by Simple Spray Deposition technique using locally available
perfume atomizer. The deposited films were characterized by XRD, FTIR, SEM and UV-Visible spectroscopy.
ZnO films was considerably changed with Ag doping. The 3 % Ag doped film shows excellent morphology of
small pieces of Ag/ZnO wires uniformly distributed over the entire substrate. The EDX spectra show the
samples composed of Zn, O and Ag elements and no other impurity was present.

It also showed that the spectra exhibit low absorption in the range of 400 to 999 nm. The optical absorption
was increased as Ag atomic % was increased. The pure ZnO thin film exhibits higher transmittance > 78% in
the range of 400 to 999 nm. It also showed that even low Ag atomic % doping effects the absorption spectra
of ZnO thin films. With increase in Ag atomic % transmittance was gradually decreased. Thus, it was
concluded that the substitution of low quantity of Ag make significant effect on absorption and transmittance
spectra of ZnO thin films.

The band gap was observed decreased as the Ag doping was increased. Lowest optical energy band gap of 3.21
eV was observed for 5% Ag content. The study shows that ZnO thin films are high resistive in nature which
is in the order of 103 Q —cm for pure ZnO thin films and decreased with addition of Ag atomic %. Thermal
activation energy estimated was 0.561 eV which decreased by 10-1 with increased doping % of Ag.
Keywords: ZnO thin film, Spray deposition, Optical band gap, activation energy.

I. INTRODUCTION

Zinc-Oxide (ZnO) is an important II-VI compound semiconductor material of multi-dimensional
characteristics. ZnO material is having prominent electronic as well as photonic properties. It is wurtzite n-
type semiconductor with a wide direct band gap of 3.37 eV and a high excitation binding energy of 60 meV at
room temperature, that provides more efficient excitonic lasing mechanism at room temperature [1-2].

ZnO has been the focal point of much recent research because it possesses certain characteristics that make it a
very interesting material considering either fundamental or practical points of vision [3]. It is vitally important
in industrial point of view due to its special characteristics such as anti-corrosion, anti-bacterial, also has low

electron conductivity and excellent heat resistance [4].
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ZnO is considered as a versatile material with an extensive range of properties which include good
transparency, high electron mobility, high thermal conductivity, wide band gap and strong room
temperature luminescence [5-6]. The abundant availability of ZnO in nature makes it less expensive and its
sharp UV-cutoff makes it desirable in many applications such as light emitting diodes, solar cells, photo
catalysis and gas sensors, photovoltaic devices, dye sensitized solar cell and ultraviolet sensors. ZnO has so
many advantages such as low price, photo catalytic activities, good gas sensing properties, antibacterial activity,
possibility to prepare structures with interesting optical properties like photo catalyst materials, in small
amount ZnO is non-toxic etc. [7].

On account of these tremendous applications, we deposited ZnO and transition rare earth metal Ag doped
ZnO thin films using suitable simple chemical spray deposition method. The optical and DC electrical

properties have been investigated.
II. METHODS AND MATERIAL

The Ag doped ZnO thin films were prepared by using simple spray deposition technique using locally available
perfume atomizer. The Ag doped ZnO thin films were prepared by mixing two solutions. First solution was
prepared by dissolving analytical reagent grade 0.15M zinc acetate hydrated (Zn (CH3COO)22H20) in distilled
water/methanol (70:30) proportion. Few drops of acetic acid were added to avoid formation of zinc hydroxide.
Second solution was prepared by dissolving 0.15 M silver acetate (CH3COOAg) in distilled water. Few drops of
nitric acid (HNO3) were added to dissolve silver acetate in distilled water completely. These solutions were
individually stirred for two hours using magnetic stirrer.

In the technique of preparation of Ag doped ZnO thin films, five precursors of Zinc Acetate were prepared. In
first Zinc Acetate solution 1 atomic % of Ag was added. In second Zinc Acetate solution 2 atomic % of Ag was
added. In this way 3 through 5 atomic % of Ag was added in remaining three Zinc acetate solutions. These
solutions were stirred individually by using magnetic stirrer for two hours till the clear precursors were
obtained. The clear precursors have been sprayed on the pre-heated glass substrate at desired optimized
temperature (3000 C). The deposited substrates were allowed to cool at room temperature and then annealed at

4000 C for two hours in muffle furnace to obtain highly compact films.

Absorption coefficient @ for direct transition is given by the relation (1)
= :4” (hv-Eg)*----—mm - |..

Where,

Eg = optical band gap energy,

hv = Energy of incident light,

A = constant depends on the transition probability for direct transition
n = % (allowed direct transitions)

n = 3/2 (Forbidden transition)

n = 2 (allowed indirect transitions)
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Therefore, if the plot of (whv )" against hv is linear then transition is direct allowed. The band gap

energy ( E;) is calculated by extrapolating the linear portion of the curve to the energy axis at zero

absorption that 1s at absorption edge. The optical band energy was determined by using the relation (2) [12]

R —
Where,
h = Plank's constant
¢ = velocity of light
A= near band edge wavelength

IIL.LRESULTS AND DISCUSSION

The Ag doped ZnO thin films were characterized by using different techniques. In the present article optical
and DC electrical properties of Ag doped ZnO thin films were studied.

3.1.  Effect of Ag Doping on UV-Visible Spectra:

Absorption Spectra of Ag-ZnO thin films of various Ag atomic % (1,2,3,4, and 5%) were recorded by using
Systronic double beam (2201) spectrophotometer. The films have been scanned in the wavelength range 190 to
999 nm. The figure 1.1 shows the absorption spectra of Ag-ZnO thin films of different Ag atomic %. The flat
portion in the range 400 to 999 nm exhibit low absorption and absorption was abruptly increased below 400
nm. The absorption was found maximum for the wavelengths ( < 390 nm ). The shifting of absorption edge
towards higher wavelengths and increase in absorption was clearly observed as the Ag atomic % was increased
(8,9) Figure 1.2 shows transmittance spectra of pure and Ag doped ZnO thin films. The pure ZnO thin film
exhibits higher absorption transmittance (> 78%) in 300 to 999 nm range. The remarkable effect of Ag doping
on transmittance was clearly observed from figure. Even small amount of Ag doping suddenly decreased the

transmittance. As Ag doping % was increased above 2% the transmittance was gradually decreased.

Figure 1.3 shows Tauc plot obtained by plotting (ahv) 2 versus photon energy hv. Band gap energy was calculated for pure and
Ag doped ZnO thin films by using Tauc plot. The band gap obtained for pure ZnO was 3.362 and was gradually decreased as
the Ag atomic % was increased (10,11) as shown in figure. The film samples of 1 through 5 Ag atomic % exhibit band gap 3.29,
3.25, 3.23, 3.221 and 3.215 eV respectively as shown in Fig. 1.4. Ag doped ZnO thin films show decrease in band gap with
increase in crystallite size.

>

Absorption (& 1)

Figurel.1 UV-Vis Absorption Spectra
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3.2.  Effect of Ag Doping on the DC- Electrical Resistivity
The study shows that ZnO thin films are high resistive in nature which is in the order of 103 Q —cm for pure
ZnO thin films. The variation of Resistivity with Temperature in 0C is shown in figure 1.5. It was found that

resistivity decreased with increase in temperature as well as on increasing doping % of Ag content. The
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decrease in resistivity with increase in temperature is the characteristic property of semiconducting materials.
The dc- resistivity was abruptly decreased by small addition of Ag atomic % in pure ZnO matrix. The samples
(Ag/ZnO) deposited by using present technique satisfied the phenomenon of semiconducting properties. It was
found that resistivity at room temperature decreased with increase in Ag atomic % [13] which was illustrated

in figure 1.5.
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Figure 1.5 plot of Resistivity versus Temperature
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The activation energy of ZnO thin films is determined by donor levels formed by oxygen vacancies in
the forbidden zone of ZnO. During heating process decrease in resistance of the sample with increase in
temperature was determined by the thermal generation of electrons. Thermal activation energy of pure ZnO
thin film was estimated from Log(p) verses 1000/T oK-1 plot as shown in figure 1.6. Thermal activation energy
estimated was to be 0.561 eV. Figure 1.7 shows the Log (p) verses 1000/T oK-1 plot of Ag/ZnO thin films. The
thermal activation energy of Ag/ZnO film samples was estimated using Log (p) verses 1000/T oK-1 curves. The
estimated activation energies were decreased of the order of 10-1 as compared to activation energy of pure
ZnO. The estimated activation energy was plotted against Ag atomic % and represented in figure 1.8. The
activation energy was generally decreased as the Ag atomic % was increased. However, film sample prepared
for Ag atomic % 3 exhibits higher activation may be depends upon generation of donor carrier
concentration. The decrease in activation energy due to increase in doping percentage that leads to increase in

donor carrier concentration which bring the Fermi level up in the energy gap [14].
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Figure 1.7 Plot of Log(p)versus 1000/T oK-1for Ag/ZnO Thin film
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Fig 1.8 Plot of Thermal Activation energy versus Ag atomic %
IV.CONCLUSION

In order to synthesize Ag doped ZnO thin films various physical and chemical methods have been employed.
However, in present article simple chemical spray deposition process using perfume atomizer was
employed. The simple chemical spray technique is simple, low cost, easy to design, utilization of minimum
instruments, able to deposit desired material, working at moderate temperature. This method was found
effective in the synthesis of pure and doped ZnO nanostructures thin films. Using simple chemical spray
technique wurtzite hexagonal crystalline symmetry of ZnO thin films have been successfully synthesized.
The UV Visible transmittance spectra obtained show maximum transmittance for pure ZnO was >78%. The
estimated band gap was decreased with increase in Ag atomic % (1 to 5 %) from 3.29 to 3.215 eV which was
smaller than pure ZnO thin film (3.33 eV). The UV-Visible spectra confirmed that the absorption was abruptly
high below 400 nm and it was found maximum for the wavelength < 290 nm.

It was concluded that the substitution of low quantity of Ag make significant effect on absorption and
transmittance spectra of ZnO thin films. The band gap was observed decreased as the Ag doping was increased.

Lowest optical energy band gap of 3.21 eV was observed for 5% Ag content.
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ABSTRACT

The composition of ferrite [Ni 0.25-x Mg x Cu 0.20 Zn0.55] Fe204 (x = 0.00, 0.05, 0.10, 0.15, 0.20 and 0.25)
has been prepared by autocombusion method using citric acid as a fuel. X- ray diffraction analysis of as
prepared ferrite powder shows the cubic spinal structure. The consequential powder was calcined at 650 0C
per 2hrs and the pressed ferrite was sintered at 950 OC per 4hr. In the EDAX characterization peaks were
observed due to the elements Ni, Cu, Zn, Mg, Fe and O which confirm the presence of respective ions as per
initial stoichiometry. The permeability, dc resistivity were measured with frequency range 100Hz to 5MHz.
The crystallite size of ferrite was observed from 22.8 to 40.64 Nm. The composition x = 0.15 mole with high
permeability seems to have potential for multilayer chip inductor applications at a wide range of frequencies
and surface mounting equipment. The ferrite samples showed the endothermic peak at ~750°C. [Ni0.25-
xMgxCu0.20Zn0.55]Fe204 with x = 0.15, a peak at “70°C was observed. The ferrite samples under test for
thermogravimetric analyses annealed at 950°C for 4 h, the TGA graphs showed the straight line parallel to

temperature axis.

Keywords: Autocombusion method, stoichiometry, EDAX characterization, TGA.

I. INTRODUCTION

This paper gives an account of TGDTA Energy dispersive X- ray analysis(EDAX) studies of Mg?* substituted
NiCuZn ferrites, prepared by sol-gel auto-combustion route. In today's world, information technology plays a
significant role in everyday life. There is an urgent and growing demand for electromagnetic components that
are affordable, have great efficiency, and have a small size. Surface mount devices, also known as SMDs, and
Multi Layer Chip Inductors, also known as MLCIs, are two of the components that are used extensively in
electronic products. MgCuZn materials have magnetostriction constant values that are lower than those of
NiCuZn [1-7]. As a result of their high electrical resistivity and low dielectric losses, Mg-based ferrites are
frequently utilized in microwave devices [8]. The spinel ferrites are known to experience changes in their
electrical, magnetic, and micro-structural properties [9] when diamagnetic ions are substituted for Mg?. There
are several ways to make soft ferrites, such as ceramic, sol-gel, co-precipitation, chemical preparation, citrate
precursor approach, micro-emulsion, nitrate citrate, and so on. The auto-combustion of nitrate-citrate is a

procedure that is uncomplicated, quick, and results in good quality ferrites.
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There is not a lot of information in the scientific literature about how the presence of magnesium affects the
electromagnetic characteristics of NiCuZnferrites. The effects of Mg substitution on the structural, magnetic,

electrical, and dielectric properties of [Nio.2sxMgxCuo20Znoss] Fe20O4 ferrites.
II. EXPERIMENTAL DETAILS

For a typical combination, AR grade nitrates (magnesium nitrate (Mg(NOs)2:6H20), nickel nitrate
(Ni(NOs3)2:6H20), copper nitrate (Cu(NOs)2:6H:20), zinc nitrate (Zn(NOs3)2-4H20), ferric nitrate (Fe(NOs3)3-9H20)
and citric acid (CeHsO7) were obtained from Sigma Aldrich and were used as received. The proper quantity of
distilled water, the precursors and reagent were meticulously combined and homogenized. The temperature of
the sol was up to 100°C. At the predetermined temperature, the sol-viscosity steadily grew with increasing time,
as per the natural behavior. The gel was subjected to further heat treatment at an even greater temperature
(150-200°C). The thick gel continued to foam, and finally, as the water evaporated, the gel started to exhaust
into a quick flameless auto combustion process with the evolution of a considerable number of gaseous
products. Then the resulting powder was calcinated in air at a temperature of 650°C for 2 h in order to remove
any residues of unreacted leftovers while maintaining the pure ferrite material. By using a manual pressing
machine with a pressure of 1.5 tons/cm? and PVA as the binder, the powder was formed into pellets with a
diameter of 15 mm and a thickness of 2 mm, as well as toroids with an inner diameter of 1.5 cm, an outer
diameter of 2.5 cm, and an average height of 0.3 cm. The pellets and the toroids were both sintered at a
temperature of 950°C for 4 h in air. The general composition of the developed ferrites is[Nioas-
xMgxCuo20Znoss]Fe204with x = 0.00, 0.10, 0.15, 0.20, 0.25.

IIL.LRESULTS AND DISCUSSION

Thermogravimetric analysis (DTA): The DTA graphs of developed Mg substituted NiCuZn ferrite samples with
x = 0.00 — 0.25 for the general composition [NiozsxMgxCuo20Znoss]Fe204 shown in figure 1. All the ferrite
samples showed the endothermic peak at “750°C. This peak may correspond to the change of the structure of
ferrite. Indeed, in case of CuFe20uferrites, Li et al. [18] indicated that CuFe20s has a tetragonal structure at low
temperature and has a cubic structure at high temperature. Interestingly, only in case of [Niozs-
xMgxCuo.20Znoss|Fe20Os with x = 0.15, an additional peak at “70°C was observed, which can be assigned to the
formation of the ferrite compound. As all the ferrite samples under test for thermogravimetric analyses were
annealed at 950°C for 4 h, the TGA graphs showed the straight line parallel to temperature axis; hence not

shown in the below graphs.
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Figure 1. DTA graphs of Mg substituted NiCuZn ferrites.

Elemental analysis (EDAX): For chemical characterization and elemental analysis of the ferrite samples, energy
dispersive X-ray spectroscopy (EDAX or EDS) was wused. The EDAX spectrographs of [Nioazs-
xMgxCuo.20Znoss]Fe20s with x = 0.00- 0.25. ferrites are shown in Figure 2. X-ray peaks were observed due to the
elements Ni, Cu, Zn, Mg, Fe and O which confirm the presence of respective ions as per initial stoichiometry
under investigation. The data from EDAX in terms of compositional atomic percentage of Ni%, Cu?, Zn?, Mg,

Fe3* and O ions in the ferrite samples is tabulated in Table 1.
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Figure 2: EDAX spectrum of all the developed Mg substituted NiCuZn ferrites.
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Table 1 : Compositional data on atomic percentage of elements [Nio.2s-xMgxCuo.20 Znoss]Fe204 EDAX analysis.

Atomic percentage of as prepared ferrites
Ni? (%) | Cu?* (%) | Zn* (%) | Fe3 (%) | O* (%) | Mg* (%)

Content (x)

[Nio.2s Mgo.o0Cuo.20 Znoss] Fe2Os | 6.42 7.78 13.48 52.28 20.04 | 0.00
[Nio.20 Mg 0.0sCuo.20 Znoss] Fe204 | 5.22 6.36 15.83 51.91 20.18 | 0.51
[Nio.15 Mg 0.10Cuo0.20 Znoss] Fe204 | 3.75 4.81 12.58 49.08 28.16 | 1.61
[Nio.10 Mg 0.15Cuo0.20 Znoss] Fe204 | 3.06 5.92 15.45 54.02 20.14 | 1.41
[Nio.os Mg 0.20Cu0.20 Znoss] Fe204 | 1.85 6.41 15.15 53.35 21.10 | 2.13
[Nio.ooMg 0.25Cu0.20 Znoss] Fe204 | 0.06 6.22 16.32 53.26 21.66 | 2.48
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ABSTRACT

Advantages of Polyaniline outweigh other conductive polymers, these including, cost-effective, easy to
fabrication, more biocompatible than others, the use of polyaniline has increased. The synthesis of
polyaniline matrix using electrochemical method In this Paper, we investigated properties of polyaniline

and its applications in a variety of tissue engineering.

Keywords: Polyaniline, electrochemical Method, Tissue Engineering Applications,

I. INTRODUCTION

In the present era, polymers have been extensively investigated, and being used in the daily life. Polymers are
generally known for their insulating property. However, in the mid-1970s, the first polymer capable of
conducting electricity, polyacetylene was accidentally prepared by Shirakawa [1 JAll cells communicate with
each other through electrical signals, but the intensity of these signals varies in different tissue types [2]. In the
1960s showed the positive effects of electrical stimuli on tissue regeneration of dog’s bone.Some time for
reaching conductive scaffold are used from other conductive elements Conductive polymers (CPs) can conduct
electricity in a biological environment without an external electrical source.. There are several types of CPs
such as polypyrrole (PPy), polyaniline (PANI), and polyacetylene (PAC). Each of these polymers contains
special electrical conduction systems, including aromatic units and alternating single and double bonds in the

polymer chain. (Figl).
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Polyaniline is most popular among conductive polymers due to its unique properties, including
biocompatibility and optical and electrical conductivity [3-5], easy to synthesis, ion-exchangeable [5], low cost,

having nitrogen bonds on either side of phenylene ring makes it highly reactive [7], variable monomer
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Figure 2: Oxidation states of POLYANILINE
Biocompatibility could be provided increasingly either solubility byproducts of PANI for renal clearance so
oligoanilines or aniline monomers will not exist in local, consequence, avoid any inflammation and side effects
of long-term use [3].. However, biocompatibility can be increased by using oligoaniline and immobilizing onto
the backbone of polyaniline.Biodegradability of a scaffold in tissue engineering is a principle to aid tissue

remodeling..
II. METHOD

The aniline was distilled twice before use.),Sulphuric acid (H2S0s),, were used as supporting electrolytes. All
chemical used were of AR grade. An aqueous solution of aniline (99%) and various electrolytes were prepared
in distilled water. The concentration of aniline were 0.5 M and the concentration of supporting electrolytes
was 1M. The pH was adjusted by adding nitric acid or sodium hydroxide and measured by calibrated pH meter.
The electrochemical polymerization of aniline was carried out using Galvanostatic method in one

compartment electrochemical cell. Platinum was used as a counter electrode (cathode) and ITOIl was used, as a
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working electrode (anode) .The reference electrode was Silver Chloride electrode (Agcl). All three electrodes

were placed vertically in cell. An 80ml solution was used for each reaction.

IILRESULT AND DISCUSSION

3. Potentiometric studies of PANI- H2SOs composite matrix
The chronopotentiogram of the potentiometrically synthesized PANI-H2SO4 composite is shown in Fig.3.
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Fig.3 chronopotentiogram of the potentiometrically synthesized PANI-H2SO+ Matrix.
This has resulted conducting PANI- H2SOs matrix with uniform and porous surface morphology.

The electrical conductivity of synthesized composite PANI- H2SOs matrix was measured by four probe
technique and it was 1.6 S/cm.

4. SEM studies of PANI- H250: Composite matrix

The scanning electron micrograph of synthesized composite PANI- H2SOs film is as shown in Fig.4. It can be

seen that the surface morphology is porous, uniform with fibiral like structure.
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Fig.4. SEM micrograph of PANI- H2SO4 film synthesized at 1.0 pH, 0.2 M aniline, 0.5 M H2SO4S, 1 mA/cm?

current density and T=27 °C.
Polyaniline composite are quickly developing material for biomedical applications. Therefore, health risk
related to Polyaniline composite are of great importance. The biocompatibility is the ability of the material to

co-exist with living things and tissues without damaging them.[19]. 20]
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IV.CONCLUSION
Polyaniline oligoaniline compositions to resolve its biodegradability in the structure of tissue engineering.
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ABSTRACT

Nanotechnology is helping to remarkable improvement in many technology and industry sectors, energy
homeland security, information technology, food safety, medicine, transportation and environmental science,
among many others. Nanotechnology is a relatively recent development in scientific research, the development of
its central concepts happened over a longer time period

Keywords: Nanotechnology, Nanomaterials, Nanoparticles, materials

I. INTRODUCTION

Nanotechnology is almost in every field and make life simple in day today. Nanoparticle is a rapidly growing
various scientific field that applies engineering and manufacturing principles at an atomic and molecular level.
Nanotechnologies cover every field of science, including physics, chemistry, biology, materials science,
computer science, and engineering. Nanotechnology represent versatile research area, which involves
structures, devices, systems and functions due to the arrangement of their atomic range 1-100 nm scale.
Nanotechnologies have been applied to various fields like industrial field, medical, especially in the field of
cancer treatment. Generally, nanotechnology can be understood as a technology, which allows in the
controllable way not only to create nanomaterials but also to operate them, i.e. to influence them or to use
them according to their intended purpose. Accordingly, nanomaterials can be understood as the materials,
which are characterized at least in one of three measurements by nanometer scale concerning both the sample

of a material as a whole and its structural elements.
II. MATERIALS AND METHOD

i. Definition of Nanotechnology

Nanotechnology refers to the branch of science and engineering devoted to designing, producing, and using
structures, devices, and systems by manipulating atoms and molecules at nanoscale, i.e. having one or more
dimensions of the order of 100 nanometers (100 millionth of a millimeter) or less. The father of
nanotechnology is considered to be American physicist Richard Feynman. He introduced the concept in 1959,
during his talk, “There's Plenty of Room at the Bottom”. Nanotechnology is defined as the understanding and

control of matter at dimensions between 1 and 100 nm where unique phenomenal enable novel applications.
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ii.  History of Nanotechnology

The entrance of nanotechnology in the 1980s was caused by the convergence of experimental advances such as
the invention of the scanning tunneling microscope in 1981 and the discovery of fullerenesin 1985
Nanotechnology is a relatively recent development in scientific research, the development of its central
concepts happened over a longer time period. Nanotechnology is one of the most promising technologies of the
21st century. It is the ability to convert the nanoscience theory to useful applications by observing, measuring,
manipulating, assembling, controlling and manufacturing matter at the nanometre scale. The American
physicist and Nobel Prize laureate Richard Feynman introduce the concept of nanotechnology in 1959. During
the annual meeting of the American Physical Society, Feynman presented a lecture entitled “There’s Plenty of
Room at the Bottom” at the California Institute of Technology (Caltech). In this lecture, Feynman made the
hypothesis.

ili.  Future of Nanotechnology

Today, nanotechnology impacts human life every day. The potential benefits are many and diverse. However,
because of extensive human exposure to nanoparticles, there is a significant concern about the potential health
and environmental risks. Nanotoxicology is the study of potential adverse health effects of nanoparticles
However, due to lack of reliable toxicity data, the potential to affect human health continues to be a major
concern.

Nanomedicine, which includes subsectors such as tissue engineering, biomaterials, biosensors, and bioimaging,
was developed to study the benefits and risks of nanomaterials used in medicine and medical devices. Some of
the potential benefits of medical nanomaterials include improved drug delivery, antibacterial coatings of
medical devices, reduced inflammation, better surgical tissue healing, and detection of circulating cancer cells.
These concerns led to the emergence of additional scientific disciplines including nanotoxicology and

nanomedicine

iv. Advancement in nanotechnology

With the development in areas of materials science, chemistry and engineering over the previous few eras’
nanotechnology has remained exploited in all fields where insignificant size plays crucial part in determining
fundamental properties. They are being used from physics, engineering, and chemistry to biologicals and
medicine. Nanoparticles of cadmium telluride are employed in the labelling of biological molecules with
precision. Nanoparticles of titanium dioxide effectively block UV radiation and they are the main component
of sun screens. In 1985, carbon-60 molecule was exposed by Harry Kroto, Richard Smalley and Robert Curl and
they won the Nobel Prize for their work in 1996. In 1991, carbon nanotubes were discovered by lijima. A type
of nanotechnology ‘Bottom-up nanotechnology’ involves the self-assembling traits of biological systems, such

as DNA molecules which control the organization and structure of carbon nanotubes.

V. Use of Nanotechnology in Cancer therapy

In cancer therapy, tumour cells are destroyed by atomic oxygen which is generated by laser. Such molecular
oxygen is highly cytotoxic, and it destroys tumour cells efficiently. Dye used to produce atomic oxygen is

occupied by cancer cells, and it only destroys the tumour cells which are exposed to the laser radiation without
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affecting the normal cells. To avoid adverse effects on normal cells, a porous nanoparticle is used to enclose the

hydrophobic dye molecule which prevent it from spreading to other parts of the body.

Vi. Nanotechnology in diagnostics

Nanotechnology has enabled man to estimate gene expression and amount of RNA production in the diseased
and normal tissues. Radioactive or fluorescent labelled DNA from a tissue sample can be identified based on its
binding with base sequence onto the chip DNA . With the advent in the field of genomics and proteomics
abnormalities and diseases are detected at the molecular level. DNA chips based on nanotechnology are widely
used to check gene expression. The sequence of DNA molecules may also be established by drawing the
sequences through nanopores in the membrane using an electric potential difference. These chips have an inert
support which is responsible to carry out microarrays of 100-1000 of single strand DNA molecules with various

base sequences.

Conclusion

Nanotechnologies cover every field of science, including physics, chemistry, biology, materials science,
computer science, and engineering. Nanotechnology represent versatile research area, which involves

structures, devices, systems and functions due to the arrangement of their atomic range 1-100 nm scale.
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ABSTRACT

The present research paper provides a concise overview of the investigation into the behavior of binary liquid
mixture of DETA (Diethylenetriamine) and n-propyl acetate based on NOMOTO's theory and various parameters
studied. The study explores the classification of binary mixtures into distinct categories according to their sound
velocity curves, shedding light on their unique characteristics. Investigated parameters include adiabatic
compressibility, molecular free length, molecular free volume, internal pressure, relaxation time, Wada’s and
Rao’s constants, density, viscosity, molar cohesive energy, Gibb’s Free Energy, available volume, and acoustic
impedance. By examining these parameters, the research aims to deepen understanding of molecular interactions,
structural changes, and thermodynamic properties within binary liquid mixtures. The findings contribute to
diverse fields such as acoustics, thermodynamics, and materials science, offering valuable insights for further
research and practical applications.

Keywords: Ultrasonics, DETA, Acoustics, Thermodynamics, Binary Mixtures.

I. INTRODUCTION

The study of ultrasonic, thermo-physical and thermodynamic properties of liquid mixtures holds significant
importance in unravelling the complexities of molecular interactions, structural behaviours, and physicochemical
characteristics. By delving into these properties, researchers aim to deepen their understanding of both inter- and
intra-molecular forces, validate various liquid state theories, and glean insights into the behaviour of liquid mixtures.
This pursuit has led to the development of innovative techniques, such as the use of multi-frequency ultrasonic
interferometers, to precisely measure the velocity of sound in liquids. These instruments allow for meticulous
investigations into the thermodynamic properties of solutions, shedding light on deviations from ideality and
offering quantitative assessments of molecular structures and intermolecular forces within liquid mixtures.

Theoretical and experimental explorations into excess thermodynamic properties have become a cornerstone of
research in this field, providing invaluable insights into the nature of molecular interactions and the structural
characteristics of liquid mixtures. Physiochemical properties like density and ultrasonic velocity are increasingly
being utilized as tools to probe the properties of pure components and unravel the intricate web of intermolecular
interactions within binary mixtures. The significance of studying the thermo-physical and thermodynamic properties
of multi-component liquid mixtures lies in their ability to unveil new phenomena that are absent in pure liquids,
such as unique phase equilibrium induced by variations in component proportions. Furthermore, these studies offer

Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
and reproduction in any medium for non-commercial use provided the original author and source are credited.
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a direct avenue for investigating various parameters governing liquid mixtures, ultimately contributing to a more
profound comprehension of molecular interactions and their ramifications.

Ultrasonic interferometers serve as indispensable tools in this research endeavour, providing accurate and consistent
data for determining the velocity of ultrasonic sound in liquid media. These devices operate by generating ultrasonic
waves through various methods, including mechanical means, piezoelectric generators, and magnetostriction, with
the resulting sound waves propagating through the medium and interacting with its molecular structure. By
employing fixed frequency variable path interferometers, researchers can measure the wavelength of sound in
experimental liquids, allowing for the calculation of sound velocity. This velocity, in turn, provides insights into the
compressibility of the medium, with high compressibility materials exhibiting lower velocities. Adiabatic
compressibility, a key parameter in this context, reflects the relative volume change of a fluid in response to
pressure variations and can be calculated using the density and velocity of the sound wave through the medium.

In this paper, we delve into the detailed exploration of ultrasonic, thermo-physical, and thermodynamic properties
of liquid mixtures, leveraging advanced experimental techniques and theoretical frameworks to unravel the intricate
molecular dynamics underlying these systems. Through meticulous analysis and interpretation of experimental data,
we aim to deepen our understanding of molecular interactions, structural behaviours, and physicochemical
characteristics in liquid mixtures, paving the way for advancements in various scientific and industrial applications.

II. METHODS AND MATERIAL

2.1. Ultrasonic Interferometer Setup:

An Ultrasonic Interferometer was employed to accurately determine the velocity of ultrasonic waves in liquid
mediums. The setup consisted of a double-walled brass cell with chromium-plated surfaces, allowing for water
circulation around the experimental liquid to maintain a constant temperature. The cell had a capacity of 10 ml and
was equipped with a micro-meter scale marked in units of 0.01 mm, facilitating precise measurements. Ultrasonic
waves of known frequency were generated by a quartz crystal fixed at the bottom of the cell, while a movable
metallic plate parallel to the quartz plate reflected the waves. Standing waves were produced in the liquid medium
when the separation between the plates was exactly an integer multiple of half the wavelength of sound, indicating
acoustic resonance.

2.2.  Working Principle:

The measurement of ultrasonic velocity was based on the accurate determination of the wavelength in the medium.
Ultrasonic waves produced by the quartz crystal were reflected by the metallic plate, and standing waves were
formed when the separation between the plates corresponded to an integer multiple of the sound wavelength. This
acoustic resonance resulted in a maximum electrical reaction on the generator driving the quartz crystal. By varying
the separation between the plates and observing changes in the anode current, the wavelength of sound was
determined. The velocity of ultrasonic waves in the liquid was then calculated using the relationship: Velocity =
Wavelength x Frequency.

2.3. Experimental Procedure:

The cell was filled with the experimental liquid, ensuring excess liquid was wiped away. The cell was clamped
securely in the base socket, and the high-frequency generator was connected to the cell using a coaxial cable. The
frequency selector knob on the generator was set to the desired frequency. The micro-meter was adjusted slowly
until the anode current on the generator displayed a maximum or minimum. Readings of the micro-meter
corresponding to the maximum or minimum were recorded, and approximately 50 consecutive readings were taken.
The average of all differences (1/2) was calculated to determine the wavelength, and subsequently, the velocity of
ultrasonic waves in the liquid was calculated.
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2.4.  Technical Specifications:

The high-frequency generator was designed to excite the quartz crystal at its resonant frequency to generate
ultrasonic waves. The measuring cell maintained the temperature of the liquid constant during the experiment and
featured a fine digital micro-meter screw for adjusting the reflector plate. The shielded cable, approximately 50 cm
in length, connected the generator to the cell.

2.5. Precautions:

Several precautions were observed during the experiment to ensure accurate measurements and prevent damage to
equipment. These precautions included avoiding tilting or horizontal positioning of the cell, filling the cell with
experimental liquid before switching on the generator, and maintaining cleanliness and proper storage of equipment
after use.

2.6. Observation:
The least count of the micro-meter of the interferometer was determined, and the frequency of the interferometer
used was noted (1 MHz).

IILRESULTS AND DISCUSSION

3.1 Nomoto's Classification:

Nomoto's theory categorizes binary liquid mixtures into six groups based on the behaviours of sound velocity
curves:

Linear velocity curve.

Maximum sound velocity.

Minimum sound velocity.

Concave upwards velocity curve.

Convex upwards velocity curve.

Presence of inflection points for both ultrasonic velocity and molecular adiabatic compressibility.

oA~ E

TABLE-1: Indicates n-Propyl Acetate and DETA mixture’s Density, Mole Fractions, Viscosity, Refractive
Index, Ultrasonic velocity, Adiabatic Compressibility

”ésg&‘:é" DETA Deg;‘ity F:\:é’t'i%n Fl\;’é’t'i%n Viscosity | R.I.of | Ultrasonic 5
A) (B) Mixture of A of B of Mixture | Mixture | Velocity U >
0 10 955 0 1 0.04 1.484 1706.6 3.59528E-10
1 9 948.5 0.094695 | 0.905305 | 0.033423 | 1.474531 1621.8 4.00837E-10
2 8 942 0.19053 0.809487 | 0.027867 | 1.464949 1555.2 4.38911E-10
3 7 935.5 0.287474 | 0.712526 0.023185 | 1.455253 1507.8 4.70185E-10
4 6 929 0.385598 | 0.614402 | 0.019247 | 1.44544 1469 4.98816E-10
5 5 922.5 0.484908 | 0.515092 | 0.015942 | 1.435509 1595.4 4.25887E-10
6 4 916 0.585423 | 0.414577 | 0.013174 | 1.425458 1355.4 5.94251E-10
7 3 909.5 0.687168 | 0.312832 | 0.010862 | 1.415283 1247.2 7.06846E-10
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8 2 903 0.790163 | 0.209837 | 0.008934 | 1.404984 1230.8 7.31033E-10
9 1 896.5 0.894432 | 0.105568 0.00733 [ 1.394557 11744 8.13831E-10
10 0 890 1 0 0 1.384 1175 8.13831E-10

TABLE-2: Indicates Molecular Free Length, Acoustic Impedance, Molar Volume, Available Volume, Molar

Free Volume, Internal Pressure, Relaxation Time

F%Z'T:Ag:h Acoustic Molar Available Molar Free IID?S;E?Q Re!axation
(L) Impedance | Volume (Vm) | Volume (Va) | Volume (Vs) ) Time (t)
3.97818 x 10M-11 | 1629803 | 0.000108031 | -7.19759x10° | 1.04297x10° | 10615212 | 1.91748x10"!
4.20051 x 10”11 | 1538277 0.000108668 | -1.4806x10° | 1.26322x10° | 9897513 | 1.78627x10™
4.39548 x 1011 | 1464998 0.000109313 | 3.06075x10° 1.5558x10° | 9176549 | 1.63084x107'!
454938 x 10n-11 | 1410547 | 0.000109965 | 6.33671x10° | 1.95426x10° | 8451960 | 1.4535x10"!
4.68585 x 10n-11 | 1364701 | 0.000110624 | 9.05738x10° | 2.48099x10° | 7756671 | 1.28009x10*
432977 x 10n-11 | 1471757 0.000111292 | 3.19965x107 | 3.71942x10° | 6734412 9.0526x10712
5.11449 x 10"-11 | 1241546 0.000111968 | 1.71171x10° | 3.8711x10° | 6602842 | 1.04384x10*
5.57802 x10"-11 1134328 0.000112652 | 2.48399x10° | 4.55731x10° | 6212971 | 1.02367x10*
5.67266 x 10”11 | 1111412 0.000113345 | 2.61544x10° 5.9799x10° | 5638183 | 8.70791x107'?
5.9666 x 10"-11 1052850 0.000114046 | 3.03363x10° | 7.48706x10° | 5196889 | 7.90471x10?2
5.98529 x 107-11 | 1045750 0.000114756 | 3.04821x10° | 1.01021x10® | 4671903 | 6.51065x10*2

TABLE-3: Indicates Gibb's Free Energy, Enthalpy, Wada's Constant, Rao's Constant, Molar Mass,

Wavelength
Gibb's Free Energy | Molecular Wada's Rao’s Effective Mass | Wavelength of

(AG) Cohesive | Constant (W) Constant or Molar Mass Ultrasonic
Energy or or )Molar (Mefr) Waves in

Enthalpy Velocity (R) Mixture (m)
2.05586*10"(-20) 1146.7764 0.0024 0.001291 0.10317 0.001707
2.0256*107(-20) 1075.5451 0.002377 0.001277 0.103072 0.001622
1.98674*10"(-20) 1003.1121 0.00236 0.001266 0.102972 0.001555
1.93761*10/(-20) 929.41645 0.002351 0.001261 0.102872 0.001508
1.88338*10"(-20) 858.07767 0.002345 0.001258 0.10277 0.001469
1.73549*10"(-20) 749.48824 0.002413 0.0013 0.102667 0.001595
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1.79629*10"(-20) 739.30868 0.002315 0.001239 0.102563 0.001355
1.78796*10"(-20) 699.90643 0.002273 0.001213 0.102457 0.001247
1.71892*10"(-20) 639.06031 0.002276 0.001215 0.102351 0.001231
1.67762*10"(-20) 592.68574 0.002257 0.001203 0.102242 0.001174
1.5948*107(-20) 536.12969 0.002269 0.001211 0.102133 0.001175

3.2.  Adiabatic Compressibility (Bs):

Adiabatic compressibility reflects molecular orientation and intermolecular association in the mixture. It's expected
to be constant for un-associated molecules. Changes in compressibility indicate variations in intermolecular
interactions and cohesion, affecting sound velocity.
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Mole Fraction of n-Propyl Acetate in DETA

3.3. Molecular Free Length (Lf):

Molecular free length, inversely related to ultrasonic velocity, indicates molecular interaction strength. Decrease in
free length with solute concentration suggests specific molecular interactions, influencing sound velocity and
compressibility.
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3.4. Molecular Free Volume (V):
Molecular free volume, crucial for understanding liquid properties, reflects molecular arrangement and interactions.

It affects compressibility and sound velocity, providing insights into molecular structure.
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3.5. Internal Pressure:
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Mole Fraction of n-Propyl Acetate in DETA

Internal pressure, a measure of cohesive forces within liquids, influences energy levels and relaxation times.
Changes in internal pressure reveal information about solute-solvent interactions and solubility characteristics.
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3.6. Relaxation Time (7):
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Relaxation time, linked to absorption coefficients, reflects the time taken for excitation energy to translate into
molecular motion. Dispersion in sound velocity provides insights into relaxation processes.
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3.7. Wada's and Rao's Constants:
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Wada's and Rao's constants, related to molar compressibility, indicate intermolecular interactions. Their variation
with solute concentration suggests changes in liquid structure.
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3.8. Density and Viscosity:
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Changes in density and viscosity with solute concentration influence sound velocity. Decrease in density indicates
weak solute-solvent associations, while viscosity variations suggest alterations in molecular interactions.
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3.9. Molar Cohesive Energy or Enthalpy:
Molar cohesive energy represents the energy required to break intermolecular bonds. It's essential for understanding
molecular interactions and stability.
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3.10. Gibbs Free Energy:

Gibbs free energy signifies a system's ability to do non-mechanical work at constant pressure and temperature.
Minimum Gibbs free energy indicates equilibrium.
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3.11. Available Volume:

Available volume reflects liquid compactness and binding strength. Greater available volume suggests less
compactness and weaker binding.

ilable Volume (Va)
9.05738x10-6 -| .
7.1975x10-6{ =
633671x1064 | o
3.19965x10-7 | \ J .
3.06075x10-6 -| \ W \
3.04821x10-5 -| \ / \ .
3.03363x10-5 “‘ / ‘:‘ -
2.61544x10-5 | ¥ o e
2.48399x10-5 | “‘ ‘:‘ \ a7
1.71171x10-5 | \ / .
-1.4806x10-6 .

T T T T T T
0.0 0.2 04 06 0.8 1.0
Mole Fraction of n-Propyl Acetate in DETA

3.12.  Acoustic Impedance (z):
Acoustic impedance, related to density and velocity, influences sound transmission and reflection at material
boundaries. It aids in ultrasonic transducer design and absorption analysis.
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These parameters collectively offer comprehensive insights into the physical and chemical properties of binary
liquid mixtures, aiding in their characterization and understanding.

IV.CONCLUSION

In conclusion, the study investigated the acoustical and thermodynamic properties of a binary liquid mixture
containing n-propyl acetate in DETA. Through a comprehensive analysis of various parameters such as density,
viscosity, refractive index, ultrasonic velocity, adiabatic compressibility, molecular cohesive energy, Gibbs free
energy, Wada's constant, Rao's constant, internal pressure, relaxation time, molecular free length, molecular free
volume, and acoustic impedance, several key insights were gained into the molecular interactions within the mixture.
The findings revealed a complex interplay between the concentration of n-propyl acetate and the observed
properties, indicating variations in molecular structure, association, and intermolecular forces. Overall, this research
enhances our understanding of binary liquid mixtures and provides valuable information for applications in fields
such as chemical engineering, materials science, and pharmaceuticals. Further studies could delve deeper into the

specific molecular interactions and their implications for the behaviour of binary liquid systems.
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ABSTRACT

Ferrite materials are significant class of magnetic materials owed great significance over the past few decades
in general and nanoferrites in particular. The ferrite materials are subclass of magnetic oxides with iron oxide
as their primary component. The types of metal atoms, their ratio and their geometric arrangement within
the interstices of the closed packed cubic array of oxygen atoms in the spinel structure determine the
fundamental features of ferrites. Due to extensive contributions of these materials they are widely used in
energy storage devices, communication electronics, magnetic recording materials and microwave absorption
devices. Considering vital aspect of nanostructured phase and its significant impact on the structural, surface
reactivity, electrical and magnetic characteristics of ferrite, nanostructured ferrites have attracted researchers
toward these materials. The objective of the present paper is to provide an overview of the research carried
out by various researchers on spinel structured nanoferrites, their classification, Synthesis methods,
characteristics and possible applications in many industrial and technological domains.

Keywords : Spinel, Ferrite, Nanoferrite, Communication electronics, Microwave absorption.
I. INTRODUCTION

The Ferrites were first synthesized in 1930 by researchers. Magnetic materials are broadly categorized as
Ferromagnetic, paramagnetic and diamagnetic. Ferrites are ceramic substances created by chemically
combining iron oxides with one or more metals. Iron oxide and any other divalent element are the two metallic
oxides that are combined to form ferrites (Ni, Mn, Mg, Zn, Cu, Fe, etc.). Excellent magnetic and electrical
characteristics can be found in ferrites. Ferrimagnetism is a behaviour in which the strength of the magnetic
moment is greater in one direction than the other [1]. Ferrites have a variety of benefits, including as strong
electrical resistivity, low eddy current loss, high permeability and time-temperature stability, a broad
frequency range, shape flexibility, and low cost. Ferrites are used in permanent magnets, magnetic shielding,
magnetic sensors, magnetic recordings, communication, electronic devices, gyromagnetic devices, medical

devices, transformers, sensors, pollution management, catalysis, pigments, microwave absorption as well [2].
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O'Connor in 1999 demonstrated a significant class of materials called ferrite have potential uses in magnetic
recording, transformer cores, and integrated circuits.
Nanoferrites: Due to the unique characteristics and potential technological applications, ferrites have received a
great attraction from the scientific community, particularly when the particle size is close to the nanoscale
range.
In physics, chemistry, medical sciences, material engineering, as well as other multidisciplinary domains,
research on nano-crystalline materials is ongoing. To meet the growing technological demand, material science
research is now concentrated on the development of new materials with improved qualities and cutting-edge
synthesis methods. Ferrites' use in the downsizing of electronic devices depends on their electrical and
magnetic properties at the nanoscale. For high density magnetic storage medium, high speed digital tape, disc
recorders, microwave devices, etc., nano-sized ferrites are used.
Due to their numerous applications and unique features, nanomaterials are the focus of study. Magnetic
nanoparticles are frequently used in ferrites, a type of ferromagnetic compounds having chemical formula
MgFe204, where M is any one of several divalent metallic metals including Mg, Fe, Co, Ni, Cu, etc. Recent
scientific research has focused on nanoferrites as an emerging field, both from a synthesis and an application
standpoint [3]. The synthesis methods and the sintering environment have a significant impact on the
characteristics of nanoferrites. So, the synthesis for achieving high-quality ferrites is choosing an acceptable
techniques [4-6]. Ferrites have been synthesized via the sol-gel auto-combustion method, which has shown the
capacity to adjust particle size, size distribution, chemical stoichiometry, and cation occupancy.
Coercivity-based Classification of ferrites: Based on Coercivity, ferrites are classified as
"soft" or "hard" ferrites, which relates to their low or high magnetic coercivity.
Soft Ferrites (SFs): Ferrites that easily magnetize and demagnetize are soft in nature. For soft ferrite, the
hysteresis loop is tiny and sharp. They are independent of the magnitude of the magnetic field and have a low
coercive field. Soft ferrites possess high permeability, low coercivity, and high saturation magnetization.
Hard ferrites (HFs): They are utilised as permanent magnets because they can retain their magnetism after
being magnetized. Hard ferrites are also referred to as permanent magnetic materials. Hard ferrites are
ferrimagnetic materials with a rising magnetization curve over time, a large hysteresis loop, and energy losses.
Hard ferrites can be prepared by heat and rapid cooling. To magnetize and demagnetization is difficult for
these materials.. Iron and barium or strontium oxides are combined to prepare hard ferrites. High saturation
flux density, low susceptibility and permeability, high eddy current losses, high retentivity, and high coercivity
are all characteristics of hard ferrites. Therefore, permanent magnets, DC magnets, loudspeakers, etc. uses hard
ferrites [7].

L. SYNTHESIS OF FERRITES

The process used to prepare ferrites affects their structural, optical, magnetic, electrical, and electromagnetic
properties. Preparation, sintering environment, temperature, pace, and duration also taken into account. There
are several Methods of synthesis for ferrites reported, including Co-precipitation, the sol-gel method, the
hydrothermal process, and ceramic method.
1. Co-precipitation method: The most straight forward and practical approach for creating magnetic
particles is chemical co-precipitation. This approach uses a precipitation reaction of two or more
cations to create a homogenous composition. In this process, nucleation, growth, coarsening, and

agglomeration all take place at the same time [8]. With the co-precipitation method, precipitation is
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carried out by dripping a mixed solution comprising chloride of cations (Fe, Sr, etc.) into a
NaOH/Na2COs solution.

2. Sol-gel method: The sol-gel process is a chemical route for the low temperature synthesis of single and
multiple component materials in the form of ultrafine powders [9]. Sol gel is the multi-step process
involving chemical and physical processes associated with hydrolysis, polymerization, gelation,
condensation, drying and densification. Synthesis of substances from a chemical solution through
gelation constitutes the sol-gel method. The two methods are an inorganic route utilizing metal
compounds in aqueous solution (chloride, oxychloride, and nitrate) and the metal-organic route
employing metal alkoxides in organic solvent. As compared with metal alkoxides, the inorganic route is
considerably more economical and controllable; however, control over their reactions is more
challenging. This approach enables greater precision in regulating the formation of phases, attaining the
intended stoichiometry, and ensuring particle size uniformity [10-12]. Soluble-gel processing differs
from solid-state reaction in that it produces homogeneous single-phase ceramics without the need for
milling procedures; this eliminates the possibility of a potential source of contamination. The elemental
distribution within the gel is uniform. Among the drawbacks of the sol-gel technique are the needs for
raw materials.

3. Hydrothermal method: hydrothermal technique is one of the most popular method to prepare ferrites.
This method is easy, inexpensive and popular. By using this method, multi-metal oxide compounds can
be produced at a faster rate. A mixture of base and metal salts is autoclaved under pressure during
hydrothermal synthesis process [5]. By using a high vapour pressure and aqueous solutions, crystalline
structures (films, nanoparticles, single crystals, etc.) have been created. The particle size is determined
by the rate of hydrolysis and the solubility of the metal oxide during this procedure. The advantages of
this non-conventional process are high purity, chemical homogeneity, small and uniform particle size,
and controlled particle shape. The drawbacks associated with this synthesis method are prior
knowledge on solubility of starting materials, the expensive autoclave, hydrothermal slurries are
potentially corrosive, accidental explosion of the high-pressure vessel, etc.

4. Ceramic method: The conventional ceramic method is used for synthesizing a variety of materials
including nitrides, aluminosilicates, sulfides, and mixed metal oxides. In this synthesis method, a
number of stages are required such as two or more solid compounds are homogenously mixed, then
grinding them to regulate the particle size in a wet medium, compaction and heating at an elevated
temperature [13-14]. However, an elevated temperature (around 500-2000 °C) is required for this
method as the process requires consumption of a considerable energy for overcoming the lattice energy
so cations/anions could diffuse into an altered site. The anticipated compound is decomposed at
elevated temperatures. In general, the reaction rate is slow but the increment in the temperature
fastens the reaction as the diffusion rate increases until the solid form does not reach the melting point.
The properties of HFs and SFs are most commonly determined by the synthesis processing method. The
difficulty of producing a fine, uniform powder devoid of impurities and with simple particle

agglomeration can be deduced.

IL. FERRITE'S PROPERTIES

Ferrites are appropriate for a variety of applications because to their profound characteristics. The most

significant characteristics of ferrites that result from the spin moment of the unpaired 3d electron of the
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transition element are their magnetic properties. Other remarkable characteristics of ferrites are electrical
conductivity, Curie temperature and magnetic crystallographic anisotropy.

Electrical Conductivity: The electrical conductivity of Ferrites is primarily because of the hopping conduction
i.e. hopping of electrons between their ions. This has multiple valence states and is randomly distributed
throughout the sub-lattice.

Curie Temperature: The strength of the A-B interaction between the cations present at two distinct sites, A and
B, is determined by the ferrites' Curie temperature [15]. In general, the Fe3+ - Fe3+ interaction, which is the
coupling of 3d electrons, determines the magnetic characteristics. Magnetization and Curie temperature are
changed by doping of rare earth metal ions to the spinel lattice.

Crystalline Magnetic Anisotropy: Spin orbit coupling contributes and favors the alignment of the magnetic

moment along one crystallographic direction causes magnetic crystalline anisotropy to appear.

III. APPLICATIONS OF FERRITES

Ferrites are the most significant magnetic substance used in electronic equipment for data processing, military
communications and home appliances. Due to their technical significance, the significant structural, electrical
and magnetic qualities are bestowed in a variety of disciplines.

High Frequency Devices: For high frequency devices, ferrites are a suitable components. Ferrite materials are
suitable as core for the inductors and transformers because of their excellent electrical properties, high
saturation magnetization and good magnetic properties [16-18].

Catalysis: In a liquid-phase reaction, magnetic separation of catalysts is more simpler than filtration and
centrifugation. Nanostructured magnetically separable catalysts may benefit from both facile separation of
expensive reactants and excellent catalytic efficiency. The most typical iron oxide catalysts are magnetite and
hematite. Additionally, there has been extensive research done on the catalytic activity of heterogeneous
catalysts including iron oxide.

Microwave: Ferrites have been used in microwaves since the Faraday’s era. Ferrites and electromagnetic
radiation interact in a way that resembles Faraday's law. Magneto optical medium rotating. Polder came up
with theory describing how a magnetized ferrite interacts with the electromagnetic field. In fact, in order to
determine the tensor character of using the same ferrites at microwave frequencies similar to a magneto optics
method. Ferrites were created for those Circuits where radio and video suffer from severe microwave
frequency loss [19-23]. Particularly low-loss ferrites must be used in wireless circuits. Circulators, isolators,
phase shifters and patch antennas are examples of current planar microwave magnetic devices in this class,
where the behavior of the system should be described using the entire set of Maxwell's equations because the

EM field changes significantly with ferrite size [24]. The wavelength of a different class of devices, known as
magneto static wave (MSW) devices, is comparable to the size of the device, allowing propagation effects, or
the displacement current term in Maxwell's equations, to be ignored.

Medicines: Due to excellent chemical stability and magnetic properties, ferrite nanoparticles have major
applications in magnetic resonance imaging, magnetic extraction and targeted medication administration. The
demanding applications in medicine for MRI, hyperthermia, targeted drug administration, biosensors, gene
transfer, cell separation and magnetically mediated separation of bio-molecules have attracted major interest to

magnetic nanoparticles as sealants, lubricants and coolants. Particles that display super paramagnetic behavior
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at ambient temperature are necessary for these applications because they can exhibit magnetic properties in
presence of external magnetic field and instantly disperse when the magnetic field is taken away [25-28].

Water Purification: Ferrites are astonishing materials for the adsorption of contaminants from waste water due
to their high magnetization, restricted size distribution, hierarchical porous structure, and hierarchical porous
structure. Bulk iron oxide exhibits the ability to reduce different hazardous substances and compounds in

aqueous solutions [29-30].
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ABSTRACT

In this study, pure SnO2 with V205 nanopowders were synthesized using a sol-gel method with varying V20s
ratios. Thin films of SnO2:V20s were then produced through thermal vacuum deposition and utilized for gas
sensor devices to detect volatile organic compounds and hazardous gases. The morphological, crystalline
structure, textural properties, functional groups, optical properties, and thermal behavior were investigated
using XRD. The XRD patterns revealed that the average crystallite sizes decreased from 7.8 nm to 4.5 nm
with increasing V20s concentration. XRD analysis showed that the synthesized nanomaterials consisted of
mesoporous networks of aggregated nanoparticles with a nearly spherical shape. The incorporation of V20s
into SnO2 nanopowders enhanced the structural and textural features necessary for gas sensor applications.
Furthermore,composite with different weight of percentages V20s improved the gas response time and
sensitivity. The electrical behavior of the sensors was evaluated by measuring the resistance of two deposited
platinum electrodes for various gases (LPG, H2, NHs, and acetone) at different temperatures.

Keywords- SnO2,V20s, Nano-powder, Thin films, Gas sensor devices
I. INTRODUCTION

In many cases of environmental hazards, air pollutants are undetectable or invisible due to the nature of the
emitted gases themselves. There are only a limited number of stationary or mobile monitoring stations available,
primarily because of their high installation costs and the need for consistent maintenance to ensure their
continued high performance and operation. =~ According to the World Health Organization (WHO), Organic
Volatile Compounds (VOCs) are substances with a boiling point below 250°C at standard atmospheric pressure.
These compounds, including acetone, ethanol, and ammonia, are recognized as major toxic pollutants. They are
characterized by their low molecular weight, typically less than 100 g/mol. Acetone, for instance, is a clear and
colorless liquid classified as hazardous waste. Exposure to acetone, even at concentrations as low as 173 ppm,
can lead to nerve and throat damage in humans. Therefore, there is a critical need for improved methods to
detect and monitor these harmful pollutants. Traditional detection methods for air pollutants include
spectrophotometry, chromatography, electrochemical analysis, catalytic luminescence, and gas sensors. Among
these, gas sensors have emerged as one of the most effective detection techniques for monitoring air quality and
identifying pollutants [1-2].
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Tin dioxide (SnO2) has garnered significant attention in research due to its ease of fabrication into thin films
through various methods. It is widely regarded as one of the most promising sensing materials for gas sensor
technology. This is attributed to its exceptional electrical, physical, chemical, and optical properties. As a wide-
bandgap semiconductor with an energy gap (Eg) of approximately 3.6 eV, SnO: offers unique characteristics
that make it particularly suitable for gas sensing applications.

The sensitivity and selectivity of sensor devices are heavily influenced by the choice of sensing materials. The
morphological and compositional structure of nanomaterials play a crucial role in determining their sensing
characteristics. Various morphological structures of SnO: nanomaterials have been prepared, including
nanorods/belts, nanofibers, nanoparticles, hollow spheres, and 3D hierarchical nanostructures. Modulating the
composition, size, and morphology of these materials can significantly impact their performance. Significant
efforts have been made to enhance the gas sensing properties of SnO2-based devices through the decoration of
SnO:2 with noble materials and doping with other elements.Vanadium can exist in different oxidation states,
including +2, +3, +4, and +5, and forms various phases such as VO, VO, V205, and V20s.

Among these phases, V205 possesses a relatively low energy gap of 2.2 eV. Vanadium pentoxide (V20s) is not
only an important catalyst but also functions as an n-type semiconductor, promoting reactions for various
compounds such as ammonia and hydrogen. Additionally, V20s exhibits sensing properties towards volatile
organic compounds (VOCs). It has garnered attention for its ability to detect gases like acetone, ethanol, and
organic amines, making it highly suitable for indoor gas detection, drunken driving tests, and even disease
diagnosis. Furthermore, V20s can be utilized to enhance the response of SnO: sensors, further highlighting its
potential in gas sensing applications. The method of preparation significantly influences the sensitivity and
response of gas sensors. Factors such as selectivity, sensitivity, and degradation of performance over time
depend on internal porosity, particle size, and surface morphology of the sensor material. Various techniques
have been employed to fabricate SnO: and SnO: films, including thermal vacuum evaporation, vapor
condensation, metalorganic deposition, magnetron sputtering, spray pyrolysis, and chemical vapor deposition.
Each of these methods offers unique advantages and allows for the control of different aspects of film properties,
contributing to the optimization of gas sensing performance [3-4].

In the present work, pure SnO2and V205 composite SnO2metal oxide nanopowders were synthesized using the
sol-gel technique, known for its ability to produce ultrafine porous powders with high homogeneity.
Subsequently, thin films of pure SnOzand V20s composite SnO2 were fabricated via thermal vacuum
evaporation using the synthesized nanopowders. Various composite amounts of V20s (0, 1, 5, 10 wt%) were
added to SnO: nanocrystalline sensors with the aim of enhancing their sensing properties towards different
gases such as H2, LPG, ammonia, and acetone. The study includes a comparative analysis of the sensing

performance between pure and V20s composite SnO2 nanoparticles.

2. Experimental method

Preparation of SnO:z and SnO2:V20s Nano-powders: The experimental setup for synthesizing pure SnO: and

Sn02:V20s nanopowders involves the following steps:-

Materials: SnCls.2H20 (Sigma-Aldrich, Germany, 98%), HCl (ACROS ORGANICS, Germany, 37%), and V20s

(Sigma-Aldrich, Germany, 299.6%) are used. These materials are sourced from reputable suppliers.
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Preparation of SnO2 Nanopowders: Tin chloride dihydrate (SnCl2.2H20) is placed in a beaker, and then water
is added to dilute it. Hydrochloric acid (HCI) is added gradually until the solution reaches a pH of

approximately 1, and the mixture is stirred continuously [5].

Composites with V20s: An aqueous acidic solution of V205 is added to the SnO:2solution in different ratios (0,
1,5, and 10 wt% of V20s) for the Composites process.

pH Adjustment: Ammonia solution is then slowly added to the mixture while stirring until the pH of the
solution reaches around it. This pH adjustment step is crucial as it helps convert tin chloride into SnO.

Stirring and Mixing: The solution is continuously stirred and mixed to ensure homogeneity and proper
incorporation of V20s .

This experimental setup enables the synthesis of pure SnO2and V20s Composite SnO2 nanopowders using the

sol-gel technique, with control over the pH of the solution to achieve the desired properties.

3. Materials Characterization
The physical properties of the prepared SnO:and V20s-based powders were investigated using the following

techniques:

X-Ray Diffraction (XRD): XRD patterns of the nanopowders were obtained using a Shimadzu 7000
Diffractometer. The instrument operated with Cu Kol radiation (A=0.15406 nm) generated at 30 kV and 30 mA,
with a scan rate of 2°/min for 20 values ranging between 20° and 80°. This analysis allowed for the
determination of crystal structure and phase composition.

In addition to the previously mentioned techniques, the physical properties of the prepared SnOzand V205 -

based nanopowders were further investigated using the following methods [6-7].

Optical Properties Measurements: Optical properties of the fabricated thin films were measured in
transmittance and absorbance modes using a double-beam spectrophotometer (UV-Vis, Spectro Double 8 Auto
cell). This analysis helps characterize the optical transparency and absorption properties of the thin films.

These additional techniques offer comprehensive insights into the structural, morphological, compositional,
and optical properties of the synthesized nanopowder, which are crucial for understanding their potential

applications.

Devices Fabrication- Cleaning the substrates that are 1 mm thick of microscope glass slides is done by placing
them in methanol solution, then in acetone and washing several times with distilled wateranddrying.PureSnO2
and Composite SnOzwithvarious V20s amounts (1, 5 and 10 wt%) thin films, Thin films of V:0s at
concentrations of 1%, 5%, and 10% by weight are deposited onto cleaned glass substrates using a thermal
vacuum evaporator (Model EDWARD "auto 306"). The deposition process involves placing the prepared
powders in tungsten boats, which are then exposed to an electric heater to evaporate the nanopowders under a
vacuum of approximately 10-¢ Pa. The deposition parameters include a current ranging between 20-25A and a
constant deposition time of 30 minutes for each condition. After the evaporation process, the substrates are
cooled to room temperature, and a copper mask is fixed onto the thin films. Finally, platinum electrodes are
deposited onto the films using a sputtering instrument (Model Hummer TurboSputtering RF and DC)

operating at a power of 100 W and a deposition time of 5 minutes.

4, Results and Discussions
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The characterization of the prepared SnO2and V20s -based powders through X-ray diffraction (XRD) analysis
elucidates the influence composite on SnO: The XRD patterns of the nanopowders correspond with those
reported in the JCPDS data (Card No. 41-1445) for the tetragonal rutile SnO:zstructure, as depicted in Figure 1.
Specifically, the pure SnO2sample exhibits three major peaks [8-9] appearing at 26 values of 26.58°, 33.89°, and
51.92°.

Importantly, no crystalline phases corresponding to vanadium or other vanadium compounds are detected in
the XRD patterns. This absence suggests that vanadium may be incorporated into the tin oxide lattice, as
illustrated in Figure 1(a). With an increase in vanadium concentration, the diffraction peaks shift towards
higher diffraction angles, indicating potential lattice distortion or changes in crystallographic parameters due to
the process. This observation highlights the structural modifications induced by V20s and underscores its

significance in tailoring the properties of the SnO2-based materials for various applications.
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Fig.1 XRD patterns of SnO2 nanoparticles prepared at different composing of V20s
apure, b1 wt%, c5wt%andd 10 wt%

Minor differences in the XRD patterns and their intensity are observed as the percentage of V205 is increased,
indicating varying values of compositing. Additionally, a peak observed at 20 = 29.88° is attributed to the
presence of SnO, according to JCPDS data (Card No. 06-0395). This suggests that both SnO properties of the

SnO2-based materials for various applications.

SnO coexist, even in the as-prepared SnO: or at low ratios of V20s concentration. However, this peak's
intensity decreases with increasing ratio and completely disappears at 10% V205 composing, indicating the
formation of a complete SnO2 crystal structure with a tetragonal rutile structur. For further insight into the
structure analysis, the mean crystallite size (D) is estimated using Scherer’s Equation (1)

D=K 2/ cos© (1)

The crystallite size (D) is calculated using Scherer’s Equation (1), where K is a factor with a value of 0.9, A is the
wavelength of the incident X-ray beam (1.541 A), B is the full width at half maximum (FWHM) of the peaks,
and 0 is the Bragg’s diffraction angle in radians.

Specifically, the crystallite size of the powders, as determined from XRD analysis, ranges from 10.2 to 9.3 nm as
the V20 concentration increases from 0 to 1 wt%, 5 wt%, and 10 wt%, respectively. This indicates a trend of

decreasing crystallite size with increasing V20s concentration, with values ranging from 8.4 to 4.3 nm.
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So observed that there are no significant differences in the microstructure among the samples. The
morphological shape of the nanopowders appears nearly spherical, with nanoparticle diameters ranging from
12 to 23 nm. Additionally, the particle sizes of the nanopowder decrease with an increase in the composite
percentage. This indicates that it has an influence on the particle size distribution and morphology of the
prepared materials.

The optical properties of both pure SnO: and V20s composite SnO: nanopowders after calcination are
investigated using XRD. The absorption spectra of the prepared nanopowders are recorded in the range of 275—
1100 nm. In the absorption spectra, the absorption peak of pure SnO :is observed around 300 nm. However,
with the addition of V20s, the absorption peak shifts, it shifts to 295 nm for 1 wt% V205/SnOz2and to 310 nm
for 5 wt% V20s/SnO: . This shift in the absorption peak suggests changes in the optical properties of the
nanopowders due to the process. The optical properties of both pure SnO: and V20s composited SnO:
nanopowders after calcination are investigated using UV-visible spectroscopy. The absorption spectra of the
prepared nanopowders are recorded in the range of 275-1100 nm. absorption peak suggests changes in the

optical properties of the nanopowders due to the composite process [10-11].

5. Gas Sensing Performance-

To evaluate the sensing characteristics of the fabricated composite SnO2-based gas sensor devices, specific

amounts of gases (hydrogen, ammonia, acetone, and LPG) are injected into a handmade gas chamber. The

concentrations of the injected gases and vapors are calculated in parts per million (ppm) using Equation (2)
C=(22.4pTVS)/(273MV) x1000 (2)

Where C, p, T, M, VS represent the concentration of the examined gases in ppm, the density of liquid vapors
(ammonia and acetone) (gml-1),ambient temperature(K), molecular weight of the liquid vapors (L), VS is the
volume of the tested liquid (u 1), respectively.
Response is a critical factor in determining the performance of gas sensor devices. To assess this, fabricated gas
sensor devices are tested under varying temperatures with different gases.. The gas response is quantified using
the following equation (3)
S= (Ra)/(Rg )x100% 3)
where ( Ra) represents the resistance of the sensor devices in presence of air and (Rg) is the resistance of the
sensor devices in presence of the tested gas.
The output voltage is calculated from the sensor resist following equation
LOD=3.30/S

Variation (Rg) at different temperatures by a small electrical circuit shown in Fig.2, that consisting of load
resistance RL (10 K€), variable resistance of gas sensor.
Rg and power supply 5V,where the multi meter was connected to RL, and the output voltage is measured [12]

V out=5-VL
The gas sensor properties are tested under relative humidity between 40 and 60% for three times. It appears
that there is a decrease in responses as the operating temperature continues to increase. SnO2 gas sensor
exhibits a relatively lower response to acetone, H2, LPG, and NH3 compared to the V20s and SnO2 sensor. The
V20s composite SnO2 sensor, on the other hand, demonstrates significant improvements in responses to these

gases.
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Fig.2 Electrical circuit for measuring voltage of gas sensor

6. The Gas Detection System-

The circuit diagram of a typical gas sensor system is illustrated in Figure (3), This system performs the
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Fig.3 Circuit diagram of gas detection system
e It detects gas leakage using the fabricated sensor.

e Activates an alarm up on gas leakage detection.

7. Conclusions

Pure SnO2 and V205 composited SnO2 nanopowders were successfully synthesized via a sol-gel method,
employing tin chloride dihydrate as the starting precursor. Various ratios of V20s were utilized in the synthesis
process. high-quality SnO: thin films were produced through thermal vacuum evaporation under low pressure
conditions. The maximum gas sensitivity for Hzand LPG was achieved with V2Oscomposited SnO: gas sensors
containing a 5 wt%, reaching 109 % sensitivity at 190°C for H2 and 108% at 210°C for LPG. For ammonia vapor
and acetone vapor, the optimal for the best sensitivity was found to be 1 wt% V20s composited SnO: gas
sensors, yielding 132% sensitivity at 250°C for ammonia vapor and 102% at 260°C for acetone vapor. The sensor

voltage variation for H2and LPG was high across all fabricated sensors, while for NHs and acetone. Introducing
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V20s into the SnO2system is expected to reduce costs compared to noble metal catalysts commonly used for

such purposes, making it useful for commercialization and technological advancements.

8. Acknowledgements: -

The authors are thankful to Vidya Bharati Mahavidyalaya Amravati for providing facilities to carry out the

research work.

References-

10.
11.
12.

Schieweck A.Uhde, E.Salthammer, T.Salthammer, L.Morawska, L., Mazaheri, M., & Kumar, Smart homes
and the control of indoor air quality. Renewable and Sustainable Energy Reviews, 94, 705-718 (2018).

Jalal A. H., Alam, F. Roychoudhury, S., Umasankar, Y .Pala, N., & Bhansali, S. (2018). Prospects and
challenges of volatile organic compound sensors in human healthcare. ACS Sensors, 3, 1246-1263 (2018).
Montero-Montoya, R.; Lopez-Vargas, R.; Arellano-Aguilar, O.: Volatile organic compounds in air: sources,
distribution, expo- sure and associated illnesses in children. Ann. Glob. Health 84, 225-238 (2018)

Hassan, H.S. Elkady, M.F.; Farghali, A.A; Salem, A.M.; Abd El-Hamid, A.L.: Fabrication of novel magnetic
zinc oxide cellulose acetate hybrid nano fiber to be utilized for phenol decon- tamination. J. Taiwan Inst.
Chem. Eng. 78, 307-316 (2017)

Reddy, C.V, Babu, B.; Vattikuti, S.P.; Ravikumar, R.V.; Shim, J.: Structural and optical properties of
vanadium doped SnO2 nanoparticles with high photocatalytic activities. ]. Lumin. 179, 26-34 (2016)
Shanmugam, M.; Alsalme, A.; Alghamdi, A.; Jayavel, R.: Enhanced photocatalytic performance of the
graphene-V205 nanocomposite in the degradation of methylene blue dye under direct sunlight. ACS
Appl. Mater. Interfaces 7, 14905-14911 (2015)

DhayalRaj,A., Mangalaraj, D.; Ponpandian,N.;Yi,]. :Gassings properties of chemically synthesized V205
Thin film. Adv. Mater. Res. 123-125, 683-686 (2010)

Bhati,V.S.; Sheela, D.; Roul, B.;Raliya, R.; Biswas, P.; Kumar,M.;Roy,M.S. ;Nanda,K.K. ;Krupanidhi,S.
B.;Kumar,M. :NO: gas sensing performance enhancement based on reduced graphene oxide decorated
V20s thin films. Nanotechnology 30, 224001 (2019)
Xue,N.;Zhang,Q.;Zhang,S.;Zong,P.;Yang,F.:Highlysensitiveand = selective = hydrogen  gas  sensor.
Sensors(Basel)10,2351 (2017)

Hassan, H.S.; Kashyout, A.B.; Morsi, I.; Nasser, A.A.A.; Ali, I.: Synthesis, characterization and fabrication
of gas sensor devices using ZnO and ZnO: In nanomaterials. Beni-Suef Univ. J. Basic Appl. Sci. 3, 216-221
(2014)

Tan,W.; Ruan, X. ;Yu, Z.;Huang ,X. Fabrication of SnO2 based

acetone gas sensor enhanced by molecular imprinting. Sensors (Basel). 15, 352-364 (2015)
Abokifa,A.A.;Haddad,K.;Fortner,].;Lo,C.S.;Biswas,P.:Sensing mechanism of ethanol and acetone at room
temperature by SnO2nano-columns synthesized by aerosol routes: theoretical calculations compared to
experimental results. . Mater. Chem.A6, 2053-2066 (2018)

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9 E



ICRTMS-2024

International e-Conference on Recent Trends in Material Science

In Association with International Journal of Scientific Research in Science and Technology
Volume 11 | Issue 9 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

Exploring the Intricacies A Tale of Binary Mixtures Density,
Viscosity, Refractive Index, and Molecular Dynamics
Unraveling the Symphony of 2,3 Dichloroaniline & 2

Methoxyethanol From 323.15 Kto 293.15 K A Journey
Through Molecular Interactions

Nemmaniwar. G. Bhupesh*
Department of Physics, Digamberrao Bindu Arts, Commerce and Science College, Bhokar,
Nanded (MS) India.
Watode B. D.

Department of Physics Phulsing Naik Mahavidyalaya. Pusad. Yevatmal (MS). India.

ABSTRACT

A new binary mixture system of 2,3 Dichloroaniline (2,3-DCA) and 2-Methoxyehenol (2-ME) including
those of pure liquids, over the entire composition range were measured at temperatures from 323.15 K to
293.15 K at atmospheric pressure. The physico—chemical properties of density, viscosity and refractive index
for the binary mixtures were determined. The obtained data were compared with those available in literature.
The temperature dependences of the viscosities and densities for the system were described. To investigate
the internal interactions of the binary mixtures. The trend of energetic and charge distribution of all ions and
molecules involved in interactions between the 2,3-DCA and 2-ME.

Keywords : 2,3-DCA and 2-ME, Physico—chemical properties and Molecular Interactions.
I. INTRODUCTION

The physicochemical, thermodynamic and transport properties [1]. of binary liquid mixtures are important in
engineering process industry and studied for many reasons, which may provide more information about
molecular interactions. Generally speaking, knowledge of basic physicochemical properties on the density,
viscosity and refractive index data is an indispensable requirement over a broad range of temperatures 323.15 K
to 293.15 K for the absorption and desorption processes of 2,3-DCA. The present work was mainly focused on
investigating density, viscosity and refractive index data at T=323.15 K to 293.15 K for the whole composition

range that covers the partly industrial applications [2-6]. In addition, the possible intermolecular interaction of
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2,3-DCA with 2-ME was investigated using DMA 35 portable vibrating density meter [7] viscosity by LVDL V-
pro II Brook field viscometer [7] and Refractive indices for sodium D-line were measured by using Abbe’s
refractometer [7]. This work is part of the systematic researches on the physicochemical and thermodynamic
properties of the binary liquid system containing 2,3-DCA with 2-ME are used in petroleum solvents,
fungicides, as an intermediate in the production of agricultural chemicals, azo dyes and pigments and
pharmaceuticals [8]. 2-ME is used as a solvent for many different purposes such as varnishes, dyes, and resins
[9]. 2-ME is a very interesting class of solvent having hydroxyl -OH group and is noted for its donating and
accepting ability. This type of interaction studies (N-H...O— H) plays an important role in biological and drug
synthesis applications. The present work is mainly focused on investigating density, viscosity and refractive
index data at T=323.15 K to 293.15 K of the system 2,3-DCA+2-ME over the whole composition range.
Meanwhile, the work is focused on investigating the possible intermolecular interaction of 2,3-DCA with 2-ME,
using density meter, viscometer and refractometer techniques.
I. METHODS AND MATERIAL

2,3-Dichloroaniline (GC Grade) is obtained from Sigma-Aldrich. 2-Methoxyethanol (AR Grade)
were obtained from M/S Sd. Fine chemical, Mumbai, India without further purification the two liquids
according to their proportions by volume were mixed well and kept 6h in well stoppered bottles to ensure good

thermal equilibrium. These liquids used as solute and solvent.

Measurements

All the measurements are carried out at temperatures 323.15 K to 293.15 K by circulating ethylene glycol +
water around the liquid cell and temperature is thematically controlled with +0.50°C thermocontrole using
Nevitech pvt. Ltd. Mumbai India. The whole of the equipment is standardized with the help of standard
materials like methanol and ethyleneglycol+water (40:60). The densities, viscosities, and refractive index of the
pure components and their binary mixtures are measured by densities, viscosities and refractive index of the
pure components and their binary mixtures were measured by using DMA 35 portable vibrating density meter.
Anton paar Autria (Europe) having accuracy of density 0.001 g/cm3, repeatability 0.0005 g/cm? and resolution
0.0001 g/cm3, viscosity by LVDL V-pro II Brook field viscometer (USA) and Refractive indices for sodium D-

line were measured by using Abbe’s refractometer having accuracy up to the third place of decimal.

II. RESULTS AND DISCUSSION

This paper reports the density, viscosity and refractive index data of the binary system of 2,3-DCA with 2-ME
over the entire binary composition range at T=323.15 K to 293.15 K and atmospheric pressure are reported in
table 1. Table 1 show that the density values gradually decrease with increasing temperature at the same
concentration the density values increasing with increasing concentration of 2,3-DCA at the all temperature.
Table 1: Mole fraction (X) of 2,3-DCA and 2-ME, Density (p), viscosity (n) and refractive index (n) of binary
mixture liquid system of 2,3-DCA+2-ME at 20°C, 30°C,40°C and 50°C.

Mole p gm/cm3 n CP n

Fraction

X 200C | 30°C | 40°C | 50°C | 20°C | 30°C | 40°C | 50°C | 20°C | 30°C | 40°C | 50°C

0.00000 | 0.9642 | 0.9566 | 0.9416 | 0.9226 | 2.14 | 1.34 | 1.25 | 1.15 | 1.4041 | 1.3962 | 1.3934 | 1.3882
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0.08697 | 1.0818 | 1.0170 | 1.0060 | 1.0040 | 2.87 | 2.09 | 1.48 | 1.30 | 1.4407 | 1.4350 | 1.4302 | 1.4208

0.18185 | 1.0943 | 1.0694 | 1.0124 | 1.0098 | 3.32 | 2.42 | 1.74 | 1.45 | 1.4553 | 1.4480 | 1.4448 | 1.4323

0.28576 | 1.1214 | 1.1210 | 1.1196 | 1.0834 | 4.24 | 298 | 2.04 | 1.68 | 1.4813 | 1.4741 | 1.4669 | 1.4616

0.40006 | 1.2224 | 1.2220 | 1.2171 | 1.1243 | 5.21 | 3.52 | 2.33 | 1.90 | 1.5094 | 1.5031 | 1.4969 | 1.4886

0.52637 | 1.2456 | 1.2436 | 1.2316 | 1.2200 | 6.20 | 4.06 | 2.63 | 2.13 | 1.5342 | 1.5239 | 1.5114 | 1.5060

0.66672 | 1.3006 | 1.2750 | 1.2614 | 1.2516 | 7.09 | 455 | 2.96 | 2.38 | 1.5450 | 1.5430 | 1.5311 | 1.5273

0.82356 | 1.3406 | 1.3231 | 1.3141 | 1.3104 | 7.88 | 5.09 | 3.25 | 2.62 | 1.5700 | 1.5560 | 1.5480 | 1.5420

1.00000 | 1.3711 | 1.3684 | 1.3550 | 1.3345 | 8.01 | 5.82 | 3.74 | 2.99 | 1.5990 | 1.5910 | 1.5800 | 1.5630

meanwhile, the density values decreasing with the increase temperature at the same binary
concentration. The viscosity values augment with the increasing mole fraction of 2,3-DCA over the whole
concentration range, meanwhile, the viscosity values decrease with the increasing temperature at the same
composition and this phenomenon is possibly caused by the weak hydrogen bonding interaction [10]. From
above table viscosity values decrease gradually with increasing all temperature at the same concentration and
they increase slowly increasing mole fraction of 2,3-DCA concentration at the same all temperature. The
structural property of liquid and liquid mixtures can be integrated through refractive indices employing mole
fractions. In general refraction increases with molecular weight for symmetric and asymmetric molecules.
Refractive index depend on molecular weight and nature of liquids. It is observed from tablel that refractive
index values decrease with increase of temperature from 323.15 K to 293.15 K.
ITI. CONCLUSION

The density, viscosity and refractive index of 2,3-DCA with 2-ME. The consequences of adding
different amounts of 2,3-DCA and increasing the temperature were investigated. Through density, viscosity
and refractive index measurements, it is established that both the increase in temperature and addition of 2,3-
DCA lead to decreases in Columbic, hydrogen bonding and van der Waals interactions and hence to structural
disorder in the ionic liquid. The results reflect the presence of strong intermolecular interactions in the
mixtures under investigation. The stronger interaction in the binary mixture of 2,3-DCA with 2-ME may be
due to the hydrogen bonding between -NH2 groups in 2,3-DCA and —OH group in 2-ME and -NH: group in
aniline with the hydroxyl groups at the chain terminals of 2,3-DCA molecules. Dispersive forces are also acting
in the 2,3DCA+2-ME mixtures.
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ABSTRACT

The dielectric constant and relaxation time for polyethylene glycol 4000 (PEG4000)-water mixtures with the
entire mole fraction have been determined in the frequency range of 10 MHz to 30 GHz using the time
domain reflectometry method. The dielectric behaviour of polyethylene glycol 4000 was investigated to
understand the effect of the hydroxyl group on the dielectric parameters. The results showed that the
dielectric constant of PEG4000-water mixtures decreased with increasing mole fractions of PEG4000,
indicating a decrease in the overall polarity of the mixture, The relaxation time was found to increase with
increasing mole fractions of PEG4000, suggesting a slower response to applied electric fields.

Keywords : Dielectric constant, polyethylene glycol4000, Time domain reflectometry,

I. INTRODUCTION

The dielectric studies of polymer solutions have been investigated extensively to investigate the hydrogen bond
structures in the polymers [1-5]. Poly ethylene glycols of average molecular weights 300(PEG300), 400(PEG400)
and 600(PEG600) are liquid polymers and have wide range of applications in pharmaceuticals, cosmetic
preparation, industries as solvent, food additives and plasticizers[6]. In general, chemical formula of poly
ethylene glycol (PEG) is given as HO(CH2CH20)nH, where n is the number of repeat units. The chemical
structure of peg4000 is shown in figl. Polyethylene glycol 4000 (PEG 4000) is a water-soluble polymer that can
be used to create high osmotic pressures. peg4000 has hygroscopic nature with molecular weight
4000g/mol.PEG4000 is dihydric alcohol, due to this It has high affinity for water at room temperature 25°C[7-
8].

HO H

Fig.1 Structure of PEG4000
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In the present paper, the detailed dielectric relaxation study of PEG4000 —water binary mixtures have been
carried out using time domain reflectometry (TDR) technique upto 30 GHz. Dielectric relaxation spectroscopy
determines the response of sample to an applied electric field of angular frequency w in terms of complex
permittivity €*(®) = e(®) — je (), where g(w) is dielectric permittivity or dispersion and &(w) is dielectric loss or
absorption. This technique is proven to be the powerful technique in the investigation of co-operative and
molecular dynamics of H-bonded systems [9]. From the measured complex permittivity spectra, the static
dielectric constant (e0), dielectric relaxation time (t) and asymmetric relaxation distribution parameter (3) were

obtained by least square fit method.

II. METHODS AND MATERIAL

A PEG4000 was obtained commercially from Merck, India. The water used in the preparations of mixtures was

obtained by distillation procedure. The solutions were prepared at different mole fractions of water in PEG4000.

Tektronix
Digital serial Analyzer
Sampling Oscilloscope
DSA8300

——

Computer

Coaxial Cable |

DR/Sampling R,(®)
Module =g ;‘;‘I‘;l;’:
S0E10B
Rx(t)

Fig.1. Block diagram of Time Domain Reflectometry

The time domain reflectometry (TDR) technique was used to get the dielectric spectra. As shown in Fig.2 The
Tektronix model no. DSA8300 Digital Serial Analyzer sampling mainframe, along with the sampling module
80E10B has been used for the measurement. A repetitive fast rising voltage pulse with a 12 ps incident rise time
was fed through coaxial line system of impedance 50 Q. The sampling oscilloscope monitors variations in the
step pulse after reflection from the end of line. Reflected pulse without sample R1(t) and with sample Rx(t)
were recorded in time window of 5 ns and digitized in 2000 points. The Fourier transformation of the pulses

and data analysis was done earlier to determine the complex permittivity spectra using non linear least squares
fit method [10-14].

IILLRESULTS AND DISCUSSION

The complex permittivity spectra of PEG 4000 — water mixture have been determined using the Time Domain
Reflectometry (TDR) technique in the frequency range 10MHz to 10GHz at 25°C. It can be seen that the value

of permittivity (€’) decreases and dielectric loss (€”) shifted towards lower .

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 81-85

;g t *L;th‘t{\ﬁ“( ——ir_fc —ﬁ—ﬁ_ﬂ’_r
50
- 40
30
20
—-— water
10 0.000449 PEG
50 0.000899 PEGHr S — R ———
45| — —0.001348 PEG
40 0.00179 PEG
35 0.002244 PEG
3 0002692 PEG
0.003140 PEG
. 24| — —000358 PEG
w 20 ~ —0.004033 PEG
15 0.004479 PEG
10
5
0
0.01 0.1 1 10

Frequency in GHz

Fig.2 Frequency dependence complex permittivity spectra of PEG 4000 - Water mixture at 25 °C.

frequency as the concentration of PEG4000 increases in water, that is, the loss peak shifted to words lower

frequency side, including greater relaxation time as shown in Fig.2

The complex permittivity spectra are fitted to the Havriliak - Negami expression using the non-linear least

squares fit method [15].

+ 80_800
© R+ (jeo) )

e*(w)=¢

where eo- static dielectric constant, T- relaxation time, e=- dielectric constant at high frequency ,  is the
angular frequency, a and B-distribution parameters. In this study the aqueous solutions of PEG 4000 shows

Cole-Davidson type dispersion [16].

TABLE 1. Dielectric parameters for PEG 4000-water mixtures at 25°C

Mole fraction PEG4000 €0 T(ps) B
0 78.24 10.81 1
0.000449 79.35 11.10 0.92
0.000899 78.06 13.10 0.90
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0.001348 79.49 15.92 0.86
0.001796 73.83 19.24 0.86
0.002244 7191 23.67 0.86
0.002692 67.47 28.77 0.85
0.003140 65.98 32.17 0.86
0.00358 63.31 35.29 0.86
0.004033 62.56 38.09 0.84
0.004479 57.14 41.00 0.85

The dielectric parameters of various concentrations of PEG 4000 in water are shown in table no 1. It has been
found that values of dielectric constant decreases with the increasing in quantity of PEG4000 in pure water.
The relaxation time 7(Ps) increases with increasing of PEG4000 in water. This indicates that the presence of
PEG 4000 in water affects the polarization and dielectric relaxation behaviour of the system. The decrease in
dielectric constant suggests a decrease in the ability of the medium to store electrical energy, while the increase

in relaxation time indicates a slower response to an applied electric field.
IV.CONCLUSION

The dielectric relaxation parameters of polyethylene glycol for 25°C have been studied using TDR technique.
The study reveals that PEG 4000-water mixtures' dielectric constant decreases with PEG4000 mole fractions,
indicating decreased polarity and slower response to electric fields, offering potential applications in

Electronics, Biomedical engineering and Pharmaceutical industries.
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ABSTRACT

The chemical bath deposition technique was used to deposited copper sulphide thin film on an amorphous
glass substrate. Experiments was carried at 60°C, temperature. Morphological, structural, optical properties of
CuS thin film was investigated. X-ray diffraction (XRD), scanning electron microscopy (SEM), energy
dispersive X-ray analysis (EDAX), thermoelectric power (TEP) and optical absorption were supported in
order to inspect the physical properties of the as deposited sample. X-ray diffraction patterns showed that the
film is hexagonal structure. The crystal size (D) was calculated 26.7nm at 60 °C deposition temperature. The
SEM micrographs showed that the nanostructure appeared in the sample. Optical property of the film was
studied in the wavelength range of 200-1100 nm. It’s observed that the absorption follows in visible and
ultraviolet regions. The optical energy gap was calculated for the allowed direct transition, its value was 2.45
eV. The dignified resistivity and calculated conductivity was found to vary with temperature. Conductivity
extent showed that CuS thin film is n-type and highest conductivity was 1.13 x 102 (Q.cm).

Keywords: - Copper sulphide thin film, Energy dispersive X-ray analysis, Nanostructure, Direct transition.

I. INTRODUCTION

An increasing study in semiconducting chalcogenide thin films which have been due to their extensive
applications in various fields of science and technology. Copper sulfide is the most frequently used material.
The copper sulfide thin film appeals the courtesy of many researchers

due to its semiconducting properties. Similarly, the basic elements of this material are abundant in nature. The
copper sulphide is a significant material from the socket of basic research because it is be present in several
crystallographic and stoichiometric formulas. The CuS has a distinct composition with different stoichiometry
and temperature is responsible for a change from one composition to another. Chemical methods have been
used to develop CuS films. The shape, phase and the size of inorganic nano-crystals and micro-crystals are the
determinant elements in varying their electrical, optical and other properties. The chemical methods are cost-
effective and necessary structure can be obtained with them. To produce copper sulfide thin films with wanted
nature and assembly, the chemical method was employed [1-4]. Numerous techniques such as Chemical Bath
Deposition (CBD) [2, 5, 6], Successive Ionic Layer Adsorption and Reaction SILAR [4, 7] and Spray Pyrolysis
Deposition SPD [8-10]. As a significant semiconductor with unique electronic, optical and chemical assets, CuS
thin films are of inordinate apprehension due to its extensive range of application in optical and electrical

devices, such as photothermal conversion of solar energy, electro-conductive electrodes, microwave shielding
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coatings, solar control coatings, IR detectors, temperature control of satellites, light emitting diodes and other
optoelectronics [5, 7]. In this paper, copper sulfide thin film was deposited on glass substrates by chemical bath
deposition technique. X-Ray Diffraction (XRD), scanning electron microscope (SEM), optical and electrical

characterization were attained for thin film at 60 °C temperature.

II. EXPERIMENTAL DETAILS

Preparation and characterization of CuS thin film

In the chemical bath deposition technique method, it is important to control the preparation conditions such as
the concentration of solutions, pH of the solutions time for deposition and the temperature. Good quality thin
film of CuS were prepared by using aqueous solutions of copper sulfate (CuSOs4) and Thiourea (H2NCSNH?) as a
source of Cu and S. The experiment was carried out for temperature 60 °C. Glass substrates have been passed
through the cleaning stage before deposition in the dilute sulfuric acid. Subsequently it was then cleaned with
acetone and made ready for deposition by passing through pure water. Prepared glass slides were deep
vertically in an aqueous solution having copper sulfate, thiourea (0.5molarity and 10ml of each),
triethanolamine, sodium hydroxide and ammonia were used as a complexing agent. The solutions were
prepared in double distilled water. The pH of the solution was maintained to 10. After (45mini.) the
completion of deposition, film were tough with distilled water [11, 12].The scanning electron microscopy (SEM)
of the films was supported out using an energy dispersive spectrometer (EDAX). Structure was studied by an X-
ray diffraction technique using XRD machine. The range of 20 values was from 20° to 80° and emissions used
were CuKa (\=1.5406 A). The optical absorption measurements were carried out using UV-Vis
spectrophotometer in the wavelengths from 200 nm to 1100 nm. An electrical conductivity of the deposited
film was verified by a two point probe method in the temperature from 300 K to 500 K. Thermovoltages were

also noted on the samples in the 300 K to 500 K temperature.

IILRESULT AND DISCUSSION
3.1 EDS Analysis
As-deposited CuS thin films was sustained out using energy dispersive X-ray spectroscopy (EDS). The analysis
shown the presence of Cu and S as constituent elements in the film. A typical EDS spectrum of as deposited
thin films at temperature 60 °C as shown in Figure 1. The atomic percentages of constituent elements in the as-

deposited films and the taken ratio of Cu and S content in the film is almost same.
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Fig. 1. EDS spectrum of CusS thin film deposited at 60 °C temperature.
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3.2 Structural and Morphological Charecteristics

Figure 2 shows the x-ray diffraction (XRD) of copper sulphide thin film deposited on glass substrate for 60 °C
deposition temperature. The CuS thin film was scanned in the range 20°-80°. The diffraction peaks express that
the films contain well grains and are nanocrystalline in nature. The orientations, namely (004), (102), (110)
(200) and (108) which indicate a covellite CuS phase with hexagonal structure. The orientations namely (102)
for covellite CuS phase with 60 °C temperature as shown in Figure2 [13].Crystallite size value for this sample is
26.7 nm. at the temperature of 60 °C. Such result is effective in the development of the crystal structure of CuS
thin films. The morphology of the equipped thin film was studied using SEM which shows the surfaces in high
magnification and high resolution. The image of CuS thin film prepared at 60 °C deposition temperature is
shown in Figure 3. It observed that the prepared CuS thin film have cauliflower-like forms with an irregular

particle size [13, 14].
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Fig. 2 The XRD of CuS thin films at 60°C temperature.
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Figure 3. SEM image of CuS thin films at 60 °C temperature.
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3.3 Optical and Electrical analysis

An absorption coefficient as a role of the wavelength of the CuS thin film. The result showed high value of the
absorption coefficient in the visible spectrum. The energy gap value of direct electronic transitions was
calculated by plotting a graphical relationship of (ahv)? versus photon energy (hv) figure 4. The energy
bandgap value of the CuS film was found to be 2.45 eV. This value is identical together to those used for solar
cell applications. The energy gap values be contingent on the crystalline structure and are affected by the

deposition temperature [15-17].
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Figure 4. The relation between (othv)? and (hv) for CuS thin film at 60 °C temperature.

An electrical conductivity of the as deposited CuS thin film was measured using two-probe method in the range
of temperature from 300 — 500 K. The film is semiconducting and nonlinear nature. The electrical conductivity
value was found to be 1.13 x 102 (Q.cm) 'for the film deposited at 60 °C. The type of conductivity shown by the
CuS thin film is n-type conduction determined from TEP [18].

IV.Conclusions

Nanostructured CuS thin films were prepared by the chemical spray pyrolysis method at 60 °C substrate
temperatures. From XRD analysis it was concluded that film is hexagonal structure and n-type in nature. The

properties of the prepared film suggest that this may be a good candidate in solar cells.
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ABSTRACT

SnO2 and ZnO are prepared using stannous chloride and zinc chloride with water as a solvent.
Nanocrystalline SnO2-ZnO composite thick films are created through screen printing technique. The
structure is examined using field emission scanning electron microscopy (FE-SEM).The FE-SEM shows

nanocrystalline spherical stannous oxide and ZnO rod shapes.

Keywords: SnO2, ZnO, Ammonia gas sensor

I. INTRODUCTION

The rapid industrial growth across various sectors has led to environmental pollution, posing a significant
threat to human health and the ecosystem. To address this issue, the development of highly sensitive and
selective sensors for detecting hazardous gases in the atmosphere is crucial. Metal oxide-based nanocrystalline

chemical sensors have emerged as promising options due to their reliability and ease of production.

To enhance sensor sensitivity, various techniques are employed, such as using composite systems of
nanomaterials, altering composition, reducing particle size, surface modification, and experimenting with
different chemicals. Smaller particle sizes result in increased surface area, promoting greater gas diffusion and

reactivity on the sensor surface, thereby enhancing sensitivity.

Researchers initially focused on single metal oxide-based sensors, but they exhibited drawbacks such as low
sensitivity, selectivity to gases with similar characteristics, and longer response/recovery times. The use of
composite metal oxide-based nanomaterial systems has shown promise in improving sensor performance.

Sensitivity and selectivity can be enhanced by utilizing mixtures of metal oxides or composite systems.[1-3]

The electronic structure of nanocrystals in composite sensors can be altered through interactions between
different components, leading to increased reactivity with target gases. Adjusting the composition, structure,
and work function of nanocomposite sensors significantly improves selectivity. Moreover, modifying chemical

components or their quantities offers opportunities to enhance sensitivity
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In summary, the development of advanced sensors, particularly those based on composite metal oxide
nanomaterials, is vital for effectively detecting and addressing the challenges posed by environmental pollution
resulting from industrial activities.[4]

To improve the characteristics of gas sensors, researchers have explored mixed metal oxide systems. Adding a
small quantity of ZnO to CuO-doped SnO:, for instance, shifted the temperature sensitivity of CO to a higher

range [5]. These mixed metal oxide systems fall into three categories:

1. Chemical Compounds: Resulting from interactions between different oxides, examples include ZnSnOs
and Zn2Sn0s in the ZnO-Sn02 system [7], and CdIn204 formed by the interaction of CdO with In20s [8].

2. Solid Solutions: Formed by mixing two metal oxides, like TiO2 with SnO2, which creates solid solutions
above a critical temperature [10-11].

3. Interacting Nanocrystals: Mixtures of metal oxide nanocrystals interacting with each other, such as In20s-
SnO2, TiO2-WOs, belonging to this category [12-14].

Various methods are used for producing mixed metal oxide nanocomposites, including sol-gel techniques,
aerosol spraying, sputtering, and blending of individual metal oxide nano powders. It's important to note that

the nanocrystalline structure in the composite may differ considerably from that of the individual components.

The synthesis of nanocomposites, like TiO2-SnO2, may introduce high-volume defects due to the insertion of
ions from one component into the lattice of the other. For example, in the synthesis of TiO2-SnO2

nanocomposites, nanocrystalline particles with high-volume defects are produced.

In this work, researchers focused on iso-type SnO2-ZnO composite sensors, specifically studying sensitivity and
response/recovery times. The aim is to enhance the performance of gas sensors, crucial for addressing
environmental pollution challenges resulting from industrial activities.

II. Experimental

In the experimental process:
a) Precursors: Used AR grade stannous chloride and zinc chloride from Merck Ltd.
b) Base: AR grade diluted ammonia solution served as the base.

c) Preparation of Solutions: Stannous chloride and zinc chloride were separately diluted with de-ionized

water while maintaining the pH using diluted liquid ammonia.

d) Washing: Resultant precipitates of stannous chloride and zinc chloride were washed with de-ionized water

until chlorine ions were removed.

e) Microwave Irradiation: The chlorine-free precipitates were irradiated with microwave energy using a
Samsung household microwave oven at a frequency of 2.45 GHz and power up to 1 kW for an optimum

duration.

f) Sintering: The mixture of SnO and ZnO nanoparticles obtained was sintered at 400°C for 5 hours.

g) Analysis:
o XRD: Structure analysis was conducted using X-ray diffraction pattern (XRD) with a CuKa wavelength
of 1.54 A.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 91-97

e SEM: Morphology was studied using scanning electron microscopy (SEM) .
Overall, the experimental process involved precise steps in preparing and analysing the SnO: and ZnO
nanoparticles, aiming to understand their structure, morphology, and composition.

To prepare SnO2-ZnO nano composite thick films:

1. Synthesis: SnO2 and ZnO were separately synthesized using the microwave-assisted method.

2. Quantities: Different ratios of SnO: and ZnO were used for fabricating the composite thick films:
100%Sn02-0%Zn0O, 80% SnO: - 20% ZnO, 60% SnO:2 - 40% ZnO, 40% SnO:2 - 60% ZnO, 20% SnO: - 80%
Zn0O, and 0% SnO: - 100% ZnO.

3. Screen Printing: Thick films of the synthesized SnO2-ZnO nano composite were prepared using the screen-

printing technique.

The chosen percentages of SnO2 and ZnO in the composite films vary to study the impact of different
compositions on the properties of the resulting thick films. The screen-printing technique is employed for its

practical and effective application in fabricating these nanostructure composite films.

II1.Result and Discussion
The composite film, comprised of both SnO2 and ZnO, exhibits a structure where ZnO rods and tubes, along
with clusters of spherical SnO2 particles, are randomly dispersed. The micrograph reveals distinct ZnO rods
with sizes of 81.2 nm and 125 nm. Additionally, smaller ZnO rods, smaller than 81.2 nm, are observed in the
image. The micrograph also captures agglomerated clusters of spherical SnO:2 particles, with sizes ranging from
24.1 nm to 31.3 nm.

A
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Fig 1(a-c) FE-SEM micrograph of 20%-80% =SnO>-ZnO composite nanomaterial thick film
3.1 Electrical Characterization: The electrical characterization involved studying the I-V (current-voltage)
characteristics of SnO2-ZnO nano composite thick films at a temperature of 350°C. Figure 3 displays these

characteristics, and the analysis was conducted using a Keithley 6487 picometer cum voltage source.

The measurements involved applying a forward bias voltage ranging from 0 to 10 V with a step increment of 2
V. The process was then repeated with negative voltage. The nature of the I-V characteristics for each specific

sample indicates that the contacts exhibit an ohmic behaviour.
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Fig 2 Characteristics of unmodified SnO,-ZnO nanocomposites

3.2 Electrical Conductivity: The relationship between log (o) and the reciprocal of temperature for all

unmodified SnO2-ZnO nano composite thick films is illustrated in the figure.

Notably, the sample with a composition of 80-20 shows the highest value of log (o), indicating the highest
electrical conductivity among the studied samples, while the sample with a composition of 20-80 exhibits the
lowest conductivity. These variations in electrical conductivity are essential for understanding the sensor

characteristics and their potential applications.
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Figure 3: Electrical Conductivity

Figures 4 illustrate the gas response variation with operating temperature for pure SnO2, ZnO, and SnO2-ZnO
composite thick films sensors in response to NHs gas. In both cases, it is evident that the gas sensitivity of the
Sn02-ZnO composite sensor increases with operating temperature, reaching its maximum at the optimum
temperature and then decreasing. Among all sensors, the composite sensor with a 50-50 ratio exhibits the

highest sensitivity to NHs gas.
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Figure 4: Gas response of SnO2 and ZnO

Conclusion

In summary, the findings and analysis of this study indicate that the SnO>-ZnO composite sensors array is not

highly effective in detecting Ammonia. Interestingly, the composite materials demonstrated more favourable

response behaviours compared to their pure counterparts.
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ABSTRACT

The excess parameters of Ethyl Acetate-Xylene binary mixtures at different 11 concentrations have been
studied using Time Domain Reflectometry at different temperatures in the frequency range 10 MHz to 30
GHz. Values of static dielectric constant and relaxation time have been obtained by fitting complex
permittivity spectra using least square fit method in Debye model. The observation of behavior of molecular
structure and heteromolecular interactions in Ethyl Acetate-Xylene mixture is studied using excess dielectric
parameters.

Keywords: Time Domain Reflectometry (TDR), Static dielectric parameters, Excess permittivity and excess

relaxation.
I. INTRODUCTION

Dielectric research of hydrogen-bonded compounds in non-polar solvent provides important information of
inter-molecular complex formation in binary mixtures. Time domain reflectometry (TDR) [1-4] method is used
to determine excess dielectric parameters of Ethyl Acetate (EA)-Xylene mixture, which reveals molecular
effects and intermolecular interactions produced in binary mixture at higher frequencies. Strength of
interactions, relaxation process, dipole-dipole interactions, bonding among heteromolecules in the mixture is
extensively studied using TDR and is thoroughly discussed in the previous article [5]. Ethyl Acetate (EA) is
colorless liquid with sweet or fruity smell, used in wines as well as in food industries, for decaffeinating tea and
coffee due to its less toxicity and high evaporation rate [5-6]. Xylene is an aromatic hydrocarbon, colorless,
flammable liquid, used as a solvent [7-8]. Present work reveals excess dielectric parameters of EA-Xylene
system at 11 different concentrations using TDR in 10 MHz to 30 GHz the frequency range to study the

heteromolecular interaction in the mixture.
II. METHODS AND MATERIAL

Ethyl Acetate and Xylene was obtained from Merk Life Sciences Private Ltd. Mumbai, India with 99.5% of
purity and Merk Specialties Private Ltd. Mumbai, India with 99.0% respectively and was used without further
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purification. Dielectric relaxation parameters measured in the range of 10 MHz to 20 GHz microwave
frequency by means of TDR as illustrated in figure 1. Raw data analysis with TDR procedure has been
explained formerly [4-7].

1L RESULTS AND DISCUSSION

Complex permittivity spectra with dielectric relaxation parameters of EA-Xylene mixture were acquired by the

Havriliak-Negami equation [9-12],

* = %07 %0
&= ot un o

(1
where . is static dielectric permittivity, e~ is permittivity at high frequency, 7 is relaxation time and o & f are
the distribution parameters. The Havriliak-Negami equation involves Cole-Cole (=1) [13], Cole-Davidson (a=0)
[14] and Debye (a=0 & p=1) [15] relaxation models and for present EA-Xylene system, Debye model is used to
fit the data.

Static dielectric parameters vary with change in concentration of solute in solvent, which shows the effect of
concentration dependent behavior of mixture such that structure of mixture also depends on viscosity,
temperature etc. [16-17]. The facts associated to EA-Xylene interactions are achieved by the way of excess
parameters [5, 18]. Excess permittivity reveals information about the interaction among mixture constituents.
The excess relaxation delivers evidence related to structural variations in the mixture. The excess parameters

were determined by using the following relations as [19-21],

&6 = (e0)m — [(e0)x Vx + (€0)ga(1 — Vy)]

B = ), - 10), %+ (), - v

where suffix m, X and EA signifies mixture, Xylene and EA respectively, e.f and (1/7)F are is excess permittivity

2)

3)

and excess relaxation, Vx denotes volume fraction of Xylene.
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Fig. 1 Variation of (a) excess permittivity and (b) excess relaxation vs. Vea at 20 °C and 15 °C respectively.

eo” values for the present system are negative at all concentrations except at Vea = 0.1 and 0.2 at 20 °C, as shown
in figure 1 (a). Negative values of excess permittivity show strong intermolecular interactions among
heteromolecules [22], indicates formation of multimers through hydrogen bonding which decreases the
effective dipole moment [23]. In case of (1/7)F, mixture of EA-Xylene results in negative values for all
concentrations is an indicative of slower roation of dipoles such that the there is a formation of polymeric

hydrogen bonded structure in the mixture [24-25], as shown in figure 1 (b).
IV. CONCLUSION

The excess parameters of EA-Xylene binary mixture were studied using TDR in 10 MHz to 30 GHz frequency
range. Variation of Veain the mixture causes the values of & and 7 change at that particular concentration.
Excess permittivity shows negative values at all concentrations except at Vea = 0.1 & 0.2 and show strong
intermolecular interactions with formation of multimers. Also the excess relaxation show formation of
polymeric structure with slower rotation of molecules such that the (1/7)F values are negative for all

concentrations.
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ABSTRACT

This paper reports the various applications in relative to the properties of luminescence garnet phosphor
materials doped with different lanthanide ions and their applications in various fields. The fields of
applications of YAG:La (Yztrium aluminum garnet doped various lanthanide activators) depending upon the
structural and luminescent properties. These properties conforms agreement for possible applications. The
researchers try to synthesize such materials for social needs. The garnet phosphors are not recent materials.
The history of the garnet materials has long back and applications in various fields. An attempt is made to
find the factors or parameters are responsible (physical, chemical, mechanical, electrical, optical, etc.
properties) for the different applications. The lanthanide ions doped in garnet structured phosphors have
wide range of applications. The garnet materials doped with Ce®, then the resultant compounds are used
because to high density as gamma ray absorber, as scintillators. The trivalent lanthanide ions doped garnet
nanomaterials can be used as temperature measuring devices. The YAG:Tb% (7erbium rich garnet
luminescence materials) are used in propagation of THz phonons, as active medium for powerful solid state
laser.. The main focus of this article is to discuss the applications of various lanthanide cations rich garnet
nanocrystal phosphors in different fields depending on their relative properties.

Keywords: Luminescence, Garnet Phosphors, YAG, Lanthanide Activator, Photoluminescence, Nanomaterial.

I. INTRODUCTION

The commonly chemical compound formula for garnet phosphors is A3B2C3O12. Where A is in dodecahedral
coordinated site while B and C (may be same group) are in octahedral & tetrahedral coordinated sites
respectively as shown in fig. (1) [1]. A is without inversion symmetry in point group D2 while B & C are with
inversion symmetry in point groups C3i & S4 respectively. Generally, the garnet phosphor are possessing cubic
structure and Ia3d is space group. In this article, we are focusing on applications of the various lanthanides rich
garnet materials [2]. The garnet nanomaterials doped with lanthanide ions have the great attraction. The
lanthanide ions have very interesting applications. The garnet phosphors are exhibited very interesting
properties. The researchers were used YAG (3Y203-5A1:0s) as host garnet structure luminescent materials. The
rare earth garnet nanomaterials are non-toxic materials [3]. The materials have great thermal stability [4]. The
unit cell of garnet structured materials consists of 160 atoms.

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative @
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
and reproduction in any medium for non-commercial use provided the original author and source are credited.
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Figure 1: The crystal structure of YAG (A3B2C3012): A is a dodecahedral; B and C are octahedral & tetrahedral
respectively.

The garnet nanostructured YAG:Ce3+ are basically yellow powder phosphors. When these yellow phosphors
are interacted with blue light, then white light emission take place and further there materials used in w-LEDs
[5]. The white LEDs have high efficiency than incandescent lamp [6]. The YAG:Ce? garnet phosphors have
uniqueness about the electronic transition energy than other lanthanide ions. The excitation for the materials is
from 5d to 4f while for emission is from 4f to 5d. The cerium doped YAG is inorganic materials which do not
contain hydrogen [7]. The some of the major applications are used as scintillator, active materials for
fluorescent screen in CRT, afterglow materials, white light conversion etc.

The YAG:Tb* garnet phosphors materials are composited from YAG (Y3AlsOn2) as host and trivalent
terbium(Tb%) as dopant. The terbium dopant is acted as activator/luminescence center. The garnet phosphors
were synthesized by solid state method at temperature 1600 ° C for 6 hours The materials YAG:Tb?* were
characterized for structural analysis by XRD data. The results were agreed with standard results. The garnet
phosphors YAG:Tb?% is a cubic structured but its unit cell is not cubic [8].

This materials are having wide range of applications among the various field of optics related. The materials
were undergone photoluminescence properties by spectrophotometer the excitation electronic transition is
’Fe — >Dsand emission transition is °D4+ — 7F5s with maximum intensity [9]. The materials are very well known
for green light emission. Therefore, these materials can be used as light sensing devices. While it emits green
radiation then it can be used as source of radiation (especially in vacuum UV) [10]. The applications of
trivalent terbium rich YAG are in LEDs (green, violet/blue) [11], in various types of display which works on
the principle of luminescence, for laser fabrication [12].

II. YAG: Ce** GARNET PHOSPHORS AND THEIR APPLICAIONS
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The garnet materials doped with Ce3 i.e. YAG: Ce?* is highly efficient phosphors (luminescence materials).
These resultant components have remarkable wide range applications. One of the most useful applications is as
scintillators [13]. The scintillators are the materials which show fluoresce when it is irradiated. The scintillators
exhibit the luminescent property. The scintillator used as detector also [14]. When particles (o particles, f3
particles, gamma rays, X-rays etc.) interacts with scintillator materials, then it absorbs energy and got excited
that means the electrons of the materials jump from ground state (stable state) to higher energy state
(unstable/excited state). These electrons come back to original state (ground state), then these electrons loss the
energy in the form of photon (light). The photons (light) are responsible to convert into electrical signal [15].
This signal is amplified by PMT (photomultiplier tube) and show luminescence phenomenon. Therefore,
scintillator can be used as detector. The first scintillator was invented in 1903 by W. Crooks by using ZnS
screen [16]. The scintillation process was observed in only dark room. This is the main disadvantage; this
disadvantage was overcome by using PMT in scintillator [17-18].

The YAG: Ce® is used in CRT (cathode ray tube). This material is used as CRT phosphors. The cathode ray tube
phosphors (cathode ray phosphors) are the powder spreads on the screen (fluorescent screen) as shown in fig.
(2). When electron beam is incident on the screen containing this garnet material, then the material absorbs
energy (energy of electron beam which generated in CRT) and the electrons of the material jump from stable
state (low energy state) to agitate energy state (higher energy state). These electrons come back to original
state, and then they release the energy which equal to energy gap between both energy levels in the form of
photon [19]. The colour of the CRT screen is depended on periodic arrays of three phosphor dot [20]. The three
phosphor dots consist of basic colours red, green and blue. The sequence of the colour start with high
wavelength colour to low wavelength colour in colour CRT. The mixture of the particular colours gives all
other colours [21]. The resultant compounds derived from YAG: Ce? is used in fluorescent tube. The similar
phenomenon (same as CRT) occurs in the fluorescent tube. The garnet nanomaterial phosphors are more
effective colour temperature correlation [22].

Active materials

Electron Gun for CRT Sceen

Cathode Y-plane
— Ep— —
* I - I )
Voltage for R [ g . electron beam
heating filament - ! — F
1 Ji—==_C LT -
Amnode

-—E. H. T.™ X-plane

- 5 Vacuum
Accelerating

Voltage

Screen

Figure 2: The schematic diagram of CRT. YAG:Ce?*as active materials are used in cathode ray tube for display.

Garnet compounds Y3AlsO12:Ce3 are can be as afterglow materials. The materials store the energy at excited
energy state and losses slowly [23]. It is attracted attention in the fields of long lived luminescent nanomaterials
and its applications. The researchers try to synthesize the materials having high quantum efficiency (quantum
yield) i.e. having high PLQY (Photoluminescence Quantum Yield) [24]. The quantum yield (quantum
efficiency) is also known as efficiency of fluorescence. It is stated as the ration of number of photons emitted
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(emission rate) to number of photons absorbed (excitation rate). The value of quantum yield is unity according

to Stark-Einstein law. It is denoted by ¢ and formula for it is shown in equation (1) [25].
b= number of photons emitted
" number of photons absorbed
ki

b=, M

kftkitkectkictkpatka

Where,
k; is intersystem crossing, ks is fluorescence, k. is external conversion, k;. is internal conversion,
kpq is pre-dissociation, k is dissociation.

There are some conclusions come out from above equation (1). The higher value of quantum yield indicates
that there is high fluorescence. For non-f fluorescence materials quantum yield is zero (¢ = 0). When number
of incident photons are excited more electrons (number of excited electrons > number of photons) then the
quantum Yyield is more than one (¢) > 1) and opposite to it its value get decreasing (¢ < 1). If excited electrons
collide with other non-excited electrons, theng < 1. When some electrons are not absorbed sufficient energy
then these electrons can’t show any luminescence, this is another main reason for ¢p < 1 [26].

The great afterglow materials belong to luminescence materials. These materials are having tendency of
persistency for long time (hours) after removal of excitation energy [27]. This type of afterglow materials that
have long decay time is known as long-afterglow luminescence materials. These materials are mostly used as
decorative materials for night lighting materials, transportation vehicles, fire sensors etc [28]. The researchers
try to synthesize afterglow materials that persist for few days. Afterglow material has high lifetime that
material has large decay time (less decay rate). The materials having large decay time (less decay rate) are called
as long persistent luminescence materials. These materials exhibit long lasting phosphors. At room temperature,
the materials shows lasting emission after disconnecting from source are called as RTP (Room Temperature
Photoluminescence). The recent research on afterglow materials is along hybrid (organic-inorganic) materials
to increase the photoluminescence quantum yield [29].

Time t1

Time t2
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Figure 3: The luminescence materials are irradiated by UV radiation, showing afterglow property. Initially UV
is ON then the materials glow properly but after switch of the UV, the materials persist glowing.

Some of the Y3Als012:Ce3* garnet nanomaterials have chosen to show the phenomenon of afterglow materials.
Firstly materials have irradiated by UV light for sufficient time. After that the UV radiation has been
disconnected, and then the materials glow without at just removal of UV radiation. The intensity (brightness)
of the materials goes decreasing while increasing time (ti<t2<t3) as shown in fig (3).

The garnet materials doped with cerium ions can be used to convert color in w-LEDs. Generaly YAG garnet
phosphors doped with Ce3* are yellow emitting phosphors [30]. This compound is used in white lighting
devices because of its advantages like high photoluminescence quantum efficiency, long lifetime, economical
for society [31]. When blue light (wavelength about 458 nm) interacts with YAG:Ce%, then some blue light
converted into yellow light (wavelength range 565 nm — 580 nm) and rest of blue light are converted into
white light [32]. But the efficiency of white lighting devices depends on doping concentration and performance
of the host materials. The result is that, the efficiency of the w-LEDs is less due to low amount of the materials
[33]. This efficiency is not sufficient to convert into w-LEDs. We need to increase the conversion by increasing
amount of the materials in optimum amount otherwise efficiency goes decreasing by excess increasing in
amount of materials [34]. If large amount of materials are used then more light are absorbed and reabsorbed
the reason for decreasing the efficiency [35]. The garnet phosphors YAG:Ce?* have deficiency of production of
red light therefore these materials have tendency to convert a great white light [36].

III. YAG: Tb* GARNET PHOSPHORS AND THEIR APPLICAIONS

The nanomaterials of garnet phosphors are most active materials for production of white lighting devices (w-
LED). The radiation of the range of UV is excited the polycrystalline garnet materials doped with terbium
(YAG:Tb?). The emission spectra are obtained about 533 nm (green) [37]. Therefore it is generally known as
green light emitter phosphor. This nanocrystalline garnet phosphor is used to efficient green LEDs. When ultra
violet radiation (wavelength about 385 nm) interacts with the garnet luminescent materials YAG:Tb?, some of
the incident photons transfer energy to the electrons of the materials and got excited. These excited electrons
come back from higher energy state to original state (ground sate) by losing energy [38]. This emission energy
is absorbed by other unexcited electron and emission energy get decreasing and increasing wavelength about
green colour and some of the radiation is converted with mixed colour and this materials exhibit white colour
emission.

There are optical fibres based sensors are used to detect the radiation (light). They have lot of advantages. They
can't affected by any chemical process. This is main advantage of the optical fibres sensors. But they have
limitations too [39]. The optical fibres sensors are difficult to use in dangerous areas (high radiated areas) such
as near the nuclear reactors, commercial irradiation station etc. They have low detection sensitivity. There is
need to overcome these limitations. When the optical fibres sensor are made up with garnet phosphors
YAG:Tb* then efficiency, accuracy (performance) and strength are improved. These optical fibres sensors of
garnet nanopowered phosphors have good detection sensitivity [40]. These optical fibres can be used hundreds
of meters from the detection area. These sensors are used in medical fields for investigation of proper dose
importable and radiotherapy.

The YAG:Tb% garnet phosphors can be used in various display (screen) due their structural and optical
properties. The Tb3 doped garnet nanomaterials show the emission spectra in visible region from blue to red
colour. The maximum intensities occur at green and yellow colours and minimum intensities occur at blue and
red colours [41]. The garnet phosphors doped with trivalent terbium (Tb3*) have high efficient conversion with
proper decay rate. On the basis of these results, this material can be used as active materials for CRT (for
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screen), in various projection displays, trichromatic source of light, in mercury free lamp (for visible region
emission) etc.

Iv. CONCLUSION

The basic structured of garnet phosphors (composition) have summarized. We had focused mainly on
applications affecting by structural properties, luminescence properties of different lanthanide dopants in
garnet structured phosphors. We have chosen Ce? and Tb3 as trivalent lanthanide activator to discuss the
applications on the basis of their luminescence and structural properties. The garnet phosphors doped with
cerium ions (YAG:Ce*) is the yellow phosphors with emission transition 4f to 5d. The applications of the
cerium doped garnet phosphors are as conversion of blue colour to white lighting devices, active materials in
CRT, as scintillators, afterglow materials long decay time (low decay rate) etc. The terbium rich garnet
phosphors had prepared at 1600 °C for 6 hours by solid state reaction method. The emission of the material is
found to be D4+ — 7Fs at green light with maximum intensity. Thus this material is also known as green
phosphors. These materials are having wide range applications. These materials can be in green LEDs, various
fluorescence display, active materials in solid state laser.
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ABSTRACT

The pharmaceutical industry is undergoing a paradigm shift towards sustainability driven by environmental
concerns and regulatory pressures. Green chemistry principles offer a viable framework for reducing the
environmental footprint of pharmaceutical manufacturing while maintaining product efficacy and safety.
This research review examines the progress made in adopting green chemistry practices within the
pharmaceutical sector, highlighting key advancements, challenges, and opportunities for future development.
Drawing upon a comprehensive analysis of the literature, this review provides insights into successful green

chemistry initiatives and identifies areas for further research and innovation.
I. INTRODUCTION

In the pharmaceutical industry, the integration of green chemistry principles is gaining momentum as
companies recognize the imperative to reduce their environmental footprint and enhance sustainability
throughout the drug development and manufacturing process. Green chemistry in the pharmaceutical industry
encompasses a range of practices aimed at minimizing waste, conserving resources, reducing energy
consumption, and utilizing safer chemicals and processes. This section provides a detailed overview of the key
aspects of green chemistry in the pharmaceutical industry:

Green Synthetic Routes: Green synthetic routes involve the design and optimization of chemical reactions to
minimize environmental impact while maintaining efficiency and yield. This includes the use of safer and
more sustainable reagents, solvents, and catalysts, as well as the development of innovative synthetic
methodologies. Green synthesis often utilizes renewable feedstocks, such as biomass-derived chemicals, to
reduce dependence on fossil fuels and mitigate greenhouse gas emissions.

Solvent Selection and Reduction: Solvents play a crucial role in pharmaceutical manufacturing processes, but
many traditional solvents are volatile organic compounds (VOCs) that pose environmental and health risks.
Green chemistry advocates for the use of safer, more benign solvents, such as water, ionic liquids, and
supercritical fluids, which can minimize toxicity and waste generation. Additionally, solvent-free or low-

solvent processes are encouraged to reduce environmental impact and improve process efficiency.
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Biocatalysis and Enzymatic Reactions: Biocatalysis involves the use of enzymes or microorganisms to catalyze
chemical reactions under mild conditions, offering several advantages for green pharmaceutical manufacturing.
Enzymes are highly selective and operate under ambient temperatures and pressures, reducing energy
consumption and minimizing waste. Biocatalytic processes can enable the synthesis of complex drug molecules
with high efficiency and purity, making them valuable tools in green synthesis strategies.

Process Intensification and Continuous Manufacturing: Process intensification aims to maximize efficiency and
minimize waste by optimizing process conditions and integrating multiple process steps into a single operation.
Continuous manufacturing, as opposed to batch processing, offers several advantages in terms of sustainability,
including reduced energy consumption, smaller equipment footprint, and enhanced process control. Green
chemistry encourages the adoption of process intensification and continuous manufacturing to improve
resource efficiency and minimize environmental impact.

Waste Minimization and Recycling: Green chemistry emphasizes the importance of waste minimization and
recycling throughout the pharmaceutical manufacturing process. Strategies such as atom economy, where the
maximum number of atoms in starting materials is retained in the final product, and byproduct utilization help
reduce waste generation and maximize resource efficiency. Additionally, the development of novel purification
techniques and recycling processes enables the recovery and reuse of valuable chemicals and materials, further
reducing environmental impact.

Life Cycle Assessment (LCA): Life cycle assessment (LCA) is a comprehensive methodology used to evaluate
the environmental impact of pharmaceutical products and processes throughout their entire life cycle, from
raw material extraction to disposal. Green chemistry promotes the use of LCA to identify hotspots of
environmental impact, guide process optimization efforts, and inform decision-making towards more
sustainable alternatives. By quantifying environmental impacts such as energy consumption, greenhouse gas
emissions, and resource depletion, LCA helps pharmaceutical companies prioritize sustainability initiatives and
reduce their overall environmental footprint.

In summary, green chemistry principles offer a holistic approach to sustainable pharmaceutical manufacturing
by integrating environmentally responsible practices throughout the drug development and production process.
From green synthetic routes and solvent selection to biocatalysis, process intensification, waste minimization,
and LCA, green chemistry provides a roadmap for pharmaceutical companies to minimize environmental
impact, conserve resources, and improve overall sustainability.

The pharmaceutical industry is an essential component of global healthcare, responsible for the discovery,
development, and production of medicines that improve and save countless lives worldwide. However,
traditional manufacturing processes within this industry often involve the use of hazardous chemicals, solvents,
and energy-intensive procedures, resulting in significant environmental impacts. As concerns about
sustainability and environmental stewardship continue to grow, there is increasing pressure on pharmaceutical
companies to adopt greener and more sustainable practices.

Green chemistry, also known as sustainable chemistry, offers a systematic approach to addressing these
environmental challenges by designing chemical products and processes that minimize the generation of
hazardous substances, reduce energy consumption, and utilize renewable resources. The principles of green
chemistry, as outlined by Anastas and Warner in their seminal work "Green Chemistry: Theory and Practice,"

provide a framework for guiding the development of more sustainable chemical processes.
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In recent years, there has been a growing recognition of the potential of green chemistry to revolutionize the
pharmaceutical industry and make drug manufacturing more environmentally friendly. This paradigm shift is
driven by several factors:

Environmental Concerns: The pharmaceutical industry is a significant contributor to environmental pollution
due to the use of large quantities of organic solvents, reagents, and energy-intensive processes. Green chemistry
offers solutions to minimize the environmental impact of pharmaceutical manufacturing by reducing waste,
conserving resources, and using benign reaction conditions.

Regulatory Pressures: Regulatory agencies worldwide are increasingly scrutinizing the environmental impact of
pharmaceutical manufacturing processes and imposing stricter regulations to mitigate pollution and promote
sustainability. Companies that embrace green chemistry principles may benefit from regulatory incentives,
such as expedited approvals or reduced compliance burdens.

Consumer Demand: In an era of heightened environmental awareness, consumers are increasingly demanding
products that are produced sustainably and ethically. Pharmaceutical companies that demonstrate a
commitment to sustainability and environmental responsibility may gain a competitive advantage and enhance
their brand reputation.

Economic Considerations: Adopting green chemistry practices can lead to cost savings through the reduction of
raw material consumption, waste disposal costs, and energy expenditures. Additionally, innovations in green
chemistry can open up new market opportunities for eco-friendly pharmaceutical products and technologies.
Despite these compelling drivers, the adoption of green chemistry in the pharmaceutical industry is not
without its challenges. The complex nature of drug molecules, regulatory constraints, technical feasibility, and
economic viability are significant barriers that must be overcome. Nevertheless, numerous examples of
successful green chemistry initiatives within the pharmaceutical sector demonstrate the feasibility and benefits
of sustainable drug manufacturing.

This research review aims to examine the progress made in adopting green chemistry practices within the
pharmaceutical industry, highlight key advancements, identify challenges, and explore opportunities for future
development. By critically evaluating the existing literature and synthesizing insights from academic research,
industry reports, and regulatory guidelines, this review provides a comprehensive analysis of the current state
of green chemistry in pharmaceutical manufacturing and outlines pathways for further innovation and
collaboration.

Green chemistry, also known as sustainable chemistry, promotes the design of chemical products and processes
that minimize hazardous waste and energy consumption. In recent years, there has been growing interest in
applying green chemistry principles to pharmaceutical manufacturing to address environmental concerns and
enhance sustainability.

Progress in Green Chemistry Adoption Significant progress has been made in integrating green chemistry into
various aspects of pharmaceutical development and production. One notable advancement is the development
of greener synthetic routes using alternative feedstocks and renewable resources. For example, the use of
biocatalysts and enzymatic reactions has enabled the synthesis of complex pharmaceutical intermediates with
high selectivity and minimal waste generation. Additionally, advancements in catalysis, such as the
development of heterogeneous catalysts, have facilitated more efficient and sustainable chemical
transformations

Challenges and Limitations Despite the benefits of green chemistry, several challenges hinder its widespread

adoption in the pharmaceutical industry. One major challenge is the complexity of drug molecules, which
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often require intricate synthetic routes and specialized reagents. Green chemistry approaches must balance
environmental considerations with the need to maintain product quality, safety, and efficacy. Regulatory
constraints and uncertainty regarding the acceptance of alternative processes and materials also pose challenges
to implementation. Moreover, the upfront costs associated with adopting green chemistry practices, such as
equipment upgrades and process optimization, can be prohibitive for some companies.

Future Directions and Opportunities to address the challenges of green chemistry implementation in the
pharmaceutical industry, several strategies can be pursued. Collaboration between academia, industry, and
regulatory agencies is essential to develop and validate green chemistry methodologies. Investments in research
and development are needed to explore innovative approaches to sustainable synthesis, such as flow chemistry
and continuous manufacturing. Furthermore, education and training programs can raise awareness of green
chemistry principles and foster a culture of sustainability within the pharmaceutical workforce.

Conclusion:

The integration of green chemistry principles into the pharmaceutical industry represents a significant step
towards achieving sustainability and environmental responsibility in drug development and manufacturing.
Through the adoption of green synthetic routes, solvent selection and reduction, biocatalysis, process
intensification, waste minimization, and life cycle assessment (LCA), pharmaceutical companies can minimize
their environmental footprint, conserve resources, and reduce the generation of hazardous waste and emissions.
Despite the considerable progress made in implementing green chemistry practices within the pharmaceutical
sector, several challenges remain. The complexity of drug molecules, regulatory constraints, technical
feasibility, and economic viability pose significant barriers to widespread adoption. Additionally, the upfront
costs associated with implementing green chemistry practices, such as equipment upgrades and process
optimization, may deter some companies from fully embracing sustainable manufacturing methods.

However, these challenges also present opportunities for innovation, collaboration, and continuous
improvement. By addressing technical and regulatory hurdles, investing in research and development, and
fostering interdisciplinary collaboration between academia, industry, and regulatory agencies, the
pharmaceutical industry can overcome barriers to green chemistry adoption and accelerate the transition
towards more sustainable manufacturing practices.

Moreover, the benefits of green chemistry extend beyond environmental stewardship to encompass economic
and societal advantages. Companies that embrace green chemistry practices may gain a competitive edge by
reducing operating costs, enhancing product quality and safety, and improving brand reputation. Additionally,
sustainable manufacturing methods can contribute to broader societal goals, such as addressing climate change,
promoting public health, and ensuring access to affordable medicines for all.

In light of these considerations, it is evident that green chemistry holds immense promise for transforming the
pharmaceutical industry into a more sustainable and environmentally responsible sector. By leveraging
advancements in green chemistry research, regulatory incentives, and industry best practices, pharmaceutical
companies can navigate the challenges of sustainability and drive meaningful progress towards a greener and
more resilient future.

In conclusion, while there are challenges to overcome, the potential benefits of integrating green chemistry
into the pharmaceutical industry are substantial. With concerted efforts from stakeholders across the
pharmaceutical supply chain, including companies, researchers, regulators, and consumers, the vision of a

sustainable pharmaceutical industry can be realized. By prioritizing innovation, collaboration, and responsible
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stewardship of resources, the pharmaceutical industry can continue to deliver life-saving medicines while

minimizing its environmental impact and contributing to a healthier, more sustainable world.
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ABSTRACT

Ferromagnetic-ferroelectric particulate composites of 25 % (CoMno2Zno2Fe1604)+75% BaixSrx TiOs were
prepared by conventional ceramic method using composition (x= 0.0, 0.1, 0.2, 0.3). The presence of two
phases in composites was confirmed by XRD technique. The results of XRD pattern shows cubic spinel
structure for ferrite phase and tetragonal perovskite structure for ferroelectric phase. The dielectric constant
g, dielectric loss €’ and dielectric loss tangent (tand) were obtained by measuring the capacitance of the
ferrite, ferroelectric and their composites in the pellet form at room temperature using LCR-Q-Meter bridge
in the frequency range20 Hz-1MHz. The AC conductivity of the sample is calculated from the dielectric
parameters and it shows that the conduction is due to the hopping of charge carriers between localized states.
The frequency dependent AC conductivity (oac) is calculated from dielectric constant and loss tangent
measured and is observed that the dielectric relaxation caused by localized electric charge carriers. It is
observed that the AC conductivity increase with increase in frequency for all the composites. Variation of
drift mobility ( p=1/nep) with temperature of sample is measured from D.C resistivity data. As temperature
increases thermally activated electron increases and resistivity decreases .It is observed that, as temperature
increases drift mobility increases showing semiconducting behaviour.

Keywords: A.C.Conductivity, Drift Mobility, ME composite, Dielectric constant (&), d.c resistivity
I. INTRODUCTION

The magnetoelectric effect is defined as variation of dielectric polarization in the composites on application of
magnetic field or magnetization induced by an external electric field .Magneto electric (ME) effect is shown by
ferroelectromagnetic composite materials consisting of piezomagnetic and piezoelectric phases [1]. The ME
effect is an induced dielectric polarization of a material due to applied magnetic field on it and it is a product
property obtained from the coupling between the piezoelectric effect in the ferroelectric phase and the
magnetostrictive effect in the piezomagnetic phase. These materials have application in magnetic sensors for
DC or A.C magnetic field measurements, transducers or actuators. In order to get large ME effect the
constituent ferrite phase should have high magnetostrictive coefficient and the ferroelectric phase should have
high piezoelectric coefficient and low conductivity [2]. The sum properties of the composites like A.C
electrical conductivity, drift mobility are also equally important as they affect the product property. A sum

property is sum of sum of the contributions from the individual component phases and proportional to the
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molar fraction of these phases in composite. In 1978 Boomgaard mentioned that to get high ME effect in
composites following condition should be obeyed. These are 1.Mechanical contact between grains must be
intimate [3].
2. The value of magnetostriction coefficient of piezomagnetic phase must be high.
3. The value of piezoelectric coefficient of the piezoelectric phase must be high.
4. The developed charges must not leak through the piezomagnetic phase and it should have high resistivity.
The ferroelectric material is barium titanate has high dielectric constant and low loss tangent. Substitution of
Strontium in it enhances dielectric property. Also substitution of Mn and Zn in small fraction in cobalt ferrite
enhances magnetostriction effect and electrical resistivity [4]. Hence principal motivation of the present work
is to investigate the A.C conductivity and drift mobility of 25 % (CoMno2Zno2Fe1604) + 75% BaixSrx TiOs
(x=0.0,0.1,0.2, 0.3)
2 Experimental details
2.1 Preparation of ME composites:
Materials were prepared by the standard ceramic method. The ferrite phase (CoMno.2Zno2Fe1.604) was prepared
by using CO, MnOz, ZnO and Fe:03 in molar proportion as starting materials and their mixture was presintered
at 1100°C for 10h. The ferroelectric phase was prepared using BaCOs, SrCOs and TiO: as starting materials by
varying SrCOs content it. The chemical reaction takes place as follows (1-x) BaCO3 +xSrCO3+TiO2 — BaixSrx
TiO3 +CO2 1. The all materials are from Radial Company with 99.98% purity. In order to prepare their
composites, the formation of single phase cubic spinel ferrite and perovskite tetragonal ferroelectric phase was
confirmed by X-ray diffraction technique. The ME composites were prepared by mixing 25% of ferrite phase
with 75% ferroelectric phase by varying Sr* content in it. The mixture of composite was thoroughly ground for
2-3 hr and pelletized using hydraulic press by applying suitable pressure of 6 ton/inch?. Polyvinyl alcohol in
small amount was used as a binder to make the cylindrical pellets of approximately 10 mm diameter 3 mm
thickness. The ME composites are prepared by using formula 25 % (CoMno.2Zno.2Fe1.604) + 75% Ba1«Srx TiOs (x=
0.0, 0.1, 0.2, 0.3). The pellets of composites were sintered at high temperature of 1150°C for 10 hr in a
programmable muffle furnace and finally cooled slowly to room temperature.
2.2 Characterization of ME composites
The prepared samples were characterised by using X-ray diffractometer. The mixed powders were uniaxially
pressed in a die to form pellets with thickness of about 2.5-3 mm and 10mm in diameter using hydraulic
machine. These pellets were finally sinteredat1200 °C for 10h and furnace cooled up to room temperature.
Powders are used for XRD study and Pallets are used for A.C conductivity and drift mobility properties
measurement.
3. Theoretical Background
The dielectric constant of the samples was calculated from the capacitance (c) and loss tangent (tan §) values
measured using LCR meter bridge (HP4284A) in the frequency range 20Hz—-1MHz using the relation: &=
:()—dA ..(1)
Where cis the capacitance of pellet in Farad, d the thickness of pellet, A the cross-sectional area of the pellet
and eo is the permittivity of free space (& = 8.85x10-12 F/m). The ac conductivity of the samples was estimated
from the dielectric parameters. The ac conductivity (oic) may be calculated using the relation

Oac = WE €0 taN 8 .ocvvveevcirecee, (2) Where & is the permittivity of the free space, @ the angular

frequency and tan § is the loss tangent. It is to be noted that both tan § and & were available from dielectric
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measurements [5]. The resistivity of the samples were calculated by two probe method using the Arrhenius

relation p = pyexp (Ep / k1) Where, E, represents an activation energy, k is Boltzmann constant, p is the
resistivity at absolute temperature T, and po represents the resistivity at OK. From resistivity data the drift
mobility pa is calculated by relation pi=1/nep Where, n-the Avogadro’s number and p —the resistivity, e -
electronic charge.

4 Results and discussion

4.1. Structure Analysis: The X-ray diffraction pattern of piezomagnetic, ferroelectric and composite of 25 %
(CoMno2Zno2Fe1604) + 75% Bai«Srx TiOs (x= 0.0, 0.1, 0.2, 0.3) respectively were determined by XRD technique
using X-ray diffractometer using Cu Ka radiations (A=1.5418A°)is shown in Figl.
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Fig 1. XRD of 25% (CoMno2ZnozFeisOx) + 75% BaixSrx TiOs (x= 0.0, 0.1, 0.2, 0.3)

The pattern shows well-defined peaks and contains no unidentified lines. The X-ray diffraction patterns of the
present ferrite, ferroelectric and composite samples were recorded at room temperature and in the 2 theta
range of 20°-70°. The occurrence of the peaks with specific indices is characteristic of spinel and perovskite
structure. All the XRD peaks are identified and compared with JCPDS data to confirm the phase and found to
have well matching (Cobalt ferrite JCPDS card #22-1086 and Bai1«Srx TiO3 JCPDS card # 83-1877). Intensity of
barium titanate peaks decreases with decrease in percentage of BaTiOs. This indicates that no structural change
was observed even though the composition of composites was varied [6].

4.2 A.C Conductivity:

The frequency dependence of the A.C conductivity is obtained by equation (2). From the plot of conductivity
as a function of frequency in the range of 1 kHz to 2MHz, it is noted that the A.C conductivity (oic) is increases
with increase in frequency for all the composites. Increase in conductivity can be attributed to the hopping
mechanism of polarons due to applied electrical field. The variation of the log of A.C conductivity In(ci) as a
function of log of square of frequencies of composite is shown in fig2. It was noticed that the A.C electrical
conductivity

increases with increase of frequency initially and shows a small dip at higher frequencies. The conduction is
due to hopping of electron between Fe?* and Fe3*ions on the octahedral sites. The frequency dependence of
conduction can be explained with the help of Maxwell-Wagner s two

layer model.
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Fig.2. AC conductivity of 25 % (CoMno2Zno2Fe160+ + 75% BaixSrx TiOs (x= 0.0, 0.1, 0.2, 0.3). It is also clear
that from fig.2,that the conduction is due to the localized electric charge carriers called small polarons which
are responsible for the good ME response [7,8].

4.3 Drift mobility

Variation of D.C resistivity (p) with inverse of temperature for various Strontium content x is as shown in Fig.3
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Fig.3 D.C Resistivity of 25 % (CoMnozZnozFeis01) + 75% BaixSrx TiOs (x= 0.0, 0.1, 0.2, 0.3). From fig.3 is clear
that as Strontium content x increases room temperature resistivity decreases indicating that ferroelectric phase
is most resistive which is more important for enhancing magnetoelectric effect coefficient. The drift mobility
pa is calculated by relation pea=1/nep Where, n-the Avogadro’s number and p-the resistivity, e-electronic
charge [9-11]. It is clear from relation that, as temperature increases drift mobility increases showing
semiconducting behaviour. As temperature increases thermally activated electron increases and resistivity
decreases which result in increase in drift mobility [12, 13].

5. Conclusion:

Dielectric constant, dielectric loss tangent, AC conductivity and drift mobility were investigated in the

frequency range of 1 kHz-2MHz at 300K.The A.C conductivity indicates that conduction occurs by hop-ping
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of charge carriers among localized states. The A.C conductivity (o) increases with increase in frequency. It is
also confirmed the conduction is due to small polarons. The charges which get developed in piezoelectric phase
leak through comparatively low resistance ferrite path. From resistivity measurement it is clear that, as
temperature increases drift mobility increases showing semiconducting behaviour. This suggests that ferrite
and ferroelectric phases are present separately in composites. As temperature increases thermally activated
electron increases and resistivity decreases. It is observed that, as temperature increases drift mobility increases
showing semiconducting behaviour.
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ABSTRACT

In the present work, SnO2 is doped with Polypyrrole (PPy) to form S1, S2, S3 and S4 sensors. Material
characterization was done by XRD and SEM to check crystallinity and porosity respectively. SnO2 doped with
PPy was found to be crystalline with average D size 50 nm to 110 nm. SEM picture showed that S3 sensor has
more porosity and hence has large active area for sensing. S3 sensor showed maximum sensitivity (=1.842) at 72
ppm of ammonia gas at room temperature, among the prepared sensors. Therefore this sensor is best in industrial
application where the NH2 leakage is to be detected.

Keywords: Doping, SnO2, PPy, SEM, Sensitivity.

1. Introduction

Ammonia is widely used in industrial process and medical diagnoses. Hence its detection is very impotent as it
is hazardous gas. In present environment, we face with toxic, volatile and combustible gases in the
environment. Detecting these harmful gases is vital in order to control air pollution, prevent human life, and
protect nature from being damaged.

NH3s sensors based on conducting polymers have shown better sensing responses among various sensors based
on different materials. Polypyrrole (PPy) is one of the most stable conducting polymers under ambient
conditions. It has attracted more attention as an NHs sensor because of its unique conducto-metric response to
NHs[1-3].

Tin dioxide (SnO2) with tetragonal phase is an n-type wide band gap (3.6 eV) semiconductor and suitable for
various applications. Its outstanding electrical, optical and electrochemical properties of SnO:enable

applications in solar cells as well as in gas sensor.

The use of Polypyrrole (PPy) for gas sensing has been a topic of significant research in recent years, due to its
high conductivity, stability, and potential for use in a variety of applications. The use of ferric chloride (FeCls)
as an oxidizing agent in the synthesis of PPy has been shown to further improve its electrical conductivity, and

stability, making it a promising material for use in gas sensing applications [4-5].

The present study deals with the synthesis, characterization of SnO: doped with PPy, and sensitivity

measurement.
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2. Experimental:
A. Synthesis of SnO2 Nanoparticles:

The SnO2 nanoparticles were prepared by the sol-gel method. In a typical procedure, 8 g hydrated tin chloride
(SnCl2-2H20) was dissolved in pure ethanol (C2HsOH). The solution was stirred with a magnetic stirrer for 30
min in a closed three-necked flask. About 5 ml of acetyl acetone was added drop wise for the hydrolysis of
SnOq. After another 30 min, the solution was continuously refluxed at 80°C for 5 h to form the SnO: sol

solution which is then filtered to get nano-powder [6-7].
B. Synthesis of Polypyrole (PPy):

The Py monomer, anhydrous iron (III) chloride (FeCls) and methanol were used as received for synthesis of
PPy. The solution of 7 ml methanol and 1.892 g FeCls was first prepared in round bottom flask. Then 8.4 ml Py
monomer was added to (FeCls + methanol) solution with constant stirring in absence of light. The amount of
Py monomer added to the solution (1/2.33 times of FeCls) was in such a way to get maximum yield. The
resulting black precipitates are filtered and washed with copious amount of distilled water until the washings
are clear. PPy so obtained is dried by keeping in oven at 600°C for 3 h. The synthesized material was
characterized by using XRD and SEM [8].

C. Preparation thick films:

PPy is doped in nanomaterial of SnO2with different weight percentage. The binder was prepared by using 8 wt%
butyl carbitol and 92 wt% ethyl cellulose. On chemically cleaned glass plate, paste of Al203 was screen printed
and it was kept for 24 hr to dry it at room temperature and then heated at 100°C for 2 hrs to remove the binder.
Paste of SnO2+ PPy was then screen printed on Al2Os layer. Again plate was dried at room temperature for 24 h
and binder was removed by heating it at 150°C for 4 hrs. Finally integrated electrons (fig. 1) were made using

silver paint for electrical connections (fig. 2). Sample codes are given in table 1.

Film
P/~ Substrate

Integrated y
Electrodes -‘;‘* -

al 11T
S /).

Fig. (1) Fig. (2)

Table 1: Sample Codes

Sr. No. | Composites Codes
1 95 %Sn0:2 + 5 % PPy S1
2 90 % SnO2+ 10 % PPy S2
3 85 % SnO:2+ 15 % PPy S3
4 80 % SnO:2+ 20 % PPy S4
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3. Result and Discussion:
(i) XRD (X-Ray Diffraction):

Following Fig. 3. Shows XRD pattern of Pure SnO2, PPy & S1, S2, S3, S4 sensors.

Intensity(au)

20 % 4 5 6 70
2 theta (degree)
Fig. 3: XRD of SnO2+PPy system
XRD pattern of PPy manifested amorphous nature of PPy. At 27° broad peak occurred which is the
characteristics of amorphous nature of polypyrrole. The maximum intensity peaks of SnO: are located at 20 =
28.4°, 34.2°, 36.7°, 54.2°, 56.1° and correspond to Bragg reflections (110), (101), (200), (211), (220), respectively.
As doping of PPy in SnO: increases, intensity peak of SnO:2 decreases. XRD pattern showed crystalline nature of
SnO2+ PPy system with crystalline size (D) found to be in the range 50 nm to 110 nm. Crystalline size of S3

sensor was found to be least [9-10].

(ii) SEM Analysis:

The surface morphology of composites of SnO2+PPy materials was studied by SEM.

EHT= 1000V SignalA « SEY Date: 20 Dac 2023 _—_—
WD =964 wm Mag= 1200KX Time: 223138

(a) SnO2 (b) PP (c) S3 sensor
y

Fig. 4: SEM of SnO2+PPy system
From SEM pictures of Pure SnO:z, PPy and SnO: doped with PPy materials, the average diameter of S3 sensor
(85 % SnO2+ 15 % PPy) was found to be least and hence number of pores per inch found to be more. This

shows that S3 sensor has large effective are for sensing ammonia gas [11-12].

(iii) Sensitivity Measurement:

The sensitivity is expressed by the formula: S=(Rx—Ra)/Ra
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Where,

Rx = Resistance of the sensor in presence of NHs gas environment and
Ra = Resistance of the sensor in presence of air.
When PPy is exposed to electron donating

gases such as NH

3

, a redox reaction occurs and its effective

number of charge carrier decreases, thus reducing its
conductance

When PPy is exposed to electron donating

gases such as NH

3

, a redox reaction occurs and its effective

number of charge carrier decreases, thus reducing its

conductance

When PPy is exposed to electron donating gases like NHs3, a redox reaction occurs and its effective number of
charge carrier decreases, thus reducing its conductance i.e. resistance increases during NHs exposure, indicating
a p-type-like gas sensing behavior. SnO:-PPy sensors exhibit good dependence (S3 sensor provides large
surface area) on NHs gas concentration up to 70 ppm, where it reaches a saturation level at room temperature
(300K). The variation of sensitivity with NHs gas concentration is shown in the figure 5. From graph, S3 sensor

showed maximum sensitivity [13-15].

—4—35n02
—i—PPy
——51

Sensitivity

Concentraion of NH3 in ppm

Fig. 5: S3 sensor showing maximum sensitivity at room temperature

4, Conclusion:

Porosity of S3 sample was found to be more and its average crystalline size was found to be 57 nm, from XRD
pattern. S3 sensor showed more sensitivity (about 1.842) at 72 ppm concentration of NHs3 gas among the
remaining sensor. This shows that S3 sensor is best among the other material to sense ammonia gas at room

temperature (300 K).
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ABSTRACT

This work provides a comprehensive review of the latest developments in novel materials exhibiting
significant nonlinear optical properties. Nonlinear optical materials play a crucial role in various applications
ranging from telecommunications to biomedical imaging. In this review, we focus on three main classes of
materials: nonlinear crystals, polymers, and nanoparticles. We discuss the fundamental principles underlying
their nonlinear optical behaviour, recent advances in material design and synthesis, characterization
techniques, and emerging applications. Additionally, we highlight key challenges and future directions in this
rapidly evolving field.

Keywords: Nonlinear optics, nonlinear optical materials, nonlinear crystals, nonlinear polymers

I. INTRODUCTION

Nonlinear optics is a branch of optics that deals with the behaviour of light in materials under intense
electromagnetic fields, where the response of the material is not directly proportional to the applied field.
Unlike linear optics, which primarily concerns itself with phenomena like reflection, refraction, and diffraction,
nonlinear optics explores the interactions between light and matter that lead to nonlinear effects such as
frequency conversion, wave mixing, and optical modulation. Understanding nonlinear optical phenomena has
profound implications across various scientific and technological domains due to its ability to manipulate light
in ways that are not achievable through linear optical processes alone [1].

At the heart of nonlinear optics lies the concept of nonlinear susceptibility, which quantifies how the
polarization of a material responds to an electric field. In linear optics, the polarization is directly proportional
to the electric field strength. However, in nonlinear optics, the polarization can exhibit higher-order
dependencies on the field strength, leading to a wide range of nonlinear effects. These effects arise due to the
nonlinear nature of the material's response to the incident electromagnetic field.

One of the fundamental nonlinear optical processes is second-harmonic generation (SHG), where two photons
of the same frequency combine within a nonlinear medium to generate a new photon with twice the frequency.
This process is governed by the second-order nonlinear susceptibility and is widely used in applications such as

frequency doubling for laser sources, optical parametric amplification, and nonlinear microscopy [2].
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Another important nonlinear effect is the optical Kerr effect, where the refractive index of a material varies
nonlinearly with the intensity of the incident light. This leads to phenomena such as self-focusing, self-phase
modulation, and optical solitons, which find applications in optical communication, ultrafast optics, and laser
physics.

Nonlinear optics also encompasses processes like sum-frequency generation (SFG), difference-frequency
generation (DFG), and four-wave mixing (FWM), where multiple input waves interact within a nonlinear
medium to produce new frequencies. These processes are exploited in wavelength conversion, optical
switching, and spectral analysis techniques [3-5].

The significance of nonlinear optics extends beyond fundamental research to numerous practical applications.
In telecommunications, nonlinear optical processes are used to generate, amplify, and manipulate optical
signals in fiber-optic networks. Nonlinear optical materials play a crucial role in the development of ultrafast
laser sources for spectroscopy, imaging, and materials processing. Additionally, nonlinear optical phenomena
enable the realization of nonlinear optical devices such as frequency converters, optical switches, mode-locking
elements, and nonlinear microscopy systems.

Furthermore, nonlinear optics has applications in quantum information processing, nonlinear spectroscopy,
biomedical imaging, and quantum optics. By harnessing the unique properties of nonlinear optical materials
and phenomena, researchers continue to push the boundaries of optical science and technology, paving the
way for innovations in fields ranging from telecommunications and photonics to quantum computing and
biophotonics.

In summary, nonlinear optics offers a rich playground for exploring the complex interactions between light
and matter, with profound implications for both fundamental research and technological innovation. By
understanding and controlling nonlinear optical phenomena, researchers can develop advanced optical

materials, devices, and systems that drive progress across diverse scientific and engineering disciplines.

IT Motivation for exploring novel materials with enhanced nonlinear optical properties

Exploring novel materials with enhanced nonlinear optical properties is motivated by the quest for more
efficient, versatile, and advanced optical technologies across various scientific and technological domains. The
motivation stems from the limitations of existing materials and the growing demand for innovative solutions to
address current challenges and enable future advancements. Several key factors drive the pursuit of novel
materials with enhanced nonlinear optical properties [6].

Traditional nonlinear optical materials may exhibit limitations such as low conversion efficiencies, narrow
bandwidths, or limited tunability. By exploring novel materials, researchers aim to overcome these limitations
and enhance the performance of nonlinear optical devices and systems. For example, materials with higher
nonlinear susceptibilities or broader transparency ranges can enable more efficient frequency conversion,
better signal quality in telecommunications, and enhanced resolution in nonlinear imaging techniques.
Different applications require nonlinear optical materials with specific properties tailored to their unique
requirements. For instance, materials optimized for ultrafast nonlinear processes are essential for applications in
ultrafast laser technology and femtosecond optics. Similarly, materials with large nonlinear coefficients and low
optical losses are desirable for integrated photonics and quantum information processing. Exploring novel
materials allows researchers to tailor their properties to suit diverse application needs, opening up new

possibilities for innovation.
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The integration of nonlinear optical functionalities with other optical, electronic, or photonic components can
lead to multifunctional devices with enhanced capabilities. Novel materials that exhibit multiple nonlinear
effects simultaneously or can be easily integrated into existing platforms offer opportunities for developing
compact, high-performance optical systems for various applications. For example, nonlinear polymers
compatible with standard microfabrication techniques enable the integration of nonlinear optical components
into photonic circuits for on-chip signal processing and sensing applications [7].

Advances in fields such as quantum information processing, biophotonics, and nonlinear microscopy create
new opportunities and demands for materials with enhanced nonlinear optical properties. Novel materials that
enable efficient photon manipulation, quantum state control, or high-resolution imaging can drive progress in
these emerging technologies and facilitate breakthroughs in fundamental science and practical applications. For
instance, nonlinear optical materials with tailored quantum properties are essential for realizing scalable
quantum computing and communication systems.

With increasing emphasis on sustainability and environmental impact, there is a growing interest in developing
nonlinear optical materials that are eco-friendly, energy-efficient, and compatible with green manufacturing
processes. Exploring novel materials derived from renewable sources, biodegradable polymers, or
environmentally benign synthesis routes aligns with the broader goals of sustainability and responsible

innovation in materials science and engineering [8].

III Nonlinear optical coefficients and their significance:

Nonlinear optical coefficients are parameters that quantify the strength of the nonlinear optical response in a
material. They describe how the polarization of a material varies nonlinearly with the intensity of an incident
electromagnetic field. The significance of these coefficients lies in their ability to govern a wide range of
nonlinear optical phenomena, including frequency conversion, wave mixing, and optical modulation.

By characterizing and understanding the nonlinear optical coefficients of a material, researchers can predict
and control its nonlinear optical behaviour, enabling the design and optimization of nonlinear optical devices
and systems. For instance, materials with higher nonlinear coefficients are desirable for applications requiring
efficient frequency conversion, such as second-harmonic generation and optical parametric amplification.
Moreover, the nonlinear coefficients dictate the strength of nonlinear effects like self-phase modulation and
Kerr effect, which are essential for ultrafast optics, optical switching, and nonlinear microscopy. Overall, the
significance of nonlinear optical coefficients lies in their fundamental role in shaping the nonlinear optical

properties of materials and their practical implications for a wide range of optical technologies [9-10].

IV Nonlinear Crystals

Nonlinear crystals are a class of materials that exhibit significant nonlinear optical properties, making them
essential components in various optical devices and systems. These materials play a crucial role in applications
such as frequency conversion, optical parametric amplification, and ultrafast optics. In this section, we explore
the key characteristics, properties, and applications of nonlinear crystals.

Characteristics of Nonlinear Crystals: Nonlinear crystals possess a crystal lattice structure that lacks inversion
symmetry, leading to a no centrosymmetric arrangement of atoms. This asymmetry allows these materials to

exhibit nonlinear optical effects, as described by the nonlinear susceptibility tensor. Common nonlinear

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9 @



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 124-131

crystals include lithium niobate (LiNbO3), potassium titanyl phosphate (KTP), beta-barium borate (BBO), and
periodically poled crystals.

Nonlinear Optical Effects: Nonlinear crystals enable various nonlinear optical phenomena, including second-
harmonic generation (SHG), sum-frequency generation (SFG), difference-frequency generation (DFG), optical
parametric amplification (OPA), and optical parametric oscillation (OPO). These effects arise due to the
interaction of photons within the crystal lattice, leading to the generation of new frequencies or changes in the
phase or polarization of the incident light.

Properties of Nonlinear Crystals: Nonlinear crystals exhibit several key properties that determine their
suitability for specific applications. These properties include the nonlinear coefficient, phase-matching
capabilities, transparency range, thermal conductivity, damage threshold, and susceptibility to photorefractive
effects. For example, phase matching is crucial for efficient frequency conversion, while high thermal
conductivity is essential for managing heat generation in high-power laser systems.

Crystal Growth Techniques: Nonlinear crystals are typically grown using techniques such as the Czochralski
method, hydrothermal synthesis, flux growth, and the top-seeded solution growth method. These methods
allow for the precise control of crystal composition, purity, size, and orientation, which are critical for
optimizing their nonlinear optical properties.

Applications of Nonlinear Crystals: Nonlinear crystals find widespread use in numerous applications across
various fields:

In telecommunications, nonlinear crystals are used for frequency doubling in laser sources, wavelength
conversion in optical amplifiers, and signal processing in optical switches.

In spectroscopy and microscopy, nonlinear crystals enable nonlinear imaging techniques such as second-
harmonic generation microscopy and coherent anti-Stokes Raman scattering microscopy, providing label-free
contrast and high-resolution imaging capabilities.

In laser technology, nonlinear crystals play a vital role in ultrafast optics, mode-locking, and pulse compression,
facilitating the generation of ultrashort laser pulses for applications in materials processing, surgery, and
scientific research.

In quantum optics and quantum information processing, nonlinear crystals are utilized for photon pair
generation via spontaneous parametric down-conversion, enabling quantum entanglement, teleportation, and
cryptography

In summary, nonlinear crystals are essential materials in nonlinear optics, enabling a wide range of nonlinear
optical phenomena and applications. Their unique properties, combined with advances in crystal growth
techniques and fabrication methods, continue to drive innovations in optical technologies and pave the way for
new advancements in areas such as telecommunications, spectroscopy, microscopy, laser technology, and
quantum optics.

Current challenges and limitations in nonlinear optical materials

Despite the significant progress made in the field of nonlinear optical materials, several challenges and
limitations still exist, hindering their widespread adoption and further advancement. Addressing these
challenges is crucial for realizing the full potential of nonlinear optical technologies and unlocking new

applications. Here, we discuss some of the current challenges and limitations in nonlinear optical materials:

V Nonlinear Coefficients and Efficiency:
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One of the primary challenges is achieving higher nonlinear coefficients in materials, which directly impact
the efficiency of nonlinear optical processes. Many existing materials have relatively low nonlinear coefficients,
requiring high optical intensities for practical applications. Enhancing the nonlinear coefficients would enable
more efficient frequency conversion, modulation, and signal processing, leading to improved performance in
optical devices and systems.

Material Transparency and Absorption:

Nonlinear optical materials often exhibit limited transparency and high optical absorption at certain
wavelengths, particularly in the ultraviolet and infrared regions. This can degrade the performance of
nonlinear devices by introducing unwanted losses and limiting the usable spectral range. Developing materials
with broader transparency windows and reduced absorption is essential for expanding the range of applications
and improving the overall efficiency of nonlinear optical systems.

Material Stability and Photodegradation:

Some nonlinear optical materials are susceptible to photodegradation and chemical instability when exposed to
intense light sources, especially in ultrafast laser applications. Photobleaching, thermal degradation, and
photochemical reactions can lead to changes in material properties and performance over time, affecting device
reliability and longevity. Enhancing the stability and durability of nonlinear materials under high-intensity
optical excitation is critical for achieving long-term stability and reliability in practical applications.

Phase Matching and Dispersion Engineering:

Phase matching is essential for efficient frequency conversion in nonlinear optical processes such as second-
harmonic generation and parametric amplification. However, achieving phase matching over a broad range of
wavelengths and temperature conditions remains a significant challenge, particularly in bulk crystals and
waveguides. Additionally, managing dispersion effects, such as group velocity mismatch and chromatic
dispersion, is essential for maintaining pulse quality and coherence in ultrafast optics and nonlinear
spectroscopy.

Integration and Compatibility:

Integrating nonlinear optical materials into practical devices and systems often requires compatibility with
existing technologies and fabrication processes. Challenges arise in terms of material compatibility, device
integration, and scalability, particularly in the context of integrated photonics, optical communications, and
quantum photonics. Developing hybrid materials, multifunctional platforms, and scalable fabrication
techniques is essential for enabling seamless integration of nonlinear optical functionalities into advanced
optical technologies.

Cost and Scalability:

The cost of nonlinear optical materials and fabrication processes can be prohibitive for widespread adoption,
particularly for high-performance or specialized materials. Additionally, scalability issues may arise in large-
scale production and commercialization, limiting accessibility and practicality for industrial applications.
Addressing cost-effectiveness and scalability concerns through improved synthesis methods, manufacturing
processes, and materials engineering approaches is essential for accelerating the commercialization and
deployment of nonlinear optical technologies.

In summary, addressing the current challenges and limitations in nonlinear optical materials requires
interdisciplinary research efforts spanning materials science, chemistry, physics, and engineering. By

overcoming these obstacles, researchers can unlock new opportunities for advancing nonlinear optical
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technologies and realizing their full potential in diverse applications ranging from telecommunications and
photonics to quantum computing and biophotonics.

Opportunities for interdisciplinary research and collaboration

Opportunities for interdisciplinary research and collaboration abound in the field of nonlinear optical materials,
offering rich avenues for advancing scientific understanding and technological innovation. Interdisciplinary
collaboration can bridge the gap between fundamental research and practical applications, leveraging expertise
from diverse fields to address complex challenges and drive progress in nonlinear optics. Some key
opportunities include:

Material Science and Chemistry: Collaborations between materials scientists and chemists can lead to the
development of novel nonlinear optical materials with tailored properties, enhanced stability, and improved
performance. By exploring new synthesis methods, molecular design strategies, and material processing
techniques, researchers can push the boundaries of material design and synthesis in nonlinear optics.

Physics and Engeniering: Collaboration between physicists and engineers can advance the understanding of
nonlinear optical phenomena and enable the design and optimization of nonlinear optical devices and systems.
By combining theoretical insights with experimental validation and engineering expertise, researchers can
develop innovative solutions for applications such as telecommunications, photonics, and quantum information
processing.

Biology and Biophotonics: Interdisciplinary research at the intersection of biology and biophotonics can lead to
breakthroughs in biomedical imaging, sensing, and diagnostics. By harnessing nonlinear optical techniques for
label-free imaging, molecular sensing, and tissue characterization, researchers can contribute to advances in
fields such as neuroscience, cancer biology, and regenerative medicine.

Overall, interdisciplinary collaboration fosters synergy between different disciplines, driving innovation and
accelerating progress in nonlinear optical materials and their applications. By fostering a collaborative research
environment, scientists and engineers can tackle complex challenges more effectively and unlock new
opportunities for scientific discovery and technological advancement.

Future prospects for novel materials with tailored nonlinearities

The future prospects for novel materials with tailored nonlinearities hold immense promise for advancing
optical technologies and addressing emerging challenges across various domains. By leveraging advances in
materials science, chemistry, and nanotechnology, researchers can design and synthesize materials with
precisely engineered nonlinear optical properties, paving the way for next-generation optical devices and
systems. Some key future prospects include:

Enhanced Performance: Novel materials with tailored nonlinearities offer the potential for significant
improvements in optical device performance, including higher conversion efficiencies, broader spectral
bandwidths, and increased sensitivity. These materials can enable the development of more efficient frequency
converters, ultrafast optical switches, and advanced photonic sensors for applications in telecommunications,
spectroscopy, and sensing.

Multifunctionality and Integration: Future materials may exhibit multifunctional nonlinearities, allowing for
the integration of multiple optical functionalities within a single material platform. This integration can lead to
compact, versatile optical devices with enhanced capabilities, such as simultaneous frequency conversion,
modulation, and signal processing. Moreover, these materials can facilitate the seamless integration of
nonlinear optical functionalities into emerging technologies such as integrated photonics, quantum computing,

and optoelectronics.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9 @



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 124-131

Tailored Quantum Properties: Novel materials with tailored nonlinearities can also enable the realization of
quantum-enhanced optical technologies, exploiting quantum coherence and entanglement for enhanced
performance and novel functionalities. By engineering materials with tailored quantum properties, researchers
can develop advanced quantum photonics platforms for applications in quantum communication, cryptography,
and quantum computing.

Overall, the future prospects for novel materials with tailored nonlinearities hold the potential to revolutionize
optical technologies, driving innovation and enabling new applications across diverse scientific and engineering
disciplines. By continuing to push the boundaries of material design and synthesis, researchers can unlock new
opportunities for manipulating light and harnessing its full potential in the quest for technological

advancement.

VI CONCLUSION:

This comprehensive review has provided insights into the fascinating world of novel materials with significant
nonlinear optical properties. We have explored the fundamental principles underlying nonlinear optical
phenomena, the latest developments in material design and synthesis, characterization techniques, and
emerging applications across various scientific and technological domains.

The review highlights the importance of nonlinear optical materials in advancing optical technologies, from
telecommunications and photonics to biophotonics and quantum information processing. By understanding
and harnessing the unique nonlinearities of these materials, researchers can develop advanced optical devices
and systems with enhanced performance, versatility, and functionality.

Looking ahead, the future of nonlinear optical materials holds tremendous promise for innovation and
discovery. Continued interdisciplinary research and collaboration will play a crucial role in furthering our
understanding of nonlinear optical phenomena, pushing the boundaries of material design, and unlocking new
opportunities for technological advancement.

As we embark on this exciting journey, it is clear that exploring novel materials with significant nonlinear
optical properties will continue to be a focal point of research, driving progress and shaping the future of optics

and photonics in the years to come.
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ABSTRACT

The single crystals of lead iodide and lead iodate have been synthesized by gel method. The growth
parameters were varied to optimize the suitable growth condition. The grown crystals were characterized by
the different techniques. Powder X-ray diffraction pattern confirm the structure of lead iodide as hexagonal
and lead iodate as orthorhombic, also the lattice parameters are closely matching with JCPDS data of lead
iodide and lead iodate. Band gap energy of both the crystals was calculated from the UV-VIS spectrometry.
TGA curve shows that the crystals were thermally stable and decomposed. DSC curves showed endothermic
reactions. The comparison of both the crystals is carried out with help of these techniques.

Keywords: Crystal structure,Single crystal growth, Characterization, X-ray diffraction, Lead iodide, Lead

iodate.
1. Introduction

The applicability of lead iodide and lead iodate in various fields is of very wide spectrum. Single crystals are the
backbone of the modern technology revolution. The impact of single crystals is clearly visible in industries like
semiconductor, optics etc [1]. Lead iodide belongs to the layered semiconductor family, and is a widely
studied semiconductor for various application [2] Lead iodide is a very important material with a
technological applicability as a room temperature radiation detector [3]. It can be widely applied in medicine,
monitoring ecology, nondestructive defectoscopy and X-ray and gamma spectroscopy [4-5]. Lead iodide is a
layered structured of different polytypes that are generally hexagonal in shape [6]. It is predominantly ionic
conductor with a small amount of electron hole conduction. The electron hole conductivity of lead iodide
increases with increase in temperature [7].

Crystals of the iodate family have aroused much interest recently because of high effective nonlinear
coefficient, high laser damage threshold, excellent optical quality in large single crystals, high thermal stability,
low thermal expansion and above all a crystals structure which is acentric due to highly polarized iodate ions
[8-10]. Several iodates have been proposed as non-linear optical materials particularly as second harmonic
generators [11] Most of the iodate compounds are insoluble in water and decompose before melting. Hence,
crystals of such type of compounds cannot be grown by either slow evaporation or melt techniques. In this

situation, gel method is the appropriate one foe their growth [12-13]. Crystals of lead iodate is very interesting
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in view of crystallographic and optical properties [14]. In this paper, we present the growth of lead iodide and
lead iodate single crystals in sodium Metasilicate gel. The grown crystals were characterized by X-ray powder
diffraction (XRD), UV-VIS spectroscopy, Photoluminescence spectroscopy and Thermo Gravimetry Analysis
(TGA) and Differential thermal Calorimetry.

2. Experimental

Single crystals of lead iodide and lead iodate were grown by single diffusion gel technique. The required silica
gel medium was prepared by adding the sodium meta silicate solution of specific gravity 1.04 g/cc drop by drop
with constant stirring by using magnetic stirrer into the 7ml (2N) acetic acid till pH value 4.3 was set for the
mixture. To the above sodium meta silicate solution of pH 4.3, 5 ml aqueous solution of 0.4 M Pb(NOs)2 was
added as inner reagent with constant stirring. This mixture was then transferred to the test tube of length 15
cm and 2.5 cm diameter. To keep the solution free from dust and impurities, care was taken to cover the test
tube. The gel was usually set within 4-8 days. It was left for two more days for gel aging and then the outer
reagent, the aqueous solution of 0.4 M KI and KIOs were added on to the top of the gel. The supernatant were
added down the sides of the test tube using a pipette and not directly on the top the gel medium. Owing to the
diffusion of the outer reagent into the gel medium and its reaction with the inner reagent, crystals started
growing. Nucleation was observed within 24 hours of addition of the outer reagent. Hexagonal shaped of lead
iodide and star shaped of lead iodate crystals was observed. The experiments were carried out at an about room

temperature. Fig.1 and Fig.2 shows the grown crystal of lead iodide and lead iodate.
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Fig.1 Lead iodide Fig.2 Lead iodate

3. Characterization techniques

The crystalline structure of these crystals was analyzed using an X-ray diffractometer (Rigaku, Miniflex model)
using CuKa radiation (A =1.54051A), at 40KV and 15mA. UV-VIS spectrum was recorded employing Shimadzu,
Japan spectrophotometer in order to understand optical characteristics. Thermal stability and decomposition
behavior are studied using Thermo gravimetric Analysis simultaneous thermal analyzer (STA 6000) instrument
for temperature in the range 0 to 900 °C, with a heating range of 3°C/min. The photoluminescence (PL) spectra

of a crystal were measured with a Perkin Elmer LS-55 fluorescence spectrometer.

4, Results and discussion

Lead iodide and lead iodate crystals have been successfully grown in sodium metasilicate gel. The above crystals

are characterized by XRD, optical and thermal studies.
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4.1. X-ray diffraction

1) Lead iodide:

Gel grown Lead iodide crystals were powdered. X-ray diffractograms (XRD) were collected at room
temperature on a Rigaku, Miniflex model. All diffraction patterns were obtained using CuKa radiation (A
=1.54051A), at 40KV and 15mA over the 20 range of 10°-80°. The recorded peaks of the grown crystals were
matching well with the standard data file (JCPDS: 731754). It clearly indicates hexagonal structure with
interplaner distance (d) as 2.13A.The average grain size determined by using Scherrer formula was found to be
27.24nm. The XRD indexed peaks are as shown in fig.1 [15-17].

Lead iodate:

Lead iodate crystals were powdered and X-ray powder diffraction (XRD) data were collected at room
temperature on a Rigaku, Minislex model. All diffraction patterns were obtained using CuKa radiation (A
=1.54051A), at 40KV and 15mA over the 20 range of 10°-80°. The observed peaks of the grown crystal are
matching well with the standard data file (JCPDS: 820477) and indicating orthorhombic structure of lead iodate
having lattice parameters a= 16.70A, b= 5.578A and c= 6.083A and interplaner distance (d) is 2.83A.The

average grain size determined by using Scherrer formula and was estimated to be 28.14nm [15-17].
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3.2 UV-VIS Spectroscopy:-
Lead iodide:

To understand Optical properties of lead iodide, the UV-VIS. absorption data was recorded using
spectrophotometer (Shimadzu, Japan) in the wavelength range of 200 to 800 nm. A graph of wavelength vs

absorbance was plotted and found to give a band gap of 2.92 eV [15].

Lead iodate:
Optical property of lead iodate can be studied using UV-VIS spectroscopy. A fine powdered form of lead iodate

crystals was used as sample. The absorption spectra of lead iodate crystals have been recorded over the

wavelength range 200 to 800 nm. The linear extrapolation of this curve to the energy axis gives the value of

band gap of lead iodate as 2.19 eV [16]
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3.3 Photoluminescence Spectroscopy

Lead iodide

To measure the surface defect of the lead iodide at room temperature Photoluminescence spectra was carried
out shown in figure. The calculated energies for the emission spectra with wavelengths 535nm and 601.03nm
were found to be less than the energy gap found using UV absorption spectra. So, these peaks are due to point

defects in the prepared sample [15]

Lead iodate

To measure the surface defect of the lead iodate at room temperature Photoluminescence spectra were carried
out shown in figure. The calculated energies for the emission spectra with wavelengths 482nm and 532nm
were found to be more than the energy gap found using UV absorption spectra. So, these peaks are due to point
defects in the prepared sample. The violet emission occurs at different wavelength. This is attributed to the

generation of new energy band gap structures as a result of various defects in the lead iodate [16]
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3.4 Thermal analysis:
Lead iodide:
The thermal analysis (TGA, DSC) of gel grown, lead iodide crystals have been carried out in the present work.
The TGA curve of lead iodide crystals figl, was recorded as function of temperature and % weight of loss of

substance. Thermograms of lead iodide crystals shows that there is no loss in weight up to 420°C, hence the
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material is thermally stable, which indicates no possibility of co-ordinate water molecules or any water of
crystallization. Lead iodide crystals melt at around 440°C and slow and gradual weight loss is observed. Then
after, slow decomposition is observed from 440°C to 576°C, and then sudden loss in weight is observed upto
712°C. The DSC curve of lead iodide crystal is represented in fig.4, there is an endothermic peaks at 447.22°C,
706.05°C and 776.61°C. Hence, it is inferred that an endothermic peak must have been caused by a phase
transformation [15]
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Lead iodate:

The thermal analysis (TGA, DTA) of gel grown, lead iodate crystal have been carried out in the present work.
The TGA curve of lead iodate crystals fig 4, were recorded as function of temperature and % weight of loss of
substance. The DTA of lead iodate crystals were recorded and given in fig. 5 respectively. The initial weight of
sample taken for recording the TG/DSC curves was 29.458 mg and heating rate was maintained at 50 °C min.
Thermograms of lead iodate crystals shows that there is no loss in weight up to 300°C, hence the material is
thermally stable, which indicates no possibility of co-ordinate water molecules or any water of crystallization.
Lead iodate crystals melt at around 310°C and slow and gradual weight loss is observed. Then after, slow
decomposition is observed from 310°C to 460°C, and then sudden loss in weight is observed up to 550°C. The
DSC curve of lead iodate crystal is represented in fig.5, there is an endothermic peaks at 479.73 °C, 566.73 °C.

Hence, it is inferred that an endothermic peak must have been caused by a phase transformation [16]
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4. Conclusion

The gel grown crystals of lead iodide and lead iodate were characterized and their comparative results are
tabulated as bellow.

Compound Lead Iodide Lead Iodate

Structure Hexagonal Orthorhombic

Grain size 27.24 nm 28.14 nm

Band gap 292 ev 2.19 ev

Point defect 535nm and 601.03 | 482nm and 532nm
nm

Thermally stable 420°C 300°C

i) The XRD study of both the crystals shows that the structure of lead iodide is hexagonal and
it’s grain size is found to be 27.24 nm while the structure of lead iodate is observed to be
orthorhombic with grain size of 28.14 nm.

ii) In the optical study of these crystals by UV-VIS technique, the optical band gap energy of
lead iodide is estimated to be 2.92 eV while that of lead iodate as 2.19 eV.

iii) The photoluminescence study of these crystals detected the point defects. The point defect

is found to be at 535nm and 601.03 nm in lead iodide crystals while 482nm and 532nm in

case of lead iodate crystals.

iv) In the thermal study of these crystals such as TGA, the thermal stability of these crystals

are to be noted. The thermal stability of lead iodide is observed to be at 420°C and 300°C
for lead iodate crystal
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ABSTRACT

Cadmium sulfide (CdS) thin films with nanocrystalline structure have been deposited on glass substrate. Low cost, simple and
inexpensive chemical bath deposition technique is used for the synthesis of CdS thin films. Prepared films have been
characterized by XRD, SEM, UV-VIS spectroscopy and the results are discussed in detail. The XRD study reveals that the
prepared films have cubic structure. The optical and solid state properties such as absorbance, extinction coefficient,
refractive index, dielectric constant, optical conductivity have been investigated for the photovoltaic applications. The band
gap measured was found in the range of 2.36 eV t0 2.71 eV.

Keywords: Chemical bath, cadmium sulfide, thin film.

I. INTRODUCTION

Numbers of deposition techniques have been reported for the synthesis of thin films such as electro deposition,
sputtering, spray pyrolysis, vacuum evaporation, chemical vapour deposition technique, etc. Out of this chemical
deposition technique has become more popular in recent decades, especially for thin film deposition, due to its
numerous advantages. It is low cost, simple, easy, and convenient method for large area preparation of thin films, at
close to room temperature. Also films can be deposited on different kinds, shapes and sizes of substrates [1-4].

CdS is an important & useful material for optoelectronic applications, because its expected gap emission lies very
close to the highest sensitivity of the human eye. Thus one might assume that CdS thinfilms are an appealing host
for photonic devices. For the development of such optoelectronic devices, CdS thin films require comprehensive
optical & solid state characterization. The physical properties were studied earlier by our group [3-6].

In this work, CdS thin films have been synthesized successfully using different cadmium ion sources and structural,
optical & solid state properties were reported. The objective is to provide the comprehensive study of optical &
solid state properties of CdS thin films useful for optoelectronic applications, especially solar cells.

II. EXPERIMENTAL DETAILS

CdS thin films were deposited by the controlled chemical bath deposition technique using various cadmium ion
sources such as cadmium chloride, cadmium sulfate, cadmium nitrate and cadmium lodide and thiourea as sulfur
ion source. 0.1 M cadmium ion source solution and an equal volume of 0.2 M thiourea solution was added in 100-
120 ml of de-ionized water. Ammonia was added slowly to adjust the pH. The solution was stirred and transferred
to another container containing substrate. The resulting solution was kept at 70+2°C for 40 minutes. The substrate
used is glass slide. Cleaning of substrate is important in deposition of thin films[12-15] The crystallographic

Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
and reproduction in any medium for non-commercial use provided the original author and source are credited.
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structure of films was analyzed with a diffractometer (EXPERT-PRO) by using Cu-Ka lines (A= 1.542A). The
average grain size in the deposited films was obtained from a Debye-Scherrer’s formula. Surface morphology was
examined by JEOL model JSM-6400 scanning electron microscope (SEM). Optical properties were measured at
room temperature by using Perklin-Elmer UV-VIS lambda-35 spectrometer in the wavelength range 100-1000nm.

III. RESULTS AND DISCUSSION

1.1 Structural & Morphological Studies

Fig. 1 shows the XRD pattern of CdS thin films for various cadmium ion sources. The as-deposited CdS film shows
two dominant crystalline peaks (200) and (311). A comparison of the peak position (20 values) of the JCPDS XRD
spectra data for CdS suggests that the as-deposited CdS films have the cubic structure with the X-ray diffraction
peaks corresponding to (200) and (311) peaks.

The average grain size (g) has been obtained from the XRD patterns using Debye-Scherrer’s formula, [7-8]
g=KA/P cosb

Where, K = constant taken to be 0.94,

A = wavelength of X-ray used (1.542A),

B =FWHM of the peak and

6 = Bragg’s angle.

The estimated grain size for various cadmium ion sources is in the range between 2.95nm to 3.64nm. (Table 1)

| (2003

C200Y

e W TR

Fig. 1 XRD pattern of CdS films for different cadmium sources.
1.2 Optical Studies
Fig. 2 shows the optical absorbance spectra of CdS thin films for all four cadmium sources. All the films shows low
absorbance in the visible/near infrared region from ~500nm to 1100nm. However the absorbance is more than 80%
in the ultraviolet region. It is observed that with the cadmium source the absorbance edge shifts towards the longer
wavelengths. Similar behaviors in the optical spectra of CdS films prepared by other technique have been reported
elsewhere. The sharp fall in absorbance near 500nm is an identification of good crystallinity of films. [5-7]
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Fig. 2 Plot of (ahv)2 vs hv for all CdS films

From the absorbance data, the absorption co-efficient a was calculated using Lambert’s law [10], In (10/It) = 2.303
A=23031og1/T=ad
where, 10 and It are the intensity of incident and transmitted light respectively. A the absorbance, T the optical
transmission and d the film thickness.
The absorption co-efficient o was found to follow the relation,

a=[A (hv - Eg)1/2] hv
The band gap Eg was determined from each film by plotting (ahv)2 versus hv and then extrapolating the straight
line portion to the energy axis at a =0. The band gap energy Eg obtained for each Cd source is different. CdCI2-
based film has the least band gap (2.39eV) and CdSO4-based film has highest band gap (2.68eV). The band gap of
other two films is intermediate. Fig. 3 shows all band gap values observed are closest to the band gap of single
crystal CdS (2.42eV) [7-11].

600 -
— Cd504

500 - —cd(l)2
cd(ND32)2
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100 /—
. .
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-100 -

Photon Energy (eV)

Fig. 3 Plot of (ahv)2 vs hv for all CdS films
The variation of refractive index (n) with hv for all CdS thin films is shown in fig 4. The average values of n ranged
between 1.897 and 2.109 with maximum values that ranged between 2.176 and 2.421 as the Cd source changes
from CdSO4 to Cdl2.

3 -
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2 4 T ——
=
1.5
n Cds04
1 4 n Cd(l)2
nCd{MD3)2
nCcdclz
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Fig. 4 Variation of R I (n) with wavelength for all CdS thin films.
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The variation of extinction coefficient (k) with hv for all CdS thin films is shown in fig 5. The average values of k
ranged between 0.0347 and 0.0458 with maximum values that ranged between 0.0642 and 0.1266 as the Cd source

changes from CdSO4 to CdlI2.
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kcd(z
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Fig. 5 Variation of k with hv for all CdS thin films
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Fig. 6 Variation of er with wavelength for all CdS

The plot of er and &i against wavelength are shown in fig. 6 and Fig. 7 respectively. The average values of er ranged
between 4.02 and 4.57 with maximum values that ranged between 4.63 and 6.21 as the Cd source changes from

CdSO4 to CdI2.

On other hand the average values of i that ranged between 0.12 and 0.38 with maximum values that ranged

between 0.57 and 1.29 as the Cd source changes from CdSO4 to CdI2 for all the samples.

A plot of optical conductivity (o) against wavelength is shown in Fig. 8. It has the average values that ranged
between 3.056x1013 S-1 and 4.645 x1013 S-1 with maximum values that ranged between 7.108x1013 S-1 and
12.143x1013 S-1 as the Cd source changes from CdSO4 to CdI2
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Fig. 7 Variation of i with wavelength for all CdS thin films.
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Fig. 8 Variation of ¢ with wavelength for all CdS thin films.

It is observed that the values of optical constants (n, k, er, €i, 6 ) were very sensitive with the Cd ion source. The
value of optical conductivity is high in case of CdI2.

Table 1 shows the summary of obtained results.

Cd Grain Max Max Max Max Max Energy
source size n k &r & ¢ x10% EEITSLELD
(nm) 51 (eV)
CdSO, 3.641 2.18 0.062 4.62 0.28 7.21 2.71
Cd(NOs3)2 3.163 2.24 0.074 5.54 0.33 8.43 248
CdcCl, 3.109 2.39 0.112 571 0.37 8.12 2.56
Cdl; 2.953 242 0.127 6.21 0.51 11.42 2.36
Cd Grain Max Max Max Max Max Energy
source size n k &r & ¢ x10% EEITSLEL
(nm) 51 (eV)
CdSO, 3.641 2.18 0.062 4.62 0.28 7.21 2.71
Cd(NO3)> 3.163 2.24 0.074 5.54 0.33 8.43 248
CdCl, 3.109 2.39 0.112 5.71 0.37 8.12 2.56
Cdl; 2.953 242 0.127 6.21 0.51 11.42 2.36

Table 1. Optical & solid state properties with Cd sources for all CdS thin films.
IV. CONCLUSIONS
CdS thin films with various Cd ion sources have been successfully deposited by chemical deposition technique. The

effects of Cd source on the optical and solid state properties have been studied. The UV-VIS spectroscopy showed
high (>80%) transmittance, and low absorbance in the visible near infrared region from ~500nm onwards and poor
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transmittance in UV region. This makes the films suitable for optoelectronic devices, for instance window layers in
solar cells also effective as protective coatings.
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ABSTRACT

The complex dielectric permittivity measurements of binary mixture of xylitol — water mixtures have
been carried out in the frequency range of 10 MHz to 30 GHz using a time domain reflectometry
technique .These measurements have been carried out for different mole fractions of xylitol in water
(Xx). These measurements have been done at four different temperatures from 10°C to 25°C. The
different dielectric parameters such as static dielectric constant, complex permittivity, relaxation time
have been calculated. The interaction between xylitol and water molecules has been studied by the
dielectric parameters. The dielectric relaxation behaviour of xylitol water mixture is studied by using
Cole — Davidson model.

Keywords. Time domain reflectometry, Dielectric relaxation, Complex permittivity

1. INTRODUCTION

The technique of dielectric relaxation spectroscopy (DRS) has shown to be effective in assessing the structural and
dynamic properties of liquids that mostly consist of hydrogen bonds. Liquids that form hydrogen bonds and have
more than three hydroxyl groups and an aliphatic carbon chain are known as polyhydric alcohols or polyols [1]. A
sugar alcohol molecule composed of linear backbone chain with OH group attached to every carbon atom. They can
be produced via catalytic hydrogenation, reduction of free sugars with sodium amalgam, or sodium borohydride in
water. Compared to other carbohydrates, sugar alcohols have less of an impact on blood glucose (blood sugar) and
deliver less calories than sugar [1-3]. Xylitol (C5H1205) is a sugar alcohol having five carbon atoms and five OH
xylitol. It can be found naturally or artificially prepared mainly from plant materials chemically or by fermentation
of hemicelluloses from agricultural groups (NC =NOH). Figure 1 shows the structure of biomass by yeast or
bacteria strains. Xylitol is commonly used as sweetener. This polyol has a significant antiplaque effect on teeth
surface and can reduce the gingival inflammation [2,3]. Bokhare A.D. et al. have conducted the dielectric relaxation
and hydrogen bonding interactions of D-sorbitol at various concentrations in water[4]. D N Rander et al. has studied
the complex dielectric spectra of xylitol-water mixtures in the frequency range 10 MHz - 30 GHz from 0 to 25° C
at different weight fractions of of xylitol (0 < Wx < 0.7)[5]. Hydration and aggregation of aqueous xylitol solution
has been studied by Iwona Plowas - Korus et al. at solute concentrations ¢<3.4M at 5,25,45,65° C in the

frequency range 0.05<x v < 89 interpreted in terms of 5D model [6] .

Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative @
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In the present paper the molecular interaction through hydrogen bonding at different concentrations and temperature
is demonstrated among the binary mixtures of xylitol-water. The dielectric characteristics variations are investigated
in the frequency range 10MHz to 30GHz using the time domain reflectometry technique (TDR). Using the least
square fit method static dielectric constant (€0), relaxation time (1) are evaluated and discussed. To explore
intermolecular interaction in different molecules Kirkwood correlation factors were calculated.

CH,OH
H——OH
HO——H
H——OH
CH,OH
Figure 1. The structure of xylitol

2. METHODS AND MATERIAL

2.1 Materials

Xylitol was obtained commercially from Sigma — Aldrich Ltd and used without further purification. The water used
in the preparation of mixture was obtained by double distillation process. The solutions were prepared at different
mole fractions of xylitol in water maintaining a consistent water weight.

2.2 Measurement

The TDR technique was used to obtain the dielectric spectra [7]. The Tektronix model no. DSA8200 sampling
mainframe along with the dual channel sampling module 80E10B was used for the time domain reflectometre. Fig 2
shows the block diagram of TDR. The sampling module provides a 12 ps incident and 15 ps reflected rise time
pulse. These reflected pulses without sample R1(t) and with sample Rx(t) were recorded in a time window of 5 ns
and digitized in 2000 points are shown in figure 3. Coaxial cable with an impedance of 50 ohms, an inner diameter
of 0.28 mm, and an outer diameter of 1.19 mm is used to provide the pulse. The addition [p(t)=R1(t)+RX(t)] and
substraction [q(t)=R1(t)-RX(t)] of these pulses are done in oscilloscope memory. These substracted and added
pulses are delivered to computer for further analysis. The Fourier transformation of the pulses and data analysis was
completed earlier in order to obtain the complex permittivity spectra in the frequency range 10MHz to 30GHz using
the non linear least square fit method.

Experimental Setup of Time Domain Reflectometry (TDR)

Fig 2. Block diagram of TDR
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3. RESULTS AND DISCUSSION

3.1 Complex permittivity spectra

The frequency dependent complex permittivity spectra for xylitol-water at various concentrations produced by the
time domain reflectometry technique (TDR) at 25°C are shown in Figure 3. The plot shows that the dielectric
permittivity (¢’) is decreases with increasing the concentration of xylitol in water and with increasing frequency
which indicates the dielectric dispersion. These outcomes are in good agreement with the findings of D N Rander et
al.[5] The dielectric permittivity also increases with decreasing the temperature. The reason could be that there is a
higher chance of hydrogen bonds forming when temperature decreases [8]. It is also observed from graph that the
dielectric loss shows peaks at certain frequencies and these peaks are shifted towards the lower frequencies as
increasing the concentration of xylitol in water. For pure water the loss peak is around 16-19 GHz whereas for
XX=0.128 it is observed to be around 2-3 GHz [5].

The complex permittivity spectra obtained with TDR are fitted to the Havriliak -Negami expression using the non —
linear least square fit method

y <
G

T
oo o

-
----- .. L e L LLT]

T T

-

-

JRIE

Frequency (GHz)

Fig 3. frequency dependent dielectric complex permittivity spectra of xylitol — water mixture for various
concentrations at 25°C
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Where ¢ 0 is the static dielectric constant which represents the equilibrium behaviour, ¢ = is the permittivity at
high frequency which represents the instantaneous behaviour, T is the relaxation time, a and B are the shape
parameters describing the symmetric and asymmetric distribution of relaxation time respectively and « is the
angular frequency[9,10]. The B value indicates the asymmetric distribution of relaxation width (0<< B <1).

3.2 Static dielectric constant (€0)

The high €0 value of the water molecule suggests that hydroxyl groups have a significant impact on a molecules
dielectric constant value (€0) [11]. As the number of carbon atoms increases in the chain of molecule, €0 value
decreases. Xylitol molecule have five carbon atoms but water molecule does not have any carbon atom. So the €0
value of xylitol is very low as compared to water having value 40 in pure form. It is nearly half of the value of water
molecule. On compairing this value of xylitol with an alcohol containing equal number of carbon atoms but having
only one OH group (pentanol) has €0 value at 25°C is 15.23 [12] ,which is much smaller than that of the €0 value of
xylitol. This reduced value in €0 is compensated by the five hydroxyl groups. Figure 4 shows €0 of xylitol-water as
a function of mole fraction of xylitol. The €0 value of water at 25°C is 77.82 and that of 0.128 xylitol is 62.68 . on
adding 55% of xylitol reduces the €0 value by small amount .this gives the significant impact of OH group on
dielectric constant value and gives the cooperative nature in the binary mixtures of xylitol — water molecules.

28
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=4 15%C
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- -
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muole fraction of xvlitol in water
Fig 4.variation of Static dielectric constant (€0) with mole fraction of xylitol in water (Xx) at different temperatures

3.3 Relaxation time (1)

There are several factors such as hydrogen bond forming functional group, chain length of a molecule, viscosity,
temperature etc which affects the relaxation time [11,12]. As shown in Fig 5. the dielectric relaxation time increases
non linearly with increasing concentration of xylitol in water. In the first half of the graph the increase in relaxation
time is slow which is the water rich region and in the second half of the graph, the increase in the relaxation time is
sharp which is the xylitol rich region. That may be owing to the cooperative nature of water and xylitol molecules.
These outcomes are in good agreement with the findings of D N Rander et al. [5]. There are many possibilities for
water and xylitol molecules to break and reform hydrogen bonds among the water-water, water-xylitol and xylitol-
xylitol molecules. from the graph it is observed that as the temperature decreases the non linear nature of relaxation
time increases. This suggests that with increase in molecular association in xylitol-water, clusters of unlike
molecules may form [8]. It is observed from the table that in the water rich region the value of B is nearly equal to 1
which shows the relaxation is close to Debye type. As the concentration of

xylitol in water increases, the value of f becomes smaller than 1.this shows that the complex permittivity spectra
deviating from Debye to Cole-Davidson type [13]. The values of €0, T and [ are given in table 1.
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Table 1 .Dielectric parameters: Dielectric constant (0 ), Relaxation time (1), Asymmetric distribution parameter (3)
for xylitol — water mixture

4.Conclusion

This work reports the temperature dependent dielectric parameters of aqueous xylitol solution using the time
domain reflectometry technique in the frequency range 10 MHz to 30 GHz. The dielectric permittivity spectrum
concludes that as the concentration of xylitol in water increases the dielectric constant decreases and relaxation
time increases. The dielectric parameters are described by using the Cole — Davidson model.
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ABSTRACT

The dielectric relaxation study of tert-Butyl alcohol [TB] with ethylene glycol[EG] were determined in the
frequency range of 10 MHz to 20 GHz using time domain reflectometry (TDR) in the temperature range 25°C and
35°C for 11 different concentrations of the system. The dielectric parameters viz. static dielectric constant (o),
dielectric constant at infinite frequency (e.) and relaxation time (t) have been obtained by the least squares fit
method. The Kirkwood correlation factor of the mixtures have also been determined. For temperature range,
considered here, the permittivity increases and relaxation time decreases with the percentage of ethylene glycol
[EG]. The Static dielectric constant for the mixtures have been fitted with Bruggeman model.

Keywords: Time domain reflectometry, excess parameter, Kirkwood correlation factor, Brugmann factor.

I. INTRODUCTION

The dielectric relaxation of binary polar liquids provides information regarding solute- solvent interactions [1-
3]. In this work, we report the dielectric study of tert-butyl alcohol (TB) with ethylene glycol [EG] mixture;
both are -OH group molecule. It is interesting to see the effect of mixtures of -OH group molecule. The
objective of the present paper is to report the detailed dielectric relaxation study of tert-butyl alcohol (TB) with
ethylene glycol [EG] mixtures using TDR at different temperatures.
2. EXPERIMENTAL

2.1 Materials
TB and EG (Merck Pvt. Ltd., West Mumbai, India) were used without further purification. The solutions were
prepared at 11 different volume percentage of EG from 0 % to 100 % in steps of 10 %.Using these volume
percents the mole fraction is calculated as-
x1 = (vipymi) /[ (vipymi) + (v2p2mz) ]
where mi, vi, and pi represent the molecular weight, volume percent, and density of the i (i=1, 2) liquids,
respectively. The density and molecular weight of the liquids[2,5] at 25°C are as follows
Tert-Butyl alcohol[TB] -Density - 0.8063 gm.cm= ; Mol. Wt.- 74.121.
Ethylene glycol[EG]  -Density - 1.1135 gm.cm.? ; Mol. Wt.- 62.068.
2.2 Apparatus

The complex permittivity spectra were studied using the time domain reflectometry [4-5] method. The
Hewlett Packard HP 54750 sampling oscilloscope with HP 54754A TDR plug in module has been used. A fast
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rising step voltage pulse of about 39 ps rise time generated by a pulse generator was propagated through a

coaxial line system of characteristic impedance 50 Ohm.
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Figure 1.

a) p'(o) spectra of TB-EG for 80 % of TB at 25°C.

b) €'(w) spectra of TB-EG for 80 % of TB at 25°C.
Transmission line system under test was placed at the end of coaxial line in the standard military applications
(SMA) coaxial connector with 3.5 mm outer diameter and 1.35 mm effective pin length. All measurements
were carried out under open load conditions. The change in the pulse after reflection from the sample placed in
the cell was monitored by the sampling oscilloscope. In the experiment, time window of 5 ns was used. The
reflected pulse without sample Ri(t) and with sample Rx(t) were digitized in 1024 points in the memory of the
oscilloscope and transferred to a PC through 1.44 MB floppy diskette drive.
The temperature controller system with water bath and a thermostat has been used to maintain the constant

temperature within the accuracy limit of £1°C. The sample cell is surrounded by a heat insulating container
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through which the water of constant temperature using a temperature controller system is circulated. The
temperature at the cell is checked using the electronic thermometer.

3. DATA ANALYSIS
The time dependent data were processed to obtain complex reflection coefficient spectra ['() over the
frequency range from 10 MHz to 20 GHz using Fourier transformation [6,7] as

0'(@)=(c/j0d)[p(0)/q(D)] (1)

1. Comparison of data for the liquids used with literature values at 25%.

TB EG
25°C Ref. Reported | Ref. values | Reported
values 2 values b values
€0 11.50 11.89 40.89 40.16
€ 3.00 3.26 4.16 424
T 276.9 289.15 104.6 109.181

aRef. is [1] and Pref. is [2].

where p(o) and q(w) are Fourier transforms of [Ri(t)- Rx(t)]) and [Ru(t) + Rx(t)] respectively, c is the
velocity of light, o is angular frequency, d is the effective pin length and j= J-1.

The complex permittivity spectra £"(w) were obtained from reflection coefficient spectra p*(w) by applying
bilinear calibration method [4].

The experimental values of £"(w) are fitted with the Debye equation [8]

*( _ 80_800
(o) = 1+ jot

Exo +

2

with €0, €, and t as fitting parameters. A nonlinear least-squares fit method [9] was used to determine the values of
dielectric parameters. A sample of complex reflection coefficient p"(w) and complex permittivity spectra £"(w) are
shown in Figure 1 a,b. This corresponds to 60% of TB and 40% of EG mixture at 25°C.

4. RESULTS AND DISCUSSION

The values of &g, e-and t for the pure liquids used are given in Table 1. The static dielectric constant (&), dielectric
constant at infinite frequency (e.) and relaxation time (t) obtained by fitting experimental data with the Debye
equation are listed in Table 2. The values of dielectric constant (go) increases and relaxation time decreases with
temperature as expected. Figure 2, shows the behavior of static dielectric constant and relaxation time for the system
as a function of mole fraction of EG in TB at different temperatures.

The Kirkwood correlation factor gr [10] is also a parameter for getting information regarding orientation of
electric dipoles in polar liquids.

The g+ for pure liquid may be obtained by the expression

4H N/’l ? p _ (80 _goo )(280 +goo )
9kTM g,(e,+2)?

where p is dipole moment in gas phase, p is density at temperature T, M is molecular weight, k is Boltzmann
constant, N is Avogadro’s number. The dipole moments for TB and EG in gas phase are taken as 1.69 D and 2.2
D[11] respectively.
For the mixture of two polar liquids 1, 2 Eq. (3) is modified by [12] with the following assumptions:
Assume that g for the binary mixture is expressed by an effective averaged correlation factor g* such that

()

f
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4HN lulzpl ¢+lu22p2 ¢ geff — (gOm_gmm)(280m+goom) (4)
kT | M, ™ M, ? Eon (Em+2)?

with ¢1 and ¢2 as volume fractions of liquids 1 and 2 respectively.

Table 2. Temperature dependent dielectric relaxation parameters for TB+EG mixtures’

X2 | T=25°C | T=35°C E | T=25°C | 35°C

&0
0.0000 | 11.89(1) 11.31(0) 0.7121 31.18(7) 30.66(7)
0.1549 | 19.01(6) 18.31(4) 0.7937 34.09(8) 32.93(3)
0.2919 | 22.78(8) 21.66(7) 0.8684 36.59(4) 34.66(4)
0.4141 | 25.01(7) 24.54(6) 0.9369 38.65(2) 36.83(2)
05237 | 27.95(3) 27.27(5) 1.0000 40.76(0) 39.39(8)
0.6225 | 29.94(6) 28.52(8)

Ew
0.0000 | 3.26(1) 3.09(0) 0.7121 4.04(4) 3.76(5)
0.1549 | 3.51(3) 3.31(5) 0.7937 4.12(5) 3.89(6)
0.2919 | 3.68(6) 3.37(3) 0.8684 4.15(3) 4.08(1)
0.4141 | 3.75(5) 3.41(11) 0.9369 4.17(4) 4.16(3)
05237 | 3.84(11) 3.57(6) 1.0000 4.24(0) 431(1)
0.6225 | 3.92(7) 3.64(9)

(ps)

0.0000 | 289.15(0) 251.30(0) 0.7121 187.06(3) 138.64(13)
0.1549 | 258.19(4) 222.49(7) 0.7937 162.12(7) 119.69(6)
0.2919 | 241.99(8) 209.95(3) 0.8684 145.23(8) 101.40(3)
0.4141 | 233.97(7) 181.12(7) 0.9369 119.05(3) 97.96(4)
05237 |215.90(11) |165.18(13) | 1.0000 109.18(0) 79.29(0)
0.6225 | 205.62(6) 153.50(11)

* x2 is the mole fraction of EG in TB. Number in bracket represent error in the corresponding value, e.g., means
19.01(6) means 19.01 + 0.6.

In equation (4), the values of g will change from g to g as concentration of molecule 2 will decrease from
100% to 0%. The Kirkwood correlation factor, g, which gives angular correlation between the molecules of the
system, are less than 1. The values of g*ff and g are calculated from equation (3) and (4) are shown in Figure 3
for the mixtures of the system. Errors are also estimated by assuming 2 % error in the values of the
permittivity. The effective values of the correlation factor for EG are larger than the corresponding value in TB.
Initially grvalue increases to its peak value at 100 % of TB then it decreases up to 40 %. Further from 50 % it
increases linearly to the EG pure value. The gr values are less than unity. The correlation factor g provides
information about formation of multimers in the liquid as

i) g=1 indicates, there is no interaction between the molecules in liquid. The system may be considered like

nonpolar.
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ii) g < 1 indicates that the intermolecular interaction is such that the total effective value of dipoles gets
reduced. It suggests antiparallel alignment of dipoles.

iii) g > 1 indicates parallel alignment of dipoles in multimers.

——T=25°C =-T=35°C
€
Mole fraction of EG
——T=25°C —=&-T=35°C
T (ps)

(b)

Mole fraction of EG

Figure 2. (a) Static dielectric constant (g0), (b) relaxation time (t), versus mole fraction (x2) of EG in TB at
different temperatures.
The modified Bruggeman equation [13] is another parameter, which may be used an indicator of liquid 1 and 2

interaction. The Bruggeman factor fs is given by,

1/3
f=(uj[g—°J =1 ¢,) )
€17€w N €om

According to equation (5), a linear relationship is expected which will give a straight line when plotted fs
against ¢2. However, here the experimental values of fs were found to deviate from the linear relationship.

To fit the experimental data, Eq. (5) has been modified [14]
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o= 1-[a-(a-1)d2] 2 (6)

where 'a' is numerical fitting parameter. The parameters ‘a’ has been determined by the least squares fit method
and it is found to be 0.314, and -0.142 for temperature 25°C, 35°C respectively. The value of ‘a’ = 1 corresponds
to the ideal Bruggeman mixture formula. The deviation from 1 relates to corresponding liquids 1 and 2
interaction.

Thermodynamic properties may be used to access the dipole under the influence of applied field. When two
liquids are mixed together, there is change in energy of the system. This change in energy can be interpreted in

terms of its activation energy.

gef'f
——T=25°C —=-T=35°C
Volume fraction of EG in TB
(b)
O
——T1=25°C -—=-T=35°C
Volume fraction of EG in TB
Figure 3. (a) Variation of geff versus Volume fraction of EG in TB at various temperatures.

(b) Variation of gr versus Volume fraction of EG in TB at various temperatures.
The thermodynamic parameters like molar enthalpy of activation AH and molar entropy of activation AS are

determined from the Eyring rate equation [15] by least square fit method as
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t= ' exp (AH-TAS) /RT )
KT

The values of enthalpy are positive and remain positive for all the concentrations studied. The positive values
of enthalpy indicate endothermic interaction and strong hydrogen bonding between liquid 1 and liquid 2. The
increase in enthalpy suggests that there is more hydrogen bonding. The thermodynamic parameters evaluated
by considering dielectric relaxation and viscosity as rate process are independent of temperature within the
experimental errors. The values reported are average values. The viscous flow involves translation and
rotational motion of the molecules. Enthalpy refers to the total energy content of the system. It is basically the
difference in heat of the product and reactants. Entropy is a term for disorder in a system and that the overall
entropy in a system always increases. The molar energy of activation AH is greater for tert-Butyl alcohol than

EG indicating that there is more hydrogen bonding for pure liquid state.
5. CONCLUSION

Dielectric relaxation data provide information regarding solute-solvent interaction in liquids. The dielectric

behavior of this binary mixture is found to agree with the modified Bruggeman equation.
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ABSTRACT

Biowaste materials, generated from various organic sources, have garnered increasing attention in recent years for
their potential in environmental applications. This paper presents a detailed review of the utilization of biowaste
materials for various environmental purposes, including but not limited to waste management, soil remediation,
water treatment, and renewable energy production. The paper discusses the diverse types of biowaste materials
available, their characteristics, and their applications in mitigating environmental challenges. Furthermore, it
examines the current state-of-the-art techniques and technologies employed for harnessing the potential of
biowaste materials, along with the challenges and future prospects in this field.

Keywords : Biowaste, water treatment, pollution, waste management

I. INTRODUCTION

1.1 Background:

Biowaste materials, derived from organic sources such as agriculture, food production, and municipal activities,
represent a significant portion of global waste streams. With increasing urbanization and population growth,
the management of biowaste has become a pressing environmental issue. Biowaste not only occupies valuable
landfill space but also contributes to greenhouse gas emissions and environmental pollution if not managed
properly. Consequently, there is a growing need for sustainable strategies to utilize biowaste effectively while

mitigating its environmental impact.

1.2 Objectives:

The primary objective of this research paper is to provide a comprehensive review of the utilization of biowaste
materials for various environmental applications. By examining the types, characteristics, and potential
applications of biowaste, this paper aims to elucidate the role of biowaste in waste management, soil
remediation, water treatment, and renewable energy production. Additionally, the paper seeks to explore state-
of-the-art techniques and technologies for harnessing the potential of biowaste, along with the challenges and

opportunities associated with its utilization.

1.3 Scope of the Review:
This review will encompass a wide range of biowaste materials, including but not limited to agricultural

residues, food waste, municipal solid waste, animal manure, sewage sludge, and other organic waste sources.
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Furthermore, the environmental applications of biowaste materials will be examined in detail, with a focus on
waste management practices, soil remediation techniques, water treatment methods, and renewable energy

production processes.

2. Types and Sources of Biowaste Materials:

2.1 Agricultural Residues:

Agricultural residues refer to the biomass left behind after crop harvesting or processing activities. These
include crop residues (e.g., stalks, leaves), straw, husks, and shells. Agricultural residues are abundant in
agricultural regions and can be utilized for various purposes, such as biofuel production, soil amendment, and

animal bedding.

2.2 Food Waste:

Food waste comprises organic materials discarded during food production, processing, distribution, and
consumption. It includes both pre-consumer waste (e.g., trimmings, spoiled food from restaurants and
supermarkets) and post-consumer waste (e.g., leftovers, expired food from households). Food waste is a
significant contributor to global waste generation and environmental pollution. However, it also holds

potential as a feedstock for composting, anaerobic digestion, and bioenergy production.

2.3 Municipal Solid Waste (MSW):

Municipal solid waste (MSW) consists of household waste, commercial waste, and institutional waste. It
encompasses a wide range of materials, including biodegradable organics, plastics, paper, glass, and metals.
Biowaste constitutes a substantial portion of MSW and can be diverted from landfill disposal through recycling,

composting, and other waste management practices.

2.4 Animal Manure:

Animal manure refers to the organic waste produced by livestock farming operations. It includes feces, urine,
and bedding materials such as straw or wood shavings. Animal manure is rich in nutrients and organic matter
but can pose environmental risks if not managed properly. However, when used as fertilizer or processed

through anaerobic digestion, animal manure can contribute to soil fertility and renewable energy production.

2.5 Sewage Sludge:

Sewage sludge, also known as biosolids, is the residual material generated during wastewater treatment
processes. It contains organic matter, nutrients, and potentially harmful contaminants such as heavy metals and
pathogens. Proper treatment and disposal of sewage sludge are essential to prevent environmental pollution
and protect public health. However, sewage sludge can also be beneficially reused in agriculture, land

reclamation, and soil improvement projects.

2.6 Other Biowaste Sources:

In addition to the aforementioned sources, biowaste materials can arise from various other activities and
industries, including forestry, fisheries, and bioenergy production. These may include wood chips, sawdust, fish
waste, and by-products from biofuel refineries. Each type of biowaste has its unique characteristics and

potential applications, which warrant further exploration.
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3. Characteristics of Biowaste Materials:

3.1 Physical Properties:

Biowaste materials exhibit diverse physical properties depending on their composition and origin. These
properties include particle size, bulk density, porosity, moisture content, and surface area. Understanding the

physical characteristics of biowaste is essential for determining suitable processing and utilization methods.

3.2 Chemical Composition:

The chemical composition of biowaste materials varies widely and can influence their suitability for different
applications. Key chemical constituents of biowaste include organic matter, carbon, nitrogen, phosphorus,
potassium, and trace elements. The nutrient content and organic carbon-to-nitrogen ratio are particularly

important considerations for composting and soil amendment.

3.3 Biological Properties:

Biowaste materials harbor a diverse array of microorganisms, including bacteria, fungi, and actinomycetes.
These microorganisms play crucial roles in biodegradation processes such as composting and anaerobic
digestion. Understanding the microbial dynamics within biowaste is essential for optimizing waste treatment
and conversion processes.

4. Environmental Applications of Biowaste Materials:

4.1 Waste Management:

4.1.1 Composting:

Composting is a biological decomposition process that converts organic waste into a stable, humus-like material
known as compost. Biowaste materials such as food waste, yard waste, and agricultural residues can be
composted to produce high-quality soil amendments for use in agriculture, landscaping, and horticulture.
Composting not only diverts organic waste from landfills but also helps improve soil fertility, structure, and
water retention capacity.

4.1.2 Anaerobic Digestion:

Anaerobic digestion is a biological process that breaks down organic matter in the absence of oxygen,
producing biogas (a mixture of methane and carbon dioxide) and digestate. Biowaste materials such as food
waste, animal manure, and sewage sludge can be anaerobically digested to produce renewable biogas for
electricity generation, heat production, or vehicle fuel. Anaerobic digestion offers several environmental

benefits, including greenhouse gas mitigation, odor reduction, and nutrient recovery.

4.1.3 Vermicomposting:

Vermicomposting is a composting process that utilizes earthworms to decompose organic waste materials.
Biowaste materials such as food scraps, paper waste, and yard waste can be vermicomposted to produce
nutrient-rich vermicompost and worm castings. Vermicomposting is an environmentally friendly waste
management technique that can be implemented at various scales, from household composting bins to large-

scale commercial facilities.
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4.2 Soil Remediation:

4.2.1 Soil Amendment:

Biowaste materials can be used as soil amendments to improve soil quality, structure, and fertility. Compost,
biochar, and other organic amendments can enhance soil organic matter content, nutrient levels, and microbial
activity, leading to improved plant growth and productivity. Soil amendments derived from biowaste can also

help remediate degraded soils, restore ecosystem health, and mitigate soil erosion and desertification.

4.2.2 Phytoremediation:

Phytoremediation is a plant-based remediation technique that utilizes the natural abilities of certain plant
species to uptake, accumulate, and detoxify contaminants from soil and water. Biowaste materials such as
compost and organic amendments can be applied to contaminated sites to enhance soil fertility and support the
growth of phytoremediation plants. By combining biowaste utilization with phytoremediation, it is possible to
achieve sustainable remediation of polluted environments while minimizing negative impacts on ecosystems

and human health.

4.3 Water Treatment:

4.3.1 Adsorption:

Biowaste materials such as activated carbon, biochar, and agricultural residues can be used as adsorbents for
removing pollutants from water and wastewater. The porous structure and high surface area of biowaste-
derived adsorbents enable efficient adsorption of contaminants such as heavy metals, organic pollutants, and
emerging contaminants. Adsorption-based water treatment using biowaste materials offers a cost-effective and

environmentally friendly approach for purifying water resources and protecting aquatic ecosystems.

4.3.2 Coagulation/Flocculation:

Biowaste materials contain natural coagulants and flocculants that can be utilized for water and wastewater
treatment. Substances such as tannins, polysaccharides, and proteins present in biowaste can promote the
aggregation and removal of suspended solids, colloids, and microorganisms from water matrices.
Coagulation/flocculation processes using biowaste-derived coagulants offer an alternative to conventional

chemical treatment methods, with reduced chemical usage and lower environmental impact.

4.3.3 Biological Filtration:

Biowaste materials can serve as substrates for biological filtration systems used in water and wastewater
treatment. Biofilters, constructed wetlands, and biochar filters utilize microbial communities present in
biowaste to remove pollutants through biological degradation, sorption, and transformation processes.
Biological filtration systems offer a sustainable and low-energy approach for treating various types of water

pollution, including nutrient runoff, organic matter, and micropollutants.

4.4 Renewable Energy Production:

4.4.1 Biogas Production:

Biowaste materials are valuable feedstocks for biogas production through anaerobic digestion. Microbial
fermentation of organic matter in biowaste generates biogas, which can be utilized as a renewable energy

source for electricity generation, heat production, and vehicle fuel. Biogas production from biowaste offers

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9 @



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 158-165

significant environmental benefits, including reduced greenhouse gas emissions, improved waste management,

and energy diversification.

4.4.2 Biofuel Production:

Biowaste materials can be converted into liquid biofuels such as biodiesel and bioethanol through biochemical
and thermochemical processes. Feedstocks such as food waste, crop residues, and algae biomass contain sugars,
starches, and lipids that can be fermented or chemically converted into biofuels. Biofuel production from
biowaste provides a sustainable alternative to fossil fuels, reduces dependence on imported energy sources, and

contributes to climate change mitigation.

4.4.3 Bioelectricity Generation:

Biowaste materials can be utilized for bioelectricity generation through microbial fuel cells (MFCs) and
anaerobic digestion coupled with microbial fuel cells (AD-MFCs). Microorganisms in biowaste degrade organic
matter and produce electrons, which can be harvested to generate electricity in MFCs. Bioelectricity generation
from biowaste offers a renewable and decentralized energy solution, suitable for off-grid applications,

wastewater treatment plants, and organic waste recycling facilities.

5. State-of-the-Art Techniques and Technologies:

5.1 Advanced Composting Methods:

Advanced composting methods, such as thermophilic composting, vermicomposting, and aerobic digestion,
enhance the efficiency and quality of compost production from biowaste. These methods optimize process
parameters such as temperature, moisture, aeration, and microbial inoculation to accelerate decomposition and

produce stable, pathogen-free compost.

5.2 Biorefinery Approaches:

Biorefinery approaches integrate various conversion technologies to valorize biowaste materials into a range of
high-value products, including biofuels, biochemicals, biomaterials, and bioenergy. Biorefineries utilize
biochemical, thermochemical, and microbial processes to fractionate biowaste components and convert them

into valuable intermediates and end products.

5.3 Biochar Production and Applications:

Biochar production from biowaste involves pyrolysis or hydrothermal carbonization of organic materials to
produce a stable, carbon-rich material with high porosity and surface area. Biochar has diverse applications in
agriculture, environmental remediation, water treatment, and carbon sequestration. Advanced biochar
production techniques optimize process conditions and feedstock selection to enhance biochar quality and

performance.

5.4 Nanotechnology for Biowaste Utilization:

Nanotechnology-based approaches enhance the efficiency and effectiveness of biowaste utilization processes by
leveraging nanomaterials and nanocomposites. Nanomaterials derived from biowaste exhibit unique
physicochemical properties that can be exploited for catalysis, adsorption, sensing, and environmental

remediation applications.
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5.5 Genetic Engineering for Enhanced Biowaste Conversion:

Genetic engineering techniques enable the optimization of microbial strains and metabolic pathways for
enhanced biowaste conversion and bioproduct synthesis. Synthetic biology approaches allow the design and
construction of microbial platforms capable of efficiently utilizing complex biowaste substrates and producing

target molecules of interest.

6. Challenges and Limitations:

6.1 Contaminant Presence:

Biowaste materials may contain contaminants such as heavy metals, pathogens, and organic pollutants, which
can pose risks to human health and the environment. Managing and mitigating contaminant presence in

biowaste requires careful monitoring, testing, and treatment to ensure safe utilization and disposal.

6.2 Technological Constraints:

The adoption of biowaste utilization technologies may be hindered by technical challenges such as process
efficiency, scalability, and cost-effectiveness. Overcoming technological constraints often requires research and
development efforts to optimize process parameters, develop novel materials, and improve process integration

and automation.

6.3 Economic Viability:

The economic viability of biowaste utilization depends on factors such as feedstock availability, processing costs,
market demand, and policy incentives. Despite the environmental benefits of biowaste utilization, competing
with conventional waste management and energy production methods can be challenging, especially in regions

with low waste management fees and limited market opportunities.

6.4 Regulatory Frameworks:

Regulatory frameworks governing the management and utilization of biowaste vary across jurisdictions and can
impact the feasibility and implementation of biowaste utilization projects. Compliance with environmental
regulations, waste management standards, and safety guidelines is essential to ensure the responsible and

sustainable utilization of biowaste materials.

7. Future Perspectives and Opportunities:
7.1 Integration of Biowaste Valorization:
The integration of biowaste valorization into circular economy models offers opportunities to maximize
resource efficiency, minimize waste generation, and create value-added products from biowaste streams.
Closing the loop on biowaste utilization requires collaborative efforts across sectors, including waste

management, agriculture, energy, and manufacturing.

7.2 Technological Innovations:

Technological innovations in biowaste utilization, such as advanced conversion processes, biorefinery concepts,
and nanotechnology applications, hold promise for enhancing the efficiency, sustainability, and versatility of
biowaste valorization. Research and development initiatives aimed at developing novel technologies and

improving existing processes will drive progress in the field.
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7.3 Policy and Regulatory Support:

Policy and regulatory support for biowaste utilization can create favorable conditions for investment,
innovation, and market development. Governments can incentivize biowaste valorization through financial
incentives, regulatory mandates, tax credits, and public procurement policies that promote sustainable waste

management and renewable energy production.

7.4 Public Awareness and Education:

Raising public awareness and education about the environmental benefits of biowaste utilization is essential for
fostering behavior change and promoting sustainable lifestyles. Outreach initiatives, educational programs, and
community engagement efforts can empower individuals and organizations to adopt waste reduction practices,

support recycling initiatives, and participate in biowaste utilization projects.

8. Conclusions:

In conclusion, biowaste materials represent valuable resources that can be harnessed for various environmental
applications, including waste management, soil remediation, water treatment, and renewable energy
production. By utilizing biowaste effectively, we can mitigate environmental pollution, conserve natural
resources, and promote sustainable development. However, realizing the full potential of biowaste requires
overcoming technical, economic, and regulatory challenges while embracing technological innovations and

fostering collaboration among stakeholders.
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ABSTRACT

In the present investigation, nanostructured bio-ceramic hydroxyapatite (HAp) and silver-doped

hydroxyapatite (Ag-HAp) were synthesized by a simple wet chemical precipitation method to explore their

antimicrobial activity. The synthesized Ag-HAp was examined for structural, functional, morphological and

elemental analysis through XRD, FTIR, SEM and EDS respectively. Pure and Ag modified HAp were used to

examine the antimicrobial activity for E. coli, S. aureus, and Pseudomonas. The effect of silver doping

concentration was studied on the microbial activity of HAp. Moreover, antioxidant activity was also studied
by the DPPH and FRAP assay methods. It is remarkable to note that Ag-HAp (0.15 M) exhibits prominent

results for antimicrobial and antioxidant activity.

Keywords: Antimicrobial, Antioxidant, Bioceramic, Hydroxyapatite (HAp), Silver doped Hydroxyapatite

I. INTRODUCTION

In recent years, there has been a growing interest in
the utilization of bio-ceramics, particularly synthetic
[Ca10(PO4)s(OH):] (HAp), as
the restoration of

damaged tissues and bones [1-2]. The outstanding

hydroxyapatite
prominent biomaterials for
biocompatibility of hydroxyapatite renders it an ideal
choice for applications such as body implants, implant
coatings, and prostheses in the field of biomedical
engineering [3]. Moreover, hydroxyapatite has found
versatile utility as a photocatalyst [4], drug delivery
vehicle [5], antibacterial material [6], and in diverse

applications such as electronic devices [7] and

fertilizers [8]. The synthesis of hydroxyapatite

employs  various methodologies, including

hydrothermal, wet chemical precipitation,
microwave-assisted processes & many more [9-11].
Among these, the wet chemical precipitation method
stands out as a simple and facile approach,
consistently yielding high-quality HAp. This method
not only ensures ease of fabrication but also offers an
advantageous combination of properties desirable for
multifaceted applications in the realm of biomaterials
and beyond. However, it lacks inherent antibacterial
properties, thereby posing a risk of microbial
infection [12]. To address this limitation, various

metal ions, including Zn, Mn, Fe, Co, Ag, Cu, Ni, and

Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,

and reproduction in any medium for non-commercial use provided the original author and source are credited.


http://www.ijsrst.com/
mailto:ravimenepdea@gmail.com

Volume 11 - Issue 09 Published :

Ce, have been doped into HAp to enhance its
antibacterial efficacy [13-15]. Among these, silver
ions exhibit broad-spectrum antimicrobial properties,
demonstrating exceptional antibacterial capabilities
[16-17]. Ciobanu et al. studied Ag-HAp with silver
doping content of 0,4,5 wt % of Ag for Gram-positive
and Gram-negative bacterial strains, irrespective of
silver concentration found very good antimicrobial
activity [18]. In another study, Predoi et al. identified
that if HAp and Ag HAp were mixed with a few
popular antibiotics, then their antimicrobial activity
Stani¢ et al.
has

excellent antimicrobial activity for E. coli, S. aureus,

would improve tremendously [19].
demonstrated silver-doped hydroxyapatite
and C. albicans, it also does not show haemolytic
activity with less silver ion content [20]. While in
another study, Popa et al. studied Ag-HAp (50% silver
nitrate and 50% calcium nitrate) with thermal
treatment at 600 °C and 1000°C, which provided
improved antimicrobial properties for Gram-positive,
fungal
Koizhaiganova et al. demonstrated Ag-HAp

Gram-negative  and

[21].

MIC values against gram-negative bacteria to be 2.09-

microorganisms

12.25 pg/ml and against gram-positive bacteria 4.18 —
12.25 pg/ml [22]. While
demonstrated that Ag-HAp(3 wt %) demonstrated

Jadalannagari et al

excellent antimicrobial activity and
hemocompatibility [23]. Moreover, Costescu et al.
showed that Ag HAp with a high concentration of
5 mg/mL gives excellent antimicrobial activity against
Gram-positive bacteria. [24]. Elbasuney et al. found
Ag-HAp 10.0 pg/mL, which

demonstrated the highest percentage antimicrobial

antibiofilm at

activity for S. aureus and C. albicans of 96.09% and
77.77%, respectively [25]. Wilcock et al. showed that
10  mol% exhibit

antibacterial activity against S.

excellent
and P.
aeruginosa [26]. Igbal et al. verified that 0.3 Ag HAp

Ag-HAp  pastes

daureus

demonstrates excellent antimicrobial activity against
S. aureus, B. subtilis, P. aeruginosa, and E. coli
bacteria [27]. Zhou et al. demonstrated excellent

antibacterial activity in E. coli and S. aureus for Ag-
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HAp [28]. In summary, the surveyed literature
highlights  the

supplementing

significant  advancements in

hydroxyapatite's antimicrobial
attributes through silver ion incorporation. The
the

potential effectiveness of silver-doped hydroxyapatite

reviewed studies consistently demonstrate

against various bacterial strains and fungi,
emphasizing its broad-spectrum antimicrobial activity.
Hence, in the present work, we have synthesized pure
and Ag-doped HAp via the wet chemical route. The
effect of silver ion concentration in the HAp matrix
for antimicrobial activity for E. coli, S. aureus, and
Pseudomonas and antioxidant activity is studied in

detail.

II. METHODS AND MATERIAL

A. Chemicals and Reagents

Calcium nitrate tetrahydrate (Ca(NOs)2.4H20), and

di-ammonium hydrogen orthophosphate
((NH4)2.HPOs4) are used as starting precursors as a
source of calcium and phosphate (>98% pure, Loba
Chemicals), Silver Nitrate (AgNos) & Ammonia
solution (NH4OH), All the reagents were analytical
grade and used as received without any further

purifications.

B. Characterization Techniques

The
functional group identification of pure and doped
HAp are carried out using XRD, SEM, and FTIR. X-
ray diffraction pattern is recorded with a Bruker AXS
Germany (Model D8 Advanced) having Cu Ko (1 =
1.5405 A°) incident radiation. The XRD peaks are
recorded in the 20 range of 20-60°. The surface

structural, surface morphological and

morphology and elemental analysis are visualized by
means of scanning electron microscope (FE-SEM
Hitachi S-4800). The functional group determination
FTIR

spectroscopy in the frequency range 4004000 cm.

is carried out wusing Shimadzu make
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Antimicrobial activity is studied using well-diffusion
method and antioxidant activity by the DPPH and
FRAP assay methods.

C. Synthesis of Pure hydroxyapatite (HAp)

Wet chemical precipitation method was used to
synthesize pure hydroxyapatite as mention earlier
literature [2]. Calcium nitrate
(Ca(NO:s).4H:0)

orthophosphate ((NHs)2.HPOs4) were used as starting

tetrahydrate
and di-ammonium  hydrogen
precursors. The molar concentrations of calcium and
phosphorus was adjusted to have a theoretical Ca/P
ratio of 1.67. The precipitation process was carried
out by drop-wise addition of 0.6 M of di-ammonium
hydrogen orthophosphate to 1 M of calcium nitrate
tetrahydrate solution. The liquor ammonia was used
to adjust the pH-10 of the reaction mixture. The
process was carried out under continuous stirring at
100 °C for 3 hours, followed by aging for about 24
hours. The white precipitate was washed 3-4 times
with double distilled water and dried in an air oven at
100 °C for overnight & crushed in agar mortar.
Furthermore, synthesized hydroxyapatite powder was

sintered in a muffle furnace at 800°C for two hours.

D. Synthesis of Silver Doped Hydroxyapatite

For Silver-Doped hydroxyapatite, 0.05M, 0.1M and
0.15M solution of silver nitrate (AgNos) was made in
50 ml double distilled water & 1gm of hydroxyapatite
(HAp) dissolved in it. These three conical flasks were
kept for the ionization process for 6 hours at room
temperature. This solution was filtered and dried at

100°C in oven for 3 hours.

E. Antimicrobial Activity

The antimicrobial activity of the silver-Doped

hydroxyapatite ~was tested against pathogenic

microorganisms viz., Escherichia coli (NCIM 2256),

27 Feb 2024 Page No : 166-173

aureus (NCIM  2901) and
Pseudomonas aeruginosa (NCIM 2200) the well-
diffusion method [29]. In this assay, the Mueller

Hinton Agar medium plates were spread evenly with

Staphylococcus

100 pL of an overnight log culture of test organisms
(10°cells/ ml). Wells were made on the MHA plates
by using a gel puncture. Nano mixtures were
dissolved in sterile deionized water to get the
concentrations of 10, 100 and 1000 ug/ml. Next, 100
uL of the biosynthesized silver nanoparticle reaction
mixture was added into each of the four wells, and
the plates were kept at 4 °C for 2 hours to allow
perfusion of the nanoparticles. Then plates were
incubated at 37 °C for 24 h. After incubation, the
susceptibility pattern of the test organisms was
determined by measuring the diameter of the zone of

inhibition of each well.

F. Antioxidant Activity
Ferric reducing ability assay (FRAP) and DPPH (1, 1-
Diphenyl-2-picrylhydrazyl) radical scavenging

activity assay

Antioxidant activity of pure HAp and Ag-HAp was
tested using ferric reducing ability FRAP and DPPH
assay [30,31]. To 0.2 mL of sample, 3.8 mL of FRAP
reagent was added. The mixture was incubated for 30
minute at room temperature in the dark and the
absorbance was measured at 593 nm.
The the

determined using DPPH radical scavenging activity

scavenging effect of samples were
assay. To 0.5 mL of nanoparticle solution, 5mL of
freshly prepared DPPH solution (0.2 mM) was added.
The mixture was vigorously shaken and kept for 30
minute in the dark at room temperature. The control
The DPPH
scavenging activity was monitored by determining
the absorbance at 517 nm [30].

The percent inhibition of activity was calculated as
[(Ab Ctr- Ab Sam)/ Ab Ctr] * 100

(Ab Ctr = Absorbance of control;

tubes contained deionized water.

Ab Sam = Absorbance of sample).
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IILRESULTS AND DISCUSSION
A. X-Ray Diffraction Studies
Fig. 1 shows the XRD plots of Pure HAp and variation

of intensity of diffracted X-rays as a function of 20
value in the range of 20°-60° for pure HAp.
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Fig.1: X-Ray diffraction patterns of Pure HAp

The XRD phase identification is performed by using
JCPDS XRD (09-432)  for
hydroxyapatite. The presence of all characteristics
HAp peaks at 20 value 25.6°, 26.4°, 28.5°, 30.1°, 31.7°,
32.7°, 35.1°, 36.1°, 40.1°, 43.3°, 49.3°, 52.5°, 57.5 o,
confirm the crystalline hexagonal phase of HAp. The

standard card

average crystallite size for pure HAp is calculated by
using Debye-Scherrer formula [1] and it is found to
be 32 nm.

B. Scanning Electron Microscopy

Fig. 2 (a-b) shows the FE-SEM image of Pure and Ag-
Hap (0.15M) samples. It exhibits the spherical grain
morphology with agglomeration of smaller particles.
The presence of smaller grains with a uniform size
(30-60 nm) covering whole surface along with
microporous structure is observed. Fig 2 (c) illustrates
the Elemental analysis of silver doped hydroxyapatite

to confirm the occurrence of any impurity which may

27 Feb 2024 Page No : 166-173

get incorporated while synthesis of material. EDS
Spectra mainly constitute Calcium and phosphate
groups. Moreover, the silver existence (1.56%) shows

the replacing of calcium ions.

Fig 2: FE-SEM image of the synthesized (a) Pure HAp
(b) doped Ag-HAp (0.15M) and (c) EDS of Ag-HAp
(0.15M)

C. Fourier-transform infrared spectroscopy (FTIR)

Fig. 3 shows the FTIR spectrum of pure and Ag doped
HAp carried out in the wave number range 4000 and
400 cm’. The FTIR spectra of all samples showed
bands corresponding to HAp structure. The HAp
spectrum confirms the characteristic bands of
absorbed water, hydroxyl and phosphate species. The
absorption peaks attributed to hydroxyl liberation
mode are found at 721 cm'. The bands appearing at
963 cm! and 926 cm™! correspond to anti symmetric
bending motion of the PO+* groups and the peaks in
the range 1090-1030 cm! are ascribed to vs stretching
modes in PO4*-group [3-4]. The study reveals that the
FTIR spectra showed all bands corresponding to pure
HAp structure also shows 0.05M, 0.1M and 0.15M
Silver Doped HAp.
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Fig.3: Fourier-transform infrared spectroscopy (FTIR)
of Pure HAp, and Ag-HAp (0.15M)

D.Antimicrobial Activity

The antimicrobial activity of the silver doped HAp
against pathogenic microorganisms such as £. coli, S.
aureus, and Pseudomonas aeruginosa was measured
on Muller- Hinton agar (MHA) plates using the well-
diffusion method. The observed results are given in

table 1 and graphical presentation in Fig. 4

Pathogens | Pure | Pure |0.05 Ag-|0.05 Ag-|0.10 Ag-{0.10 Ag-(0.15 Ag-|0.15 Ag-
HAp | HAp | Hap Hap Hap Hap Hap Hap

(100 |(1000| (100 | (1000 | (100 | (1000 | (100 | (1000
Hg/mi) |pg/ml)| pg/ml) | pg/ml) | pg/ml) | pg/ml) | pg/mi) | pg/mi)
E.coli (NCIM| ND | ND | 4mm | 6mm | ND 4mm | 20mm | 21 mm

2256)

Saueus | ND [ ND| ND | ND | ND | ND | ND | ND
(NCIM 2901)

P.aeruginosa | ND | ND | 6mm | 8mm | 6mm | 8mm | 7mm

(NCIM 2200)

9 mm

(ND: Not detected)

Table 1 Antimicrobial activity using well diffusion

method

27 Feb 2024 Page No : 166-173

Silver doped hydroxyapatite found to have
moderate inhibitory activity against Gram negative
bacterial pathogens as compared to Gram positive
bacteria Staphylococcus aureus. The data suggested
that the antimicrobial activity is attributed to the

silver metal content.

25

20
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I I =
I I =
5 I
o I | | | _I | | | | |

Pure HAp Pure HAp 0.05Ag- 0.05Ag- 0.10Ag- 0.10Ag- 0.15Ag- 0.15Ag-
(100 (1000 Hap (100 Hap (1000 Hap (100 Hap (1000 Hap (100 Hap (1000
pe/ml)  pg/ml)  pg/ml)  pg/ml)  pg/ml)  pg/ml)  pe/ml)  pg/ml)

Inhibition zone (mm)

m E.coli (NCIM 2256) m S.aureus (NCIM 2901) P.aeruginosa (NCIM 2200)

Fig 4 Antimicrobial Activity (in mm) of HAp and Ag
HAp

E. Antioxidant Activity

Fig. 5 Shows the antioxidant activity using DPPH and
FRAP assay. It was found that the antioxidant activity
of nano-bioceramic hydroxyapatite get reduced with
an increase in the silver concentration. As compared
to the free radical scavenging potential, these nano

mixtures have lower Fe reducing ability.
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Fig.5 Antioxidant activity using DPPH and FRAP

assay

As per the published literature, antioxidant potential
of the nanocomposites depends upon the organic or

inorganic contents [32].
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IV.CONCLUSION

In the present work, nano-bioceramic hydroxyapatite
was synthesized by using a simple wet chemical
precipitation method. Moreover, the ion exchange
process is successfully utilized to prepare silver-doped
hydroxyapatite material. The formation of the
hexagonal HAp phase is identified by XRD analysis,
and the average crystallite size is calculated using the
Debye—Scherrer method and is found to be 32 nm.
Also, EDS analysis confirms the existence of silver
ions in Ag-HAp. As silver doping percentage increases
in hydroxyapatite, it exhibits better antimicrobial
activities and provides good antioxidant activities,
which is verified by the DPPH assay and the FRAP
assay. For E.coli 20-21 mm and for P.aeruginosa 7-9
mm, antimicrobial activity inhibition was observed.

However, Antimicrobial activity of S. aureusis null.
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ABSTRACT

Synthesis and characterization of Cobalt ferrite powders by a sol-gel combustion process is focused in
the present work. The prepared precursors were calcined at 560 °C for 5 hours in order to get
cobalt ferrite powder. The effect of solvents (Aloevera extract, Distilled water, Egg white solution,
Neem extract) on CoFe.O4 and its structural, morphological, optical and electrical, properties was
investigated. XRD is used to determine the crystalline size and it calculated by Debye Scherer formula
which is varies from 29.94 nm to 72.7 nm with different solvent (Aloevera, Distilled water, Egg white,
Neem extract) of lattice parameter ranging from 8.31 to 8.38 A° respectively confirmed the formation
of single phase cubic spinel structure CoFe2Os. EDX measurements for CoFe>O4 NPs which indicate,
the grown NPs are homogeneous and uniform. The morphology of prepared CoFe;Os4 ferrite samples
with various solvents (Aloevera extract, Distilled water, Egg white solution, Neem extract) was studied
using a scanning electron microscopy. The band gap energy is varies from 1.5to 1.7 eV. The band gap
energy was studied using UV-Visible Spectroscopy. The optical characterization on CoFe.O4 ferrite
samples were carried out using the Fourier Transform Infrared Spectroscopy (FT-IR) techniques. The
formation of the ferrite is confirmed by FT-IR results. Dielectric Properties were studied for various
samples, the dielectrics and AC conductivity of samples is decreases with increasing frequency of
LCR-Q meter of samples with various solvents.

Keywords: Cobalt ferrite, XRD, EDX, SEM, FT-IR, UV-VISIBLE, Dielectric Properties

I. INTRODUCTION

Ferrites are electrically insulating material and have good electrical, magnetic and mechanical properties.
Among the different types of ferrites, the CoFe20: spinel ferrite is one of the most versatile from the view
point of their large number of potential applications. CoFe204 ferrite possesses large crystalline anisotropy
and reasonable magnetization, as potential predominant magnetic and electrical resistive material, which has
been applied in high density magnetic recording media, high performance electromagnetic and spintronic
devices [1, 2]. Spinel CoFe204 has Face Centered Cubic (FCC) structure with a large unit cell. There are two

kinds of lattice for cation occupancy.

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
and reproduction in any medium for non-commercial use provided the original author and source are credited.
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Mainly two sites A (tetrahedral) and B (octahedral). In a normal spinel structure Co?* occupying tetrahedral
A sites, while Fe® is sitting on the octahedral B sites. In inverse spinel structure A site being Fe3* ions while

B sites populated by Co?* and Fe3* ions.

Ferrite can be prepared by using various experimental techniques like ceramic, hot spraying, evaporation
condensation, matrix isolation, laser-induced vapour phase reactions and aerosols but most types of Nano-
particles prepared by these methods gives broad particle size distribution and coarse particles so additional
milling is required. Other chemical methods are co-precipitation, sol-gel, ball milling, citrate precursor,
hydrothermal, micro emulsion [3-11]. Among above mentioned methods, a sol-gel process is less

complicated and inexpensive method than the others.

In present work we focused on the synthesis and properties of cobalt ferrite powders prepared by a sol-
gel autocombustion technique. This is unique combination of the chemical sol-gel process and the
combustion process based on the gelling and subsequent combustion of an aqueous solution containing salts
of desired metals and some organic fuel giving rise to porous fluffy product with large surface area. The
effect of different solvents on structural, electrical, optical, morphological properties of prepared cobalt

ferrite particles has been investigated.

1. Materials and Methods

2.1 Experimental Procedure:

A sol-gel autocombustion method is used to prepare CoFe20Os particles with different solvents (Aloevera
extract, Distilled water, Egg white solution, Neem extract).Starting materials are Cobalt (II) nitrate
(Co(Nos)2. 6H20, Mw = 291.04 g/mol.), Iron nitrate (Fe(Nos)s. 9H20, Mw = 404.00 g/mol.) and Citric acid
(CeHsO7-H20, Mw = 210.14 g/mol.). An aqueous solution of citric acid was mixed with metal nitrates and
different solvents under vigorous stirring. To adjust pH of 7.0, the ammonia solution was slowly added in
mixture. The solution was heated on hot plate at 80 °C to evaporate the water. During evaporation, the
solution become viscous and finally formed a gel and by continuous heating the gel is ignited, the
combustion rapidly propagated forward until all the gel burnt out completely to form ash and porous
product was obtained. The ash-burnt obtained powder was calcined at 560 °C for 5 hours to get final product

of cobalt ferrite powder.

2.2 Characterization:

The structural characterization on CoFe20s ferrite samples with different solvents (Aloevera extract,
Distilled water, Egg white solution, Neem extract) were carried out using XRD to determine the crystalline
size and it calculated by Debye Scherer formula which is varies from 29.94 nm to 72.7 nm with different
solvent, The Fourier Transform Infrared Spectroscopy (FT-IR). Morphology of prepared CoFe2O4+ powder
samples were studied using a scanning electron microscopy. Band gap energy was studied using UV-Visible

spectroscopy; Electrical properties were studied using Dielectric characterization.
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2. Results and Discussion

3.1 Structural Properties:

(i) X- Ray diffraction study (XRD):
The structural property of samples is studied by taking X-ray diffraction (XRD) shown in figure 1. XRD
pattern of the samples is recorded with Cu-ka radiation at room temperature at A=1.54182 A°. The

crystallite size is calculated using formula of Debye-Scherrer [12].

Where,

B = Full width half maxima

A\ = Wavelength of X-ray

0 = Angle of diffraction

t = Crystallite size

The crystallite size was increasing from 29.94 nm to 72.11 nm calculated using
equation 1.

The values of lattice constant ‘a’ of CoFe20s samples were obtained from the
analysis of X-ray data by formula, shown in table 4.

a=dvh? +k? + 12 - (2)

Where,

hk1 = Miller indices

d = Interplaner distance.

XRD

Zmag
000

Intensity(abs.unit.)

By

20 degre:e-

Figurel. XRD of samples of CoFe2O4Samples a) Alovera extract, b) Distilled

water c) Egg white solution d) Neem extract
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X -ray density dx Bulk density d»
Sample M 8M a dx \Y% db %Porosity
VAO | 8234.619 | 1876.952 | 8.3329 | 5.39198 | 0.373163 | 3.188957 | 40.85741
VDO | 8| 234.619 | 1876.952 | 8.3500 | 5.352798 | 0.266659 | 4.875136 | 8.923604
VEO | 8| 234.619 | 1876.952 | 8.3800 | 5.295516 | 0.388378 | 3.707732 | 29.98355
VNO | 8| 234.619 | 1876.952 | 8.3100 | 5.430468 | 0.4116 3.012633 | 44.52352

Tablel. Crystallite size and Lattice constant of Samples CoFe204 a) Alovera

white solution d) Neem extract

(ii) EDX properties and elemental mapping images:

174-184

extract, b) Distilled water c) Egg

The EDX measurements for CoFe204 NPs which indicate, the grown NPs are stoichiometric and homogeneous

with a uniform distribution. For CFO NPs, the EDX micrographs confirmed the existence of Fe, Co and O

without the presence of any signature of substituted metals. The EDX analysis for CoFe:04 NPs confirmed

that impurity elements were found in the some solution of synthesized samples [13].
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Figure 2. EDX measurement graphs of CoFe:Os powders for different solvents (a) Aloevera extract, (b)
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Distilled water, (c) Egg white solution and (d) Neem extract.

(iif) Morphological Properties:
Micrographs were recorded on a LEO SEM model no. S - 440i. The SEM images of all CoFe:04 ferrite

samples are shown in figure 3 (a-d). It is clear from Fig. 3 (a-d) that grown CoFe:04 particles are well

VNO

20

developed; having non-uniform morphology with the individual particles are typically in nanometer size

but there is agglomeration of particles. It is well known that the magnetic inter-particle interaction is
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dominant between larger magnetic particles due to the magnetic attractive force. There is the magnetic
attractive force among non-uniform coarse crystals lead to the formation of agglomeration. We conclude
from SEM analysis that non-uniform morphology and grown CoFe20s particles have agglomeration due to

magnetic force.

Figure 3. SEM micrographs of CoFe2Os4 powders sintered at 560 OC for 5 hrs for different solvents (a)
Aloevera extract, (b) Distilled water, (c) Egg white solution and (d) Neem extract.

3.2 Optical Properties
(i) FT-IR Characteristics:

Infrared absorption spectra (FT-IR) of calcined CoFe204 powders with different solvents (Aloevera extract,
Distilled water, Egg white solution, Neem extract) were recorded on a Bruker Tensor 27 spectrometer in

wave number range of 400-4500 cm'. FT-IR spectra of all samples are shown in figure 4

The existence of strong absorption bands around 528 cm™ and 560 cm™! are due to stretching of metal oxygen
(M-O), which attributed to the formation of the ferrite phase [14].
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Figure 4- FT-IR spectra of CoFe204 powders calcined at 560 °C

for 5 hours in air atmosphere.

(ii) UV-Visible Spectroscopy:

The optical property of the CoFe204 with different solvents was observed by taking UV-Vis absorption
spectroscopy shown in figure 5 and figure 6 The values of A max vary from 746.55 to 850.50 nm with
variation in solvents. On the basis of absorption peaks, the band gap of samples were calculated from

formula [15],

hc
E=— e 3)

Where,
A = maximum value of wavelength or Absorption peak value
h =6.6261x103* m? kg / s or 6.626x 10-3 Joule sec.
c = velocity of light = 3x108 m/s,
And E = absorbed energy in an electronic transition
The impurity bands created due to the formation of level of impurity inside

an energy gap.
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Figure 5-UV-Visible Spectra of CoFe20s for different solvents
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Figure 6- Tauc plot of CoFe204 for different solvents

3.3 Electrical Properties:

The study of the dielectric constant was studied using Maxwell-Wagner type of interfacial of

polarization and Koop’s theory [16].The electron displacement in direction of applied field causes

interaction in between ions i.e. Fe? and Fe3*. Variation in thickness of pellet is done due to exchange in

2+ 3+

electron Fe<T«—Fe

with alternating variation in electric field with variation in polarization, oxygen
vacancies, defects in grain boundary, interfacial dislocation. The dispersion relation observed using
dielectric constant with frequency variation shown in figure 2, exhibits inverse relation between in
dielectric constant and frequency. The decreasing of dielectric constant and dielectric loss with
increasing frequency is shown from figure 7 and figure 8 figure 9 gives the information of AC
conductivity of CoFe:Os4 that increasing with frequency linearly due to conduction by electron

exchange between ions of same element with different valencies.
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Figure 7-Dielectric constant variance with frequency for CoFe204 with

different solvents
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Figure 8- Dielectric loss variance with frequency for CoFe2Os with

different solvents
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Figure 9- AC conductivity variance with frequency for CoFe20s4

with different solvents.

3. Conclusions

Spinel ferrite CoFe204 powders with different solvents (Aloevera extract, Distilled water, Egg white solution,
Neem extract) were successfully synthesized using a sol-gel auto combustion method. Experiments results of
XRD, EDX,SEM, FTIR, UV-Visible Spectroscopy and Dielectric Properties summarized as follows:

(i) XRD to determine the crystalline size and it calculated by Debye Scherer formula which is varies from
29.94 nm to 72.7 nm with different solvent.

(i) EDX measurements for CoFe:0sNPs which indicate, the grown NPs are stoichiometric and
homogeneous with a uniform distribution.

(iii) SEM micrographs show non-uniform morphology and grown CoFexO: particles have agglomeration
due to magnetic force.

(iv) FT-IR results confirm the formation of the ferrite.

(v) The band gap energy of the cobalt ferrite for different samples obtained from UV-Vis spectra varies for
different solvents.

(vi) The dielectric constant and loss tangent decreases with frequency value and increasing conductivity,
measured as a function of frequency by using L.C.R.-Q meter in frequency range 100 Hz to 5 MHz with
accuracy 0.001 Hz.
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ABSTRACT

This study focuses on the hydrothermal synthesis of Titanium dioxide (TiO2) nanoparticles for the
photocatalytic degradation of textile dyes. As-synthesized TiO: nanoparticles are examined for structural,
morphological and optical analysis using XRD, FE-SEM and UV-Visible spectroscopy. The effect of various
radiation conditions along with variations in dye concentration and types are studied for photocatalytic
degradation. The as-synthesized TiO2 shows the highest degradation rate of 0.043 min-'under combined UV-
A and UV-C radiation. Moreover, the impact of dye concentration on efficiency showcases the intricate
balance between active sites and light absorption. Among the various dyes used in the degradation study,

Methylene Blue showed the highest degradation of 94% after 100 minutes of radiation.

Keywords: Titanium-dioxide, Photocatalysis, Hydrothermal, Methylene Blue

I. INTRODUCTION

Textile dyeing processes have long been vital to the vibrant and diverse world of fashion and textiles, but they
often come at a significant environmental cost [1]. Every year, the textile industries worldwide use about 10
million kilograms of these dyes and the unused dyes along with industrial wastewater is released into various
water bodies [2]. The discharge of effluents containing synthetic dyes into water bodies poses a severe threat to
ecosystems and human health [3]. For instance, in recent studies on pollution of river Ganga, it was revealed
that the river receives about 250 million litres of industrial wastewaters on a daily basis [4,5]. Most of the
textile dyes are highly water soluble and inhibit the penetration of sunlight into water bodies thereby affecting
the photosynthesis processes in aquatic plants [6]. Such dyes are also known to form carcinogenic compounds
leading to serious health conditions in humans such as cancer, asthma, diarrhoea and other allergic reactions
[2,7]. In response to this environmental challenge, the exploration of advanced and sustainable technologies for
the degradation of textile dyes has gained prominence [8]. Among these technologies, titanium dioxide (TiO2)
photocatalysis emerges as a promising solution, offering a pathway towards efficient and eco-friendly

degradation of dye pollutants [9].
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The unique photocatalytic properties of TiO2, coupled with its inherent stability, compatibility and band
position makes it an ideal candidate for addressing the complexities associated with textile dye effluent
treatment [10]. When irradiated with ultraviolet or visible light, TiO2 initiates a cascade of redox reactions,
generating reactive oxygen species (ROS) that efficiently break down organic dye molecules into non-toxic
byproducts [11,12]. This fundamental mechanism forms the basis of a sustainable and effective approach to
combat the challenges posed by textile dye pollution. Various synthesis methods such as sol-gel [13,14],
Hydrothermal/Solvothermal [15,16], Precipitation [17], Spray Pyrolysis [18], Chemical Vapour Deposition [19]
etc. have been employed to produce TiO2. Among these, the hydrothermal synthesis method offers advantages
such as controlled growth of TiO2 crystals, improved crystallinity, low agglomeration and the ability to achieve
high specific surface areas [20] Cano-Casanova L. et al. demonstrated that efficient photocatalytic oxidation of
propene can be achieved with highly crystalline TiO2 having a surface area of approximately 135 m?g by
varying the HCI concentration in the hydrothermal reaction mixture [21]. Chen K et. al. demonstrated the
control over TiO:2 phase structure by variation of HNOs concentration. It showed 89% degradation of gaseous
toluene in 100 minutes, which was much better than commercial P25 degradation efficiency (44%) [22]. Using
the template assisted hydrothermal technique, Liu J. et. al. synthesized TiO: with uniform mesoporous
structure having pore size of 9 nm which has substantial effect on the photocatalytic activity of TiO2 [23].
Enesca A. and Isac L. demonstrated the effect of radiation source wherein, the
highest photocatalytic degradation of tartrazine was achieved using a mixture three UV-A sources and one
visible source [24]. The impact of UV-source and the distance between source and solution on the
photocatalytic degradation of Methyl Orange was examined by Sativa S. et al. Power and distance were
determined to be optimal at 20 watts and 20 centimetres, respectively [25]. Motivated by the foregoing notable
studies, we attempt to examine the impact of various experimental parameters on the photocatalytic

performance of TiOa.

In this study, TiO2 photocatalyst is synthesized via hydrothermal route. Structural, optical and morphological
properties of the TiO:2 sample are examined by XRD, UV-Vis spectroscopy and FE-SEM respectively.
Photocatalytic degradation of various textile dyes is carried out to study the effects of different experimental
conditions such as radiation, dye concentration and dye type on the photocatalytic efficiency of the

synthesized TiO2 sample.
Il. METHODS AND MATERIAL
A. Chemicals and Reagents
Titanium tetra-isopropoxide (>98% pure, Sigma Aldrich), Hydrochloric Acid (35-38%, Thomas Baker), Ethanol.
Various organic dyes such as Methylene Blue, Rhodamine B, Congo Red and Malachite Green were used as

model pollutants for photodegradation experiments. All the reagents were analytical grade and used as received

without any further purifications.
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B.  Characterization Techniques

X-ray diffraction studies (Rigaku MiniFlex 600, Japan) were used to identify the crystalline structure of the
catalyst. Scanning electron microscopy (FEI Nova NanoSEM 450) was used to study the morphology and size of
the catalyst. In addition, UV-Visible spectroscopy (Shimadzu, Model UV-2600, Kyoto, Japan) was employed to

monitor the light absorption and band gap of the synthesized compounds.

C.  Synthesis of TiO2 Nanoparticles

TiO2 nanoparticles were synthesized using a hybrid sol-gel/hydrothermal method. Briefly, 4 mL of titanium
tetra-isopropoxide (TTIP) was mixed with 20 mL of ethanol and stirred for 1 hour. A solution of 4 mL of 0.3 M
hydrochloric acid in 10 mL of ethanol was then added dropwise to the TTIP/ethanol mixture, which was then
stirred continuously for 1 hour. The resulting solution was transferred to a Teflon-coated stainless-steel
autoclave and subjected to hydrothermal conditions at 180°C for 24 hours. After cooling to room temperature,
the sample was filtered and dried at 100°C for 12 hours. Finally, the sample was calcinated at 350°C for 2 hours

in a muffle furnace to obtain pale white crystalline TiO2 powder.

D. Photocatalytic Experiments

Photocatalytic degradation of the organic dyes was carried out under radiation from a combination of different
light sources, which included UV-A (Philips, F18W/T8, Amax=365 nm), UV-C (Philips, F18/T8, Amax=295 nm)
and visible (Philips, FI8W/T8, 400-700 nm). The reflectors installed above the tube-lights ensured uniform
distribution of light throughout the chamber.

Firstly, a stock solution with a concentration of 0.1 g/L of the desired dye was prepared by dissolving a required
amount of dye in DI water. Subsequently, 100 mL of the reaction solution with the desired dye concentration
(5, 10, or 15 ppm) was prepared using the stock solution. An appropriate amount of the catalyst was added to
this dye solution. This reaction mixture was then kept in the dark for 30 minutes under stirring to attain
adsorption equilibrium. The reaction mixture was subsequently irradiated using the light sources, with the
light positioned at a fixed distance from the beaker containing the reaction mixture to ensure consistent

illumination.

Throughout the experiment, the reaction mixture was continuously stirred to promote uniform contact
between the catalyst and the dye molecules. The degradation process was monitored by sampling the solution
every 20 minutes and analyzing the concentration of the dye using UV-vis spectra (Perkin Elemer Lambda 265,
USA). The proportion of dye degradation and the photocatalytic efficiency of the catalyst with respect to
irradiation time were assessed using the reduction in absorbance value at a specific wavelength, which

corresponds to the typical peak for the absorption spectra of the selected dye.
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I11.  RESULTS AND DISCUSSION

A. X-Ray Diffraction Studies

Figure 1 shows the XRD plot of the TiO:2 sample prepared at 0.3M concentration of HCl. Sharp peaks were
observed at 20=25.2°, 37.8°, 47.9° and 54.9° corresponding to (101), (004), (200), (211) and (204) crystal planes
respectively. The XRD pattern of the prepared sample matched closely with the reference XRD pattern of
Anatase TiO:2 (JCPDS: 00-004-0477) confirming the formation of pure Anatase TiO: [26,27]. No peaks
corresponding to rutile or brookite phases were observed. The average crystallite size was found to be

approximately 7 nm calculated using Scherrer’s equation [28].
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Fig. 1: X-Ray diffraction patterns of the sample synthesized with HCl concentration of 0.3 M, reacted for 24

hours.

B.  UV-Visible Absorption Spectroscopy

The as-synthesized anatase TiO: nanoparticles show absorption edge in 350-400 nm range which can be
attributed to the electron transition from valence band to conduction band of Titania [29]. Thus, it can be
deduced that the prepared TiO2 nanoparticles are UV-light active compounds [30]. The band gap of the sample

was estimated using the Tauc-plot method and found to be ™ 3.22 eV, a result consistent with previous

literature [31-34].
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Fig. 2: UV-Visible absorption for the synthesized TiO2 sample with Tauc Plot in the inset.

C. Scanning Electron Microscopy

The FE-SEM images of the TiO: samples prepared in HCI solution show a microporous structure having
spherical smaller grain morphology on whole surface. The particle sizes observed were in the range of 13-19

nm which is in good agreement with the X-ray analysis.

Fig 3: FE-SEM images of the synthesized TiO2 sample

D. Effects of various Experimental Parameters on Photocatalytic Efficiency of TiO:

1) Effect of Radiation

The effect of radiation on the photocatalytic activity of TiO2 was explored using Methylene Blue (10 ppm conc.)
as the target dye. The catalyst concentration was fixed at 1g/L and the photocatalytic degradation experiments
were conducted under various combinations of UV-A, UV-C, and visible light sources to investigate their
influence on the efficiency of the photocatalytic process. The photocatalytic degradation efficiency was

calculated as:

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 185-198

Where, Co is the initial dye concentration at 0 minutes and C is the concentration of the dye at time t [35]. The
relative decrement in Methylene Blue concentration, C/Co,for different radiation sources is shown in figure 4.

Clearly, the type of radiation had a considerable effect on the amount of degradation of Methylene Blue.
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Fig. 4: Degradation of Methylene Blue under different radiation sources.

The photocatalytic efficiency of TiO2 after 100 minutes of irradiation under different radiation conditions is
shown in figure 5. The addition of visible light source to both UV-A and UV-C sources had a positive effect of
the photocatalytic efficiency. When the degradation was carried out using UV-A and UV-C sources
individually, the photocatalytic efficiency of TiO2 was found to be 73.5% and 78.04% respectively. However,
with the addition of the visible source, the efficiency drastically goes up to 92.6% and 94.5% respectively. The
increased photocatalytic efficiency of TiO: can be attributed to its sensitization with organic dyes such as
Methylene Blue [36]. Organic dyes like Methylene Blue efficiently absorb visible light, leading to the excitation
of electrons to higher energy levels [37]. These photoexcited electrons are then transferred to the conduction
band of the TiO:2 photocatalyst, effectively utilizing the visible light energy. Additionally, some energy is
transferred to the lattice of the photocatalyst, resulting in lattice vibrations [38]. These lattice vibrations, in
turn, promote the excitation of more electrons from the valence band to the conduction band, leading to the
generation of additional electron-hole pairs. The increased number of electron-hole pairs contributes to the
higher photocatalytic efficiency observed in the presence of visible light sensitization compared to using UV
light alone [39]. The highest photocatalytic efficiency of 98.25% was achieved under radiation with UV-A and
UV-C together.
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Fig. 5: Photocatalytic efficiency of TiO2 after 100 minutes of irradiation under different radiation conditions.

The photocatalytic degradation of dyes adheres to the Langmuir-Hinshelwood kinetic model [40] where, the
degradation rate depends on the amount of dye molecules present in the solution. The equation that governs

the photocatalytic dye degradation is represented as:
C
In () = —kt
n G

Where, £ is the reaction rate constant. Thus, the slope of /n(C/Cy) vs t graph gives the rate constant for the
reaction. The reaction kinetic using the Langmuir-Hinshelwood reaction kinetics model is represent in figure 6

and the reaction rate constants for different radiation conditions are tabulated in table 1.

In our experiments, we found that degradation enforced using UV-A and UV-C radiations together gave the

highest degradation rate of 0.043 min-!.
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Fig. 6: Photocatalytic degradation kinetics of Methylene Blue using Langmuir-Hinshelwood model under

various radiation conditions.
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Table 1

Reaction rate constants for photocatalytic degradation of Methylene Blue under different radiation conditions.

Radiation Condition  Rate Constant (min')  Standard Deviation

UV-A Only 0.01288 7.21219 x10+

UV-C Only 0.01488 3.50472 x10+

UVA + Vis 0.02468 7.18084 x10+
UVC + Visible 0.02551 0.00155
UVA + UVC 0.04307 0.00135

2) Effect of Dye Concentration

To study the effect of initial dye concentration on the photocatalytic efficiency of TiO:z, degradation of various
concentration of Methylene Blue was carried out under UV-A+Visible radiation at catalyst concentration of
1g/L. The degradation of Methylene blue at different concentrations is shown in figure 7. The photocatalytic

efficiency as a function of initial dye concentration is represented in figure 8.
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Fig. 7: Degradation of Methylene Blue at different concentrations under UVA+Visible radiation
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Fig. 8: Photocatalytic efficiency of after 100 minutes of irradiation under UVA+Visible radiation for different

concentrations of Methylene Blue.

As seen from the figures 7 and 8, the initial dye concentration is a crucial parameter that impacts the
photocatalytic efficiency of TiO:. Although the efficiency for 5 ppm and 10 ppm dye concentrations is
relatively same (95.3% and 92.6% respectively), the efficiency drastically falls to 59.79% at 15 ppm dye
concentration. This could be because at lower dye concentrations, there are more active sites for the dye
molecules to be adsorbed on the surface of the TiO2 photocatalyst. Increasing the dye concentration increases
the adsorption of MB on the surface of TiO2 reducing the availability of active sites for more adsorption [41].
Increase in the number of dye molecules present in the reaction solution also leads to an increase in the light
absorption and/or scattering by dye molecules. Thus, a smaller number of photons actually reach the

photocatalyst leading to reduction in the degradation efficiency.

The reaction kinetics are shown in figure 9. The reaction rates are also affected by the initial dye concentration.
As expected, the reaction rate is the lowest for 15 ppm dye concentration. The reaction rates for different dye

concentrations are given in table 2.
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Fig. 9: Photocatalytic degradation kinetics of various concentrations of Methylene Blue on P25 under

UV A+Visible radiation conditions.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9 @



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 185-198

Table 2

Reaction rate constants for photocatalytic degradation of different concentrations of Methylene Blue on P25
under UVA+Visible radiation

Initial Dye Rate Constant Standard
Concentration (min) Deviation
5 ppm 0.03335 1.521 x10*
10 ppm 0.02468 7.180 x10+
15 ppm 0.00856 3.980 x10+

3) Eftect of Dye Type

The photocatalytic degradation experiment was carried out using four different dyes namely, Methylene Blue,
Congo Red, Malachite Green and Rhodamine B. The catalyst concentration was kept constant at 1g/L in the
reaction mixture. The light source used for irradiation was UVC + visible. The relative decrement and the

percentage degradation of the various dyes is shown in figures 10 and 11 respectively.

It is observed that the TiO2 sample showed highest degradation efficiency for Methylene Blue. About 94% of
initial Methylene Blue concentration was degraded after 100 minutes of irradiation. However, it showed much

lower efficiency for Malachite Green (767%).
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Fig. 10: Degradation of various dyes with time
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Fig. 11: Percentage degradation after 100 mins of radiation

IV.CONCLUSION

In conclusion, hydrothermally synthesized TiO: nanoparticles are utilized for photocatalytic degradation of
textile dyes, emphasizing the optimization of key parameters. TiO2 nanoparticles were characterized through
X-ray diffraction, UV-Visible absorbance spectroscopy, and Field-emission Scanning Electron Microscopy. The
formation of pure anatase TiO: nanoparticles are confirmed by XRD analysis. The optical characteristics and
band gap (3.2 eV) are verified using UV-vis spectroscopy. SEM analysis showed microporous structure with
average particles size of 13-19 nm. Photocatalytic degradation of Methylene Blue under various radiation
conditions revealed that simultaneous UV-A and UV-C application achieved the highest efficiency (0.043 min-
1). Investigation into initial dye concentration demonstrated that lower concentrations (5 ppm and 10 ppm)
exhibited higher efficiency. While exploring the degradation efficiency of TiO2 towards different dyes, we
found that Methylene Blue exhibited the highest degradation efficiency of approximately 94%.
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ABSTRACT

The synthesis of hybrid materials has emerged as a pivotal avenue for enhancing the performance of energy
storage devices and catalytic systems. In this chapter, we delve into the synthesis methods employed to create
the activated carbon-CoMoO: hybrid material, a promising candidate for advanced supercapacitor
applications. The precursor materials and their significance in influencing the final characteristics of the
hybrid material. We elucidate the rationale behind the choice of activated carbon and CoMoOs as
fundamental constituents, highlighting their individual attributes that contribute to the synergistic
performance of the hybrid material. The subsequent sections delve into the stepwise synthesis processes,
including precursor preparation, mixing techniques, and reaction kinetics. co-precipitation method, a top-
down approach renowned for its precision. Within this methodology, we craft two distinct nanomaterials,
beginning with the creation of CoMoO4 (CMO) as the foundation. Subsequently, we elevate this synthesis by
infusing activated carbon, culminating in the birth of the activated carbon- CoMoOs hybrid (AC-CMO). The
XRD patterns of CMO and AC-CMO shows that both materials contain polycrystalline cobalt molybdenum

oxide with monoclinic crystal structure.

Keywords: activated carbon, CoMoOs, Hybrid material, monoclinic etc.

I. INTRODUCTION

Since the late 19% century, energy demand from the world is increasing rapidly. Industrialization being one
of the major factors behind this tremendous energy consumption. To withstand this tremendous demand for
energy generation, it is important to have capable energy storage devices and infrastructure. Supercapacitors
are one of the most promising candidates of large-scale energy storage and they provide high energy and

power density with wide range use from satellites to daily life electronic devices.

On the contrary, while single phase nanomaterials can be used for above mentioned applications, they often
come with certain drawbacks. To address these limitations, scientists have turned to hybrid materials, which

are composed of two or more nanoscale materials, such as combinations of metals with semiconductors or
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organic with inorganic components. These hybrid materials have been employed for the same applications,
not only overcoming the drawbacks of single nanomaterials but also significantly enhancing overall
application efficiency. As a result, there is a significant focus on developing energy conversion and storage

devices based on hybrid nanomaterials.

We embarked on the synthesis of CoMoOs (CMO) and activated carbon-CoMoOs (AC-CMO) employing a
straightforward co-precipitation technique at ambient temperature. This method led to the creation of

monoclinic-phase Cobalt Molybdate, a fact ratified through thorough examination via XRD, Raman studies.

IL.TYPES OF SYNTHESIS METHODS
Within the realm of material synthesis, a diverse array of methodologies exists, each offering distinct avenues
to engineer and tailor materials with targeted properties. In this chapter, we embark on a comprehensive
exploration of the various synthesis methods employed in the creation of CoMoOs and related hybrid

materials. This section serves as a crucial foundation to navigate the intricacies of material preparation.

Synthesis methods can be broadly categorized into two principal classifications: physical methods and
chemical methods. These categories represent fundamental approaches that harness distinct mechanisms to
assemble and structure materials at the nanoscale. The ensuring section will delve into each category,

presenting an array of some synthesis methods under their respective umbrellas.
1.1 Physical methods

Physical synthesis methods encompass a range of techniques that manipulate and engineer materials through

physical processes, without involving chemical reaction [1] These methods

leverage physical properties such as vapor phase, template-assisted growth, and mechanical forces to create

materials with specific structures and properties.

Vapor Deposition: Vapor deposition techniques involve the condensation of vaporized precursor materials onto
a substrate, forming thin films or coatings. Techniques like chemical vapor deposition (CVD) and physical
vapor deposition (PVD) enable precise control over film thickness, composition, and crystallinity, making them
suitable for producing uniform and high-quality materials [2].

Template-Assisted Synthesis: This method employs porous templates or scaffolds as substrates, guiding the
growth of materials into desired structures. It offers a versatile approach to create materials with well-defined
shapes and sizes. An example is the use of nano-porous templates to synthesize nanowires or nanotubes [3].

1.2 Chemical methods

Chemical synthesis methods encompass a diverse array of techniques that rely on chemical reactions to create
materials with tailored properties and structures. These methods offer precise control over composition,

morphology, and crystallinity, making them indispensable for engineering materials for specific applications

(4].

Hydrothermal synthesis: Hydrothermal methods involve the reaction of precursor materials in a high
temperature, high pressure aqueous environment. This controlled reaction environment allows the formation
of crystalline materials with controlled particle sizes and shapes. Hydrothermal synthesis is particularly

advantageous for producing nanoparticles and nanocrystalline materials. Di Guo et al. synthesized CoMo0O4
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nanoplate arrays via hydrothermal route and observed electrochemical performance with a specific

capacitance of 1.26 F/cm? [5].

Co-precipitation: Co-precipitation involves the simultaneous precipitation of multiple precursor ions from a
solution, resulting in the formation of solid particles. This method enables the controlled formation of
homogeneous mixtures and the production of materials with well-defined compositions. Co-precipitation is

widely used for creating metal oxides, hydroxides and composite materials [6].

As we bid adieu to this overview of synthesis methods, our focus now shifts toward the unfolding chapters,
where we will unveil our own experimental journey. We tread the path of co-precipitation, a chemical
synthesis technique that empowers us to create the activated carbon- CoMoOs hybrid material. This method,
operating at room temperature, brings forth its distinct advantages as we unravel its nuances and uncover its

potential.

Our experimental approach stands poised to offer a novel perspective on the synthesis process, yielding insights
into the interplay of variables, the intricate dance of precursor interactions, and the birth of a hybrid material
with promising prospects. The following section is dedicated to delving into this process, elucidating the
experimental conditions, and unveiling the key factors that drive the successful synthesis of this remarkable

hybrid material.

III.LEXPERIMENTAL

In the pursuit of tailored nanomaterials with advanced energy storage capabilities, our experimental
journey commences with the co-precipitation method, a top-down approach renowned for its precision.
Within this methodology, we craft two distinct nanomaterials, beginning with the creation of CoMoO4
(CMO) as the foundation. Subsequently, we elevate this synthesis by infusing activated carbon,
culminating in the birth of the activated carbon- CoMoOs hybrid (AC-CMO), a potent union poised to

unlock new energy storage horizons.

The co-precipitation method was judiciously chosen as our synthesis approach due to its exceptional
versatility, allowing precise control over material composition and properties. Its capacity for
homogeneous integration of activated carbon within the CoMoOs matrix ensures a harmonious synergy of
components. Moreover, the method's scalability, practicality, and room temperature operation align
seamlessly with our goal of crafting an efficient and feasible energy storage solution. This method stands as
the ideal conduit to engineer the activated carbon-CoMoOs hybrid, empowering us to unlock its full

potential for enhanced supercapacitor performance.

Chemicals used for the synthesis of both CMO and AC-CMO are as follows Ammonium Molybdate
(NH4)2MoOs, Cobalt Chloride CoClz, Sodium Boro-hydrate NaBHs, NMP/ N- Methyl-2-Pyrrolidone
(CsHsNO), PVDF/Polyvinylidene Fluoride (C2HzF>).

The synthesis of CoMoOs (CMO) and the activated carbon- CoMoOs hybrid (AC-CMO) was achieved
through a facile co-precipitation method, meticulously executed to ensure the precise creation of these
materials. Beginning with CMO, the synthesis involved a sequential process. Initially, Immol of ammonium
molybdate (NH4)2MoOs4, was introduced into 50 ml of distilled water, followed by continuous stirring at

room temperature for 30 minutes using a magnetic stirrer. Subsequently, Immol of Cobalt Chloride CoCl,
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was introduced into the same solution, with consistent stirring maintained under identical conditions.

Finally, the addition of 30mmol of NaBH4 into a 50 ml mixture of ammonium molybdate and cobalt

chloride completed the chemical reaction. This resultant aqueous solution was further subjected to

continuous stirring for an additional 30 minutes. The synthesis process for AC-CMO mirrored that of

CMO, with the inclusion of 200 mg of activated carbon into 50 ml of distilled water as the initial step.

After each variant's three-step synthesis process, the reaction solutions were left undisturbed for 12 hours,

facilitating the formation of precipitates. Following this, the separation of supernatant and precipitate was

achieved through a decanting process, meticulously repeated six times for both material variants.

Sample weight A
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Oven Heating Muffle Furnace Final ele_ctrode
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Figure 3.1 Schematic representation of Co-precipitation experimental method for CMO (A)-addition of

(NH4)2Mo0Os4, (B)-addition of CoCly, (C)-addition of NaBHa

Once excess water-soluble byproducts were eliminated, the resulting precipitate was isolated by draining

excess supernatant. This precipitate was then subjected to heating in a hot air oven at 150°C for a duration of 12

hours, effectively eliminating any residual moisture content. The material was subsequently cooled and further

crushed using mortar and pestle, refining the particle size into the nanoscale range.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 199-206

IV.MATERIAL CHARACTERIZATION TECHNIQUES
1. X-Ray Diffraction (XRD)
XRD is a widely used and most famous technique to obtain information about the crystal structure of solid
materials, such as the lattice parameter, orientation of single crystals, phase, and composition [ 7]. The XRD
pattern of a material is like its fingerprint which can identify the material under observation. The XRD pattern
from a material can be used for determining lattice stress, strain and structural and phase confirmation [8, 9]. It

is also important to note that this technique more useful for crystalline solid phase materials.

The XRD technique is based on scattering of monochromatic X-ray reflection from the crystallographic phase

of lattice [10]. The interplanar distance (d) can be determined using the Bragg’s diffraction equation [11].
2d sinb = nA
Where, 1 = wavelength of monochromatic x-rays, n = order of diffraction and 6 = diffraction angle

Using this relation, the ‘d’ values are computed for known values of A, © and n. This data is then compared with
a standard data set either from Joint Committee Powder Diffraction Standards (JCPDS). The crystallite size for
the sample can also be calculated using the XRD data and using Scherrer formula [12]. By determining the full
width at half maxima (FWHM) of the most intense peak from the data, we can employ it in the following

formula and obtain the crystallite size.

BcosO
Where, D = crystallite size, = FWHM in radians and k = constant (0.89-1.39, mostly 1)

X-Ray Diffraction (XRD)

XRD unveils the concealed structural nuances of our synthesized materials, providing insights into their
crystalline arrangements at the atomic scale. Through XRD, we decode distinctive fingerprint patterns that shed
light on the crystallographic essence and phase composition, enriching our understanding and seamlessly

aligning with our comprehensive analysis [13].

Fig. .2 depicts the XRD patterns of CMO and AC-CMO. It is clear from the XRD pattern that both materials
contain polycrystalline cobalt molybdenum oxide with monoclinic crystal structure. The sharp diffraction peak

at 26.58° corresponds to the reflection of (012) plane. The
other diffraction peaks at 23.45°, 28.58°, 36.49°, 38.58°, 45.04°, 47.04°, 53.8°can be assigned to (02 1), (01 2),

(220), (1 13),(202),(141),(1 42), (113)planes respectively.
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Figure 2 XRD graph of CMO and AC-CMO

The diffraction peaks of the samples can be ascribed to cobalt molybdate and are well matched in concordance
with the standard JCPDS (card no. 26-0477). No peaks due to impurities or other residuals was observed for
CMO, indicating hight purity of synthesized nanostructure. Further, the crystallinity of the hybrid material
(AC-CMO) was comparatively higher than the CMO. The broad and weak diffraction peaks pattern evidenced

small crystallite size and poor crystallization nature of the samples.

In present work, the crystal structures of thin films were analysed by using X-ray diffraction (XRD) patterns
recorded with the Bruker D8 X-ray diffractometer in the 20 = 20° — 80° range. X-ray tube with Cu anode (0 =
1.5406 A) was operated at 30 kV and 20 mA.

Raman Spectroscopy

Raman spectroscopy is an amazing platform to discuss and learn about the vibrational modes and molecular
chemistry such as chemical bonding and intramolecular bonds of molecule [14]. Raman measurement was
carried out from 300 to 1800 cm™ as shown in figure 3 , peaks present till 1000 cm! assigns to CoMoO4 whereas
peaks after 1000 cm! shows the presence of activated carbon. The peak position of CoM0oO4 nanostructure and
activated carbon at 331, 359, 517, 878 and 935 cm!. Pasquan et al. the strong peak of pure CoM0Os at 935 cm™!
and the weaker band range is seen between 700-880 cm™ [15]. Peak aroused at 1321 and 1585 cm'! correlates

with E2g mode of activated carbon which is directly linked to the vibration of Sp>- bonded carbon atoms in 2D
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hexagonal lattice. Raman bands present at 359, 874 and 940 cm' suggest Mo-O-Co stretching vibrations in
Cobalt Molybdate. These main bands of pure CoMoOs and CoMoOs/activated carbon suggest the thriving

synthesis of CoMoOs4 is confirmed.
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Figure 3 Raman Spectroscopy graph of CMO and AC-CMO

In the present work, Raman measurements were carried out micro-Raman microscope Renishaw (invia). The
laser of wavelength of 532 nm with the power of 6 mW is operated from wave number range 200 to 3200 cm™!

(with resolution of 1 cm™) to obtain the Raman spectra of the thin films.
V. CONCLUSION

The synthesis of CoMoOs (CMO) and the activated carbon- CoMoOs was achieved through a facile co-
precipitation method Material characterization such as XRD and Raman spectroscopy have provided invaluable
insights into the structural nuances of the synthesized materials, The XRD pattern revels that both materials
contain polycrystalline cobalt molybdenum oxide with monoclinic crystal structure The broad and weak
diffraction peaks pattern evidenced small crystallite size and poor crystallization nature of the samples. Raman
Spectroscopy identifies vibrational modes, CMO exhibits a uniform and well-defined nanostructure with an

average particle size of around 20 nanometers.
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ABSTRACT

Hydrogen sulfide (H:S) is an extremely toxic and hazardous gas. It is produced naturally or by human
activities. H»S have adverse effects on humans and the environment. Therefore it is necessary to develop
rapid, sensitive, and accurate HaS gas sensor for ensuring human, industrial and environmental safety. Various
methods have been studied to detect H2S which have some drawbacks. Metal oxide semiconductor (MOS) gas
sensors have many advantages including high sensitivity, low cost, low power consumption, tunable
performance, fast response speed. This paper gives review on CuO based gas sensor for detection of H:S.

Keywords- Gas Sensors, Metal oxide semiconductor sensors, sensitivity, tunable performance , response speed
I. INTRODUCTION

With rapidly increasing industrialization and modernization there arises some environmental problems
including various types of pollutions such as air pollution, water pollution , soil pollution etc. Among all these
air pollution is one of the leading causes of various diseases. Carbon monoxide , nitrogen oxides, sulfur oxides,
volatile organic compounds and other toxic gases are the main cause of air pollution. Hydrogen sulfide (H>S)
mainly comes from human activities, industry , paper manufacturing, oil refining, metal smelting,, rubber,
dyes, pharmaceuticals and other industrial production processes and volcanic eruptions, biological decay.
Hydrogen sulfide (H:S) is a colorless, flammable, acidic, and toxic gas that smells like rotten eggs. H2S have
adverse effects on humans and the environment. Therefore it is necessary to develop rapid, sensitive, and
accurate HoS gas sensor for ensuring human, industrial and environmental safety.

Various methods have been studied to detect H:S, including surface acoustic wave method,
electrochemical method, optical analysis method and gas chromatography . Slow detection speed, complex
equipments or high cost are the various limitations of these methods which restrict them to limited use in for
industrial or environmental monitoring. Metal oxide semiconductor (MOS) gas sensors have many advantages
including high sensitivity, low cost, low power consumption, tunable performance, fast response speed. These
advantages of Metal oxide semiconductor (MOS) gas sensors attracts the attention of researchers to develop gas

sensors based on metal oxides.Many n-type semiconductors and p-type semiconductors materials like ZnO,
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In203, WOs, TiOz, Fe203, MoOs, SnO2, NiO, Co30s, Mn3O4, CuO etc are used for making gas sensors. Due to its
unique properties like low cost, non toxic nature and abundant availability copper oxide nanomaterials have
attracted more attention in various applications. CuO (Cupric Oxide) is important oxide compound of copper.
CuO is p-type semiconducting material with a narrow bandgap of 1.2 eV. High chemical stability and chemical
sensitivity to gases, CuO attracted much attention as gas sensors. Nanoparticles CuO and its composite oxides
have potential applications as gas sensor. The gas-sensing behavior of CuO has been studied under exposure to
various gases such as NO2, COz, H2S, NHs CO and different volatile organic compounds. The CuO-based gas
sensors are use in various fields, including the automotive industry, in exhaled breath analyzer environmental
pollution detectors etc.Microwave assisted co-precipitation method, chemical precipitation method , sol gel
combustion route , simple precipitation method, sonochemical method etc. are used for preparation of

nanostructures of CuO like nanowire, nanorod, nanoneedle, nano-flower and nanoparticles.

Review of work on CuO based HaS sensors.

Igbal S Naji [1] prepared CuO-doped SnO:2 thin films prepared by pulsed-laser deposition. Findings shows that
CuO ratio in the SnO: films and operation temperature affects the H2S sensing properties of samples. It was
found that 10% and 15% doped CuO is extremely sensitive to H2S and the best operation temperature is 50°C.
Fang Peng et.al. [2] worked on CuO/WOs composites for H:S sensing. The response of CuO/WO3 composites
changes from p-type to n-type as the CuO content decreases. In case of CuO/WO3 composites gas sensors
different working mechanisms like CuS formation mechanism, weakening mode of n-p type , the H:S
oxidation mechanism, barrier modulation shows their combine effect on response phenomena to H:S gas.
Yempati Nagarjuna and Yu-Jen Hsiao [3] prepared CuO/ZnO Heterojunction Nanostructured Sensor Prepared
on MEMS Device for Enhanced H2S. ZnO nanostructure was prepared using hydrothermal process and CuO
films were deposited on the ZnO nanostructure using RF sputtering process. CuO coated ZnO MEMS device is
tested for H2S gas at 200 °C temperature. The sensor exhibited good sensitivity towards H2S gas than other gases
(SO2, CO, NHs and ethanol) at the operating temperature of 200 °C. A surface acoustic wave (SAW) HsS gas

sensor based on CuO-TiO2 p-n heterojunction film was designed and fabricated by Wei Wu et al [4] The sensor
exhibits high sensitivity to H2S due to the significant current response of CuO-TiO: film to H>S gas. This SAW
sensor also shows good selectivity and stability to H2S with stable frequency shift under different humidity
levels. Jianghao Wang et al [5] prepared copper oxide nanoflower/cobalt tetroxide nanofiber (CuO/Coz0s)

composites by hydrothermal method and electrospinning technology for H:S gas sensor. According to their

study, the improvement of H2S gas sensing properties of CuO/Co30s sensor was mainly due to the larger

specific surface area brings more active sites, which promotes the adsorption of gason the material
surface. Jesse Nii Okai Amu Darko et al [6] Synthesize unique double-shelled hollow MOF based TiN-CuO
nanoparticles by using a two-step technique involving co-precipitating and calcination. to fabricated sensor
that exhibits high selectivity and response towards H2S gas. The related sensor had high selectivity and stability
towards H>S, and the response of TiN/CuO-2 is still 2.5-5 ppm H>S.

Feng et al [7] synthesized gas sensing materials of mesoporous MoO3/CuO/g-CsNs by a facile hydrothermal
strategy which possessed high response and ultra-low LOD to H:S at room temperature. They found that the
excellent gas sensing properties were due to the larger specific surface area that can enable more gases to be

adsorbed on the material surface. The oxygen vacancy reduces the energy required to adsorb the target gas and

the formed heterojunctions by MoO3/CuO/g-CsN4 expedite carrier migration. Zhenhua Li et al [8] prepared
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CuO composite ZnO nanoparticles by a novel liquid phase synthesis method.The gas sensing test conducted
show that the synthesized CuO/ZnO has significantly enhanced sensing performance to H2S which is mainly
due to the formation of p-n heterojunction and the strong chemical affinity and catalytic performance of CuO
for H2S. The highest response to 10 ppm HaS is 941 at a relatively low working temperature of 175 °C. Lili Sui et
al [9] Prepared novel hierarchical CuO/NiO nanowall arrays film sensor by one-step hydrothermal route
without any surfactant or template. he 2.84 at % CuO decorated NiO sensor exhibits excellent sensing
properties at 133 °C. The response to 5 ppm Ho2S attains 36.9, which increases as high as 5.6 times compared to
the NiO one. The CuO/NiO sensor shows a wide linear range from 50 to 1000 ppb, good repeatability,
selectivity and long-term stability, Sihan Li et al [10] synthesized a bamboo-like CuO/In203 heterostucture by
using novel MOF-derived method for H2S detection. It was found that The CuO/In20s (3.5 wt%) based sensor
exhibits outstanding gas sensing performances toward H2S. They also found excellent H2S response
(Rair/Rgas = 229.3-5 ppm), which are 8.5 times higher than that of with pristine In20s. It also discloses low
detection limits (200 ppb), low operating temperature (70 °C) and superior selectivity against other interfering
gases. Caixuan Sun et al [11] prepared hollow-rounded cubes composed of copper oxide (CuO)-sensitized
amorphous zinc stannate (zinc tin oxide (ZTO)) by a coprecipitation method combined with an impregnation
treatment. They found that compared with the ZTO- and CuO-based sensors, the CuO/ZTO-based sensor
exhibited excellent gas-sensing performance toward H2S, with a maximum response value of 574-10 ppm HS
and a low operating temperature of 160 °C. Their findings indicate that the CuO/ZTO composite is promising as

an H»S-sensing material with potential applications in the field of environmental air monitoring.

Conclusion

From the review of different papers it can be concluded that CuO nanomaterials exhibited good response to
various gases, large active surface area and semiconducting nature makes it promising material to be developed
for an efficient H2S gas sensor. With the help of different chemical synthesis procedures the structural and
physical properties of CuO can be modified. Particle size of the material determines the sensitivity and
response time of CuO based sensors. It is also found that sensitivity of sensor enhances by using various
dopants and composite materials.
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ABSTRACT

Solid polymer blend electrolytes of polyvinyl alcohol (PVA) and Polyethylene glycol (PEG) complex with
ammonium nitrate (NH4Br) salt in different compositions have been prepared by solution cast technique
using distilled water as a solvent. Prepared sample are subjected to investigate by XRD and electrical
properties. Polymeric film AC electrical conductivity was measured using 4284 LCR meter in frequency range
of 20Hz to 1IMHz and at different temperature range. XRD shows the amorphous nature of the polymer
PVA+PEG+NH4Br. The dielectric constant, dielectric loss and ac conductivity of PVA: PEG has been
observed to enhance along with the addition of ammonium bromide at the different frequency and
temperature range.

Keywords: Polymer blends, Ammonium salts, Electrical conductivity.

I. INTRODUCTION

Poly (Vinyl Alcohol) (PVA) was widely used owing to its biodegradability, good film formation, non-toxicity,
water-solubility, good chemical and thermal stability [1]. Polyethylene glycol (PEG) has low toxicity, flexibility,
good chemical and physical characteristics [2]. The blending between PVA and PEG polymers was examined
widely to be used in various applications [3-5]. Some modifications of the existing polymers, products with low
cost and light weight may be developed for a wide range of applications with desirable properties such as
mechanical, thermal, and optical properties. This makes them suitable as replacements for other traditional
engineering materials such as metals. Blending is a simple and effective method to develop new materials with
tailored properties. In the present work, the polymer blend electrolytes were subjected to XRD and electrical

conductivity investigation.
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II. METHODS AND MATERIAL

The solid polymer electrolyte of pure (PVA + PEG) with Ammonium Bromide were prepared in different
concentration (95:05), (85:15), (75:25) by solution casting technique. In this technique, PVA and PEG were
dissolving in water separately. After dissolving same concentration of PAV + PEG mix with ammonium
bromide salt then stirred well by using magnetic stirred for 10-12 hr to obtained homogenous mixture. The
obtained mixture is casted in petri dish. The whole assembly was placed in dust free chamber. The solvent was
allowed to evaporate slowly at room temperature for 3-4 days. The dried blend solid polymer electrolyte films
were formed. The AC conductivity were measured using 4284 LCR meter in frequency range of 20Hz to 1MHz
and at different temperature.

IILRESULTS AND DISCUSSION
XRD (X-ray Diffraction Pattern)
The x-ray diffraction analysis is a powerful tool to determine the structure and crystallization of the polymer
matrices. In order to investigate the effect of blending, XRD analysis has been performed and their respective

diffraction patterns of polymer blend and complex ammonium bromide system are compared.
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Fig 1: XRD spectra of (a) PVA-PEG (b) 5 mole %, (c) 15 mole %, (d) 25 mole % of NH4Br.

Figl. shows the XRD patterns of pure PVA+PEG and complex with ammonium bromide. The patterns revealed
that all samples have the characteristics diffraction peak at about 20 covering the 20 range 16-25 get slightly
shifted in the complex PVA+PEG+NH4Br. Fig 1. shows the broad peak at 20 =20° which shows the amorphous
nature of the polymer PVA+PEG+NH4Br [6].
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Fig 2: Variation of AC conductivity with frequency (a) PVA-PEG (b) 5 mole %, (c) 15 mole %, (d) 25 mole %
of NH4Br.

The fig. 2 shows that the variation between AC conductivity with frequency for (a) PVA:PEG, (b)
PVA:PEG:NH4Br (95:05) and (c) PVA:PEG:NH4Br (85:15), PVA:PEG:NH4Br (75:25). It is observed that the
conductivity increases with an increase of frequency in all composition due to more number of free ions. This
will increase mobile of charge carrier. [7-8]. It found that conductivity of PVA:PEG blend increases with
increase in salt concentration upto 25 mol% due to enhancement of ionic mobility and the large number of

carrier ions being introduced into the complex [10-11].
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Fig 3: Variation of Dielectric constant with frequency (a) PVA-PEG (b) 5 mole %, (c) 15 mole %, (d) 25 mole
% of NH4Br.

The frequency dependent dielectric constant of PVA-PEG-NH4Br mole % as shown in (figure 3) . It is observed

that dielectric constant is high at low frequency. Due to contribution of charge accumulation at electrode-
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electrolyte interface. But in high frequency dielectric constant decreases and nearly constant value with
increases in frequency. This is due to the dipole not being able to follow apposite of electric field variation at

higher frequency [12-13].
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Fig 4: Variation of Dielectric loss with frequency (a) PVA-PEG (b) 5 mole %, (c) 15 mole %, (d) 25 mole % of
NHa4Br.

The dielectric loss as a function of frequency is shown in fig 4 shows the dependence of (0") on the frequency
at room temperature. It is found that the dielectric loss is high at low frequencies and decreases with increase

in the frequency. The origins of the dielectric losses are the conduction of losses [14-15].
IV.CONCLUSION

Solid polymer blend electrolytes of polyvinyl alcohol (PVA) and Polyethylene glycol (PEG) complex with
ammonium nitrate (NH4Br) salt in different compositions have been prepared by solution cast technique. . XRD
shows the broad peak at 20 =20° which shows the amorphous nature of the polymer PVA+PEG+NH4Br. The
conductivity of PVA:PEG complexes with ammonium bromide (NH4Br) increase with increasing frequency
and concentration of ammonium salt. The frequency dependant dielectric constant and dielectric loss decreases
with increase in frequency. It is reveal that electrical conductivity of PVA-PEG doped with NH4Br increases
with increasing salt concentration as well as temperature, which is attributed to the formation of charge

transfer complexes.
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ABSTRACT

Artificial Intelligence (Al) is one of the fastest growing technologies in this modern world. Al technology has
undeniable scopes in health care devices, self driving vehicles, satellite imaging, landscape mapping, climate
change monitoring, and health care systems. Al employs a variety of smart sensors that process data in real time
with higher accuracy. Agriculture is an essential sector needed for survival of the human community. Several
measures have been taken to enhance the crop production. However harsh environmental conditions and frequent
pest infestation lead to the agricultural loss. In such scenario, integration of advanced technologies such as
advanced sensors coupled with artificial Intelligence could escalate the agricultural production and minimize the
economic loss. Al-smart sensors in monitoring environmental factors such as moisture, humidity, temperature,
and soil composition that are critical for crop growth. Smart farming also enables measurement of nitrogen
contents in soil that helps farmers to determine the amount of fertilizers to be used in farm lands. Some Al-
enabled equipments and unmanned aerial vehicles are useful in accurate surveillance of pest attack and associated
diseases in farm vegetation. Though the smart farming has great scopes in future, it faces certain limitations
related to high implementation cost, data security, and lack of sufficient Al knowledge in farmers. Special
economic policies, data encryption, and digital literacy could ease Al-enabled smart farming in future.

Keywords: Smart Sensor, Al, Agriculture, advanced technologies.

I. INTRODUCTION

Artificial Intelligence (AI) stands as one of the most rapidly advancing technologies in today's world. Its
application spans across numerous industries [1], including healthcare devices, autonomous vehicles,
satellite imaging, landscape mapping, climate change monitoring, and healthcare systems [2]. The
proliferation of Al has led to significant advancements in robotics worldwide, substantially improving
quality of life and well-being. The integration of Al-driven automation, particularly in sectors like
agriculture, promises the production of high-quality goods with minimal environmental impact [3].
Utilizing a diverse array of smart sensors, Al processes data in real-time with unparalleled accuracy, paving
the way for the development of advanced wireless systems. This technology has permeated nearly every
domain of science and research, fostering innovation and the creation of novel models for consumer

product development, including agricultural products [4].

Agriculture remains a fundamental pillar of human society, continuously evolving to bolster agricultural

yields. Incorporating modern technologies in agriculture, horticulture, and forestry has enabled more
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effective monitoring of plant growth, diseases, and pest populations. Al-enabled equipment in agriculture
addresses various challenges, such as soil conditions, weather monitoring, pest detection, and optimal
harvest timing [5]. By leveraging Al-enabled equipment and a variety of smart sensors, farmers can better
manage crops and vegetables across large areas in shorter timeframes [6-11]. The implementation of Al-
enabled equipment technology holds the potential to reduce resource wastage and enhance farmers'
revenues significantly. Additionally, the integration of the Internet of Things (IoT) and smart sensors with
existing devices can further improve agricultural production by facilitating accurate diagnosis of crop
diseases [12]. Precision farming utilizes Al-enabled equipment technology to monitor agricultural factors,
providing real-time data on crop, soil, water, and air conditions to protect the environment and sustain
agricultural production [13]. Transforming irrigation into a smart irrigation system can expedite the
irrigation process, while unmanned aerial vehicles (UAVs) collect crucial data on factors like pest
infestations, soil quality, and water availability across vast areas in minimal time [13]. Smart greenhouse
technology presents promising opportunities for cultivation with minimal human intervention. Continuous
sensor-based monitoring of temperature, humidity, luminance, and soil moisture optimizes yield while
minimizing agricultural damage [14]. Automated sensors enable informed decision-making to implement
corrective measures efficiently. The Farm Management System (FMS), Al-enabled equipment technology
offers a comprehensive tracing system to analyze various agricultural factors, enhancing both quality and
quantity of agricultural production with minimal manpower and real-time data processing [14]. Al-enabled
equipment technology, supported by intelligent decision-making systems, reduces human intervention in
agricultural management, ensuring greater efficiency and accuracy in automated agricultural operations.
Furthermore, Al-enabled equipment technology generates vast amounts of data, necessitating fast and
efficient data analysis. Al algorithms, such as the optimal mobile network-based convolution neural
network model (OMNCNN), excel in detecting plant diseases through stages like preprocessing,
segmentation, feature extraction, and classification [15]. To predict soil properties like moisture and organic
matter content, proximal soil sensors coupled with computer vision and machine learning algorithms offer
quick, accurate, and non-destructive predictions. Various models, such as Exponential Gaussian Process
Regression and Cubist models, demonstrate excellent performance in predicting soil properties [16]. Deep
learning frameworks like convolution neural networks (CNNs), Recurrent Neural Networks (RNNs),
Random Forests (RF), Deep Fully Connected Neural Networks (DFNN), and LASSO are extensively utilized
to predict crop yields. For instance, a CNN-RNN model achieved remarkable accuracy in predicting average
corn and soybean yields in the United States [17]. In summary, Al holds significant promise in enhancing
the efficacy and accuracy of Al-enabled equipment technology deployed in agriculture. This article aims to
explore the potential implications of Al-enabled equipment technology and smart sensors in monitoring
various physicochemical factors like humidity, temperature, moisture content, nitrogen levels, soil quality,

and greenhouse gases in agricultural lands.

AI-ENABLED EQUIPMENT-BASED TECHNOLOGY AND AGRICULTURE

Al-enabled equipment-based technology and smart sensors offer significant potential for acquiring real-
time data and interpreting them to monitor soil health, water content, crop quality, and production on
agricultural sites [18]. By replacing conventional agricultural methods, smart farming, characterized by

enhanced yield, is becoming increasingly prevalent. These technologies facilitate the assessment of soil
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health, erosion, fertilizer requirements, soil fertility, and crop quality [19]. They also support seed quality
assessment, optical irrigation, and surveillance of crop growth at various stages. Real data obtained from
remote sensing and Al-enabled equipment-based technology can be processed for precision agriculture and
forestry. Innovative approaches such as infrared thermography coupled with smart sensors enable the
sensing of topological data in agricultural land. Furthermore, Al-enabled equipment-based technology and
smart soil moisture sensors are employed for pre-harvesting and post-harvesting assessments in agricultural
lands. Microbial presence in agricultural products poses challenges to global populations [20-22], and
microfluidics-based on-chip artificial pores enable the onsite detection of pathogens [23]. Deep learning
approaches aid in interpreting data acquired from multiple sensors. Utilizing technologies like ZigBee and
Arduino sensors, Al-enabled equipment-based technology allows for precise assessment of temperature,
moisture, soil status, and crop types in specified areas [25]. Consequently, data analysis by Al-enabled
equipment-based technology can facilitate planned increases in agricultural and crop yields. UAVs,
combined with Al-enabled equipment, are key components of smart farming, requiring minimal manpower
while enhancing yield. Sensors deployed in fields gather information on environmental parameters such as
temperature, humidity, soil moisture, and nutrient levels, forming the basis of Al-enabled equipment-based
smart crop monitoring systems. These networked sensors transmit real-time data to centralized cloud-based
platforms, enabling farmers to make informed decisions on crop management, including irrigation, pest
control, and harvesting. Wireless sensor technologies alert administrators and farmers to equipment faults,
initiating troubleshooting. Additionally, automated repair tools contribute to energy conservation,
streamlined data processing, and improved actuation [26]. Al-enabled equipment-based smart sensors
accurately monitor environmental factors such as temperature, moisture, and humidity. Some sensors assess
soil quality by determining nitrate levels and water content. High-resolution cameras coupled with GPRS
systems detect plant diseases and insect pests, while UAV-based surveillance monitors crop growth and

farm land topology. Automated mass flow sensors estimate crop production.

SENSORS FOR SMART FARMING

Various sensors are emerging with implications for smart farming, aiding in automated harvesting,
environmental monitoring, and crop measurement. Al-enabled equipment-based technology-based sensors in
farm lands sense critical factors like temperature, humidity, and nutrient contents, transmitting data to
communication gateways such as cloud servers, satellites, and computing systems for analysis, decision-making,
and necessary actions.

Smart sensors, when coupled with components like amplifiers, transducers, analog-to-digital converters, and
analog filters, enhance their performance. Acoustic-based sensors detect changes in sound frequencies,
enabling the detection of sounds generated by various insects during movement, feeding, and mating events
[27]. Data collected by acoustic devices are transferred to global databases for analysis by researchers,
facilitating the development of automated acoustic sensors for accurate pest detection at the species level [28].
Electromagnetic sensors detect agricultural soil and contamination, mapping topological features of agricultural
lands by detecting electromagnetic waves from various objects. Techniques such as electromagnetic induction,
ground-penetrating radar, and gamma radiometric devices, deployed through unmanned flying vehicles,
provide high-resolution insights into surface processes and vegetation types. Ground-penetrating radar and
electromagnetic induction estimate soil-water content [29]. Electrochemical sensors, lightweight, eco-friendly,

monitor plant growth, diseases, and environmental pollution accurately in real-time. These sensors have
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minimal environmental impact and have been tested for critical biochemical parameters affecting agricultural
yields. For instance, humidity sensors containing graphene oxide sense plant leaf water, while NO2 sensors
detect toxic gases in agricultural fields. Optical sensors, based on their ability to detect light of various
wavelengths, gather information on weed distribution in agricultural fields [30]. Optical sensors coupled with

spectroscopy accurately detect cells infected with green weeds, providing valuable data for weed management

[31].

CHALLENGES AND FUTURE POSSIBILITIES

Global studies on internet and smart sensor-based modern farming have yielded satisfactory results. However,
significant challenges remain, including the financial costs associated with installing internet-tagged sensors
and accessories over large agricultural areas. Outdoor installation exposes internet-based devices to harsh
environmental conditions, potentially leading to mechanical failure. Moreover, a global drive to enhance
technology literacy among farmers is necessary for the widespread adoption of internet technology in farming.
Government policymakers must formulate economic policies to support the successful implementation of

internet-based farming.

CONCLUSION

Al-enabled equipment-based smart farming holds great promise for the future, with smart sensors employed to
monitor environmental factors for maximum agricultural yield. Al-enabled devices aid in measuring moisture
and nitrogen content in soil, as well as monitoring CO2 levels to ensure better crop health. Despite these
advantages, challenges such as the high purchase and maintenance costs of sophisticated hardware and software,
along with limited technology literacy among rural farmers, hinder the widespread adoption of Al-enabled

equipment-based smart sensors in agriculture.
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ABSTRACT

The dielectric parameters of powder turmeric were measured by using X band at 9.85 GHz. The observations
are taken with different densities and temperatures. These values are then compared with theoretical
formulas of Landau-lifshiz-Looyenga and Bottcher. The fair agreement is found between experimental and
theoretical values under consideration that smallest size of turmeric powder is to be 100% solid bulk under

specific force.

Keywords: Dielectric Parameters, Microwave X-band, Turmeric.

I. INTRODUCTION

As non-availability of the waveguides for solid materials used in X-band microwave to determine the dielectric
wavelength (1,) the pulverized form of solid of lowest particle size in micron (50) with compact is considered
as solid bulk. Many researchers [1,2] have tried to co-relate the dielectric behaviour of bulk materials with
their powders.

The interactions of agriproducts dielectric with microwave energy which depends on the frequency,
temperature, compactness of material, moisture content, particle size have been studied [3, 4, 5, 6]

In the paper the dielectric properties of turmeric were determine at various relative packing fraction (6, ), and
temperatures (20°C, 30°C, 40°C, 50°C). Dielectric constant (€"), Dielectric loss (¢'"), Relaxation time (7),
conductivity (o), of turmeric powder were calculated by accurate measurement of dielectric wavelength (44).
Then the values of dielectric constant and dielectric loss are co-related with formulae of Landau-Lifshitz-
looyenga and Bottcher [7,8]. The turmeric sample variety is procured from Marathwada Agricultural

University, Parbhani.

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
and reproduction in any medium for non-commercial use provided the original author and source are credited.
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1. METHODS AND MATERIAL

The dielectric constant (¢') and dielectric loss (¢'") were calculated by accurate measurement of dielectric
wavelength (14) by using reflectometric technique of measuring the reflection coefficient from the air

dielectric boundary of turmeric sample in the microwave X-band at 9.85 GHz frequency [9].

The Following formulae are used to calculate dielectric constant (¢') and dielectric loss (')

_ (R0)? ()2
=@+ )
v 1 ()2
€ =75 (@t @
Ag is the free space wavelength
Aq is the dielectric wavelength

Ac is cutoff wavelength of waveguide

ag is the attenuation introduced per unit length of dielectric material.

For low loss material €’ and €”’ for bulk materials can be co-related with their powder form by relations derived

independently by landau, Lifshitz and Looyenga.
, _ [(36+2ep"-2)e,"]
ST (36-Dey’+1

<-EET @

EI

For—« 1

EV
The experimental Values have been verified by using Bottcher’s equation [8]

The values of conductivity (a;,), Loss Tangent (Tand) and Relaxation time (7, ) are obtained by using following

relations [3]

op = wege - 5)
Tand= > (6)
= e (7)

€p is the permittivity of free space and w is the angular frequency of measured 9.85 GHz (w = 2IIf)

I11.RESULTS AND DISCUSSION

The turmeric were prepared in powder form by crushing and grinding. Then by using sieves it prepared into
four particle size as 2000 um, 500 pum, 125 pm and 50 um. Then these are transferred into separate glass bottles
so as to avoid any moisture intake. These bottles are labelled according to their particle sizes. For each sample
densities are measured to calculate relative packing fraction (6, ) i.e., ratio of density of different size powder to
the density of finest crushed smallest size, 50 yum particle size is assumed as solid bulk for the comparison of co-

relation formula between powder and bulk.
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Figure 1 : Microwave X Band Setup
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Table 1: Values of &', &", T and o5 for turmeric powder at temp 20°C to 50°C and various relative packing

factor (&:)

3.1+
3.0 4
2.9 4
2.8 4

2.7 o

Dielectric Constant

T T T T T T T T T 1
084 086 088 090 092 094 096 098 1.00 1.02

Relative Packing Fraction

Figure 2

0.20

Temp °C 6y €' " 7, (P.S.) g, (102)
0.85 2.55 0.17 1.08 9.3
0.90 2.82 0.23 1.35 12.9
200C
0.95 291 0.28 1.53 15.1
1.00 3.02 0.45 2.39 24 .4
0.85 2.46 0.154 1.02 8.5
0.90 2.62 0.21 1.26 11.2
30 °C
0.95 2.69 0.24 1.41 12.9
1.00 2.77 0.26 1.50 14.1
0.85 2.42 0.150 1.00 8.2
0.90 2.51 0.19 1.21 10.3
40 °C
0.95 2.53 0.20 1.30 11.1
1.00 2.55 0.22 1.40 12.1
0.85 2.40 0.146 0.984 8.0
0.90 2.44 0.14 1.15 9.5
50 °C
0.95 2.47 0.19 1.25 10.4
1.00 2.50 0.213 1.37 11.6
—=— 20°C
—e— 30°C
+4O°C 0.45
—v— 50°C

T T T T T T T T T 1
084 086 088 090 092 094 096 0.98 1.00 1.02

Relative Packing Fraction

Figure 3
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Figure 5

From Table 1. The Values of €’ and €'’ are increases by increasing value of §,. This is expected because the

interparticle hindrance offered to the dipolar motion of material in electromagnetic field at microwave

frequency for compact medium. Such observations are already found by other researcher for higher values of

packing fraction [2, 3, 10].

By increasing &, there is increase in 0 and 7 and there is decrease in o, 7 with increasing the temperature it is

due to increase hindrance to the process of polarization and number of collisions increases causes increase in

energy loss.

Table 2: The values of &' and es" for solid bulk from powder measured and computed at different temp. 20°C to
50°C and at &:=1.00

Temp °C &' &"
Measured By L-L-L By Bottcher’s Measured By L-L-L By Bottcher’s
20°C 3.02 3.0 2.97 0.45 0.44 0.43
30 2.77 2.76 2.74 0.26 0.25 0.24
40 2.55 2.54 2.53 0.22 0.22 0.20
50 1.00 2.50 2.52 0.248 0.213 0.198

Table 2. suggests the values of €;'and €;"’ for solid bulk measured and compared with theoretical values given

by L-L-L and Bottcher. It is found these measured and computed values are nearly same.

IV.CONCLUSION

e The reflectometer technique can be used for powdered sample for determination of dielectric

parameters.
e The co-relation formulae can be used to provide accurate estimate of €’ and €'’ for turmeric powder.

o There is fair agreement between experiments and theoretical values of Dielectric parameters of powder

of turmeric at X-band microwave bench.
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ABSTRACT

Heterocyclic compounds play a vital role in the various metabolism as well as in the pharmaceutics.
Heterocyclic compounds show various biological and pharmacological activities which results attraction of
researchers towards the world of heterocycles. Recently various methodologies were invented and adapted
for the synthesis of heterocyclic motif. From last decade number of researchers brought huge revolution in
the field of metal mediated efficient synthesis of heterocyclic compounds. In the present review we have
mentioned some efficient, ecofriendly Calcium, magnesium and Copper metal catalyst mediated synthesis of
heterocyclic compounds.

Keywords : Heterocyclic compounds, Pharmacological, Biological Activity, Metal catalyst mediated,

Magnesium, Calcium, Copper.
I. INTRODUCTION

Heterocyclic compounds are the class of organic compounds containing one or more than one same or different
hetero atoms other than carbon as a part of cyclic ring. Variety of heterocyclic compounds are known some are
found in nature but number of similar heterocyclic compounds are artificially synthesized in laboratories. The
word heterocycles denotes a class of cyclic organic compounds that mostly contain N, S, or O as a heteroatom.
The ring may be from three to eight members and carbon being the most common ring atom, almost all the
heterocycles behave as aromatic compounds!. Literature survey reveals that there are wide verities of
condensed heterocyclic compounds are known for their biologically potent and exhibits pharmacological
activities, such as anti-fungal activity @, anti-inflammatory activity®!®, antibacterial activity(4?2,

anticonvulsant activity ?>%), anti-allergic activity®¢-39, herbicidal activity®>4?, and anticancer activity“-4),

Heterocyclic compounds have been crucial in the development of cellular metabolism, comprising five and six-
membered rings with one to three heteroatoms. Examples include pyrimidine and purine bases essential for
DNA function. Isolation or combination with other heterocyclic systems facilitates diverse applications in
biological and chemical research. Studies of heterocycles with heteroatoms like Sulphur and Nitrogen are
crucial in heterocyclic chemistry. The 1,4-Thiazine ring systems are particularly important due to their

presence in various natural products and pharmaceutical agents “7#9. They serve as a cornerstone in the

Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
and reproduction in any medium for non-commercial use provided the original author and source are credited.
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synthesis of compounds with diverse biological activities. The presence of heterocycles with a 1, 4-thiazine ring
is also recognized as important in the formation of pigments and dyestuffs 5D, Furthermore, 4H-1,4-
benzothiazines and their derivatives have been found to exhibit a variety of biological activities ¢25%, including
anticancer ¢+5, antifungal 4¢>7, antagonistic®®, antioxidant®, antihypertensive®, analgesic®', cardiovascular
activity®?, antibacterial®®, antimalarial®, antimicrobial®®, and more. Amino acids like proline and histidine,
along with heterocyclic compounds like tryptophan, are common in medicines. Essential precursors for
vitamins and coenzymes, such as thiamine, riboflavin, pyridoxine, and folic acid, also play key roles.
Heterocyclic compounds in vitamin families like biotin, Bi2, and E are pharmacologically active and widely
used in clinical settings, with pyrimidines and derivatives being crucial for living organisms.

Sulphanilamidopyrimidines like Sulphadiazine are well-known antibacterial agents.

Heterocycles are significant structures found in a wide variety of natural products and biologically active
compounds, as well as in organic and "plastic" electronics materials. Thus, the creation of effective techniques
for producing heterocyclic compounds is consistently a top priority in the field of organic synthesis. Over the
last few decades’, numerous methods focused on creating heterocycles have been established, with many
relying on the cyclization of appropriate substances using metal-catalyzed or organocatalyzed techniques. Still,
there are numerous unresolved issues in this field: such as the need for overall advancements in terms of
chemo-, regio-, and stereoselectivity, which can frequently be accomplished through precise adjustments to the
catalytic system, as well as the creation of eco-friendly and sustainable methods, made possible in part by the

utilization of heterogeneous and/or recoverable catalysts.

In the recent there numerous methods were available for the synthesis of heterocyclic compounds and their
derivatives for the various purposes such as their biological, pharmacological and other important uses. Some
methods such as metal catalyzed cyclization, Michel addition, Robinson’s annulation, photochemical reaction,
base catalyzed reaction, thermal cyclization, condensation reactions, Ugi reaction, Heck reaction, Ulmann
coupling, Goldberg reaction and use of homogeneous and heterogeneous catalyst etc.

The C-N and C-O bonds are widely present and significant in organic substances, natural products, drugs, and
agricultural chemicals®. Nearly 80% of drugs available in the market include a C-N or C-O bond. Heterocyclic
compounds containing nitrogen and oxygen are notable for their diverse nature among the many different
types of heterocycles. In addition, these heterocycles are especially crucial in the pharmaceutical field because
of their exceptional solubility and ability to form salts. The synthesis of nitrogen and oxygen containing
heterocycles involves an important step in forming C-N or C-O bonds, for which various synthetic strategies
using transition metal catalysts have been developed©” ). The Ullmann group® and the Goldberg group” were
the first to discover Cu-catalyzed C-N and C-O bond forming reactions. Subsequently, the Buchwald” and
Hartwig groups’? showed the Pd-catalyzed reaction that forms C-N bonds. Recently, the Chan and Lam group
made a significant advancement in Cu-catalyzed formation of C-N bonds ?374. Other than palladium or copper,
various transition metals like nickel, zinc, iron, cobalt, and manganese have been observed to participate in C—
N and C-O bond formation reactions™. However, these methods have inherent drawbacks including high
reaction temperature, costly ligands, limited substrate scope, and excessive waste generation. As a result, it is
beneficial for a variety of organic synthesis applications to have environmentally friendly, uncomplicated, and

direct methods for forming C-N or C-O bonds.
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Palladium is a widely used metal catalyst in heterocyclic chemistry for creating C-N and C-O bonds. These
catalysts are expensive and not very stable, and they do not work well with a variety of functional groups.
Copper has become an appealing and diverse choice for catalytic systems due to the need for them to be
versatile, affordable, multipurpose, and eco-friendly. Cu-catalyzed reactions are extensively utilized in organic
synthesis due to their ease of access, safety, and cost-effectiveness. Copper has been proven to be an effective
replacement for expensive noble metals such as palladium in catalysis. Over the past ten years, the reports of
several new processes have demonstrated the importance of copper in transition metal catalysis. Copper is
considered the most versatile and efficient catalyst among transition metals and is known for its effectiveness as
a redox catalyst. Both Cu (I) and Cu (II) species effectively undergo reactions with chemicals to produce a
variety of heterocycles. Copper salts and complexes, in addition to their traditional role as metals, are now
extensively utilized for their remarkable catalytic properties in various chemical processes. Additionally, it is
extremely urgent to advance the development of organic synthesis in ways that are sustainable. The field of
microwave chemistry has been established and has various well-established applications, along with several
benefits in terms of reaction rate and yield. Due to this, microwave-assisted organic synthesis has become a
useful method for sustainable organic synthesis due to its dependability and effectiveness. Thanks to
microwave aided chemistry, researchers now have the freedom to make significant advances in the design and
development of cutting-edge heterocyclic molecules. The use of microwaves in the industrial preparation of
aromatic compounds, metal-mediated chemistry, and heterocyclic synthesis has now been expanded to include
continuous-flow organic synthesis. Finally, the extensive use of microwaves in organic synthesis can increase
its usefulness for creating valuable organic compounds, polymers, and nanomaterial’s in a shorter time
compared to traditional heating methods “*7. In a recent review, Szostak and his team also discussed the

potential for microwave irradiation in synthesizing privileged heterocyclic moieties © 8.

In this review we have covered some examples of synthesis heterocyclic compounds using various metal
catalyst mediated synthesis as well as microwave assisted synthesis of some five and six membered heterocyclic
Compounds. This review specially focused on the copper and palladium catalyzed microwave assisted green

synthesis of five and six membered heterocyclic compounds.

Synthesis of heterocyclic compounds by using Calcium catalyst:

Safaei et al.®? discussed the synthesis aryl substituted pyridines by condensation of aldehyde 1, thiol 3 and
malononitrile 2 in the presence of calcium oxide nanoparticle 4.(Scheme.1). Calcium oxide nanoparticle have
more advantageous than the homogeneous base catalyst because it is inexpensive, have high basicity, non-
corrosive, cheap, and easy to handle. When it comes to high yields and quick reaction times, this method offers
reusability and requires minimal catalyst loading. Improved technique for syntheis 2-amino-4-aryl-3,5-
dicyano6-sulfanylpyridines 5. When the reaction is carried out under the 'ideal circumstances with a selection
of aldehydes and thiols, at the start of the reaction, electron-withdrawing groups such as NO2, Cl, and Br
readily reacted with malononitrile to yield 2-amino-3,5-dicarbonitrile-6-thio-pyridines 4. The time required
for this conversion is very less. Furthermore, in comparison to unhindered aldehydes, sterically hindered
aldehydes exhibited a slower reaction rate. When we react malononitrile, thiophenol and benzaldehyde obtain

good result.
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Gao et al.¥ and coworkers given a cascade synthesis of bicyclic sulphonamide by using nonhazardous cheap

calcium catalyst. They took advantage of the high Lewis acidity of the calcium catalyst which effectively

convert starting material into carbocations for the cascade synthesis of bicyclic sulphonamides. Calcium

catalyst is inexpensive as compare to the high-cost hazardous Nobel metal catalyst. The reaction begins with

the ionization of hexanol 6 in presence of BusNPFs 10 and calcium (II) bis(trifluromethanesulphonamide) 9.

The conclude that there is no effect of changing the substituent on sulphonamide but the obtain high yield of

the desired product 11 with full diastereoselectivity when one can substitute bulkier group on alkyne.

(Scheme2)
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In 2007 Kobayashi et al®. invented a novel calcium complex12 catalyzed asymmetric [3+2] Cycloaddition of the

o- amino acid derivatives 14 with «, § unsaturated carbonyl compound13 which results 99% yield of chiral

pyrrolidine derivative. catalyst carryout the reaction efficiently no need of additional base or nucleophile and

stereocenter is also generated. (Scheme 3).
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A unique calcium hexafluoroisopropoxide complex was reported by Stambuli's and coworker in 2008. This
complex catalyzed the Pictet-Spengler reaction between m-tyramine 16 and aldehydes 17 to install 1,2,3,4-
tetrahydro isoquinolinel8 (scheme 4). Notably, in certain transformations with little regioselectivity, this mild
condition could replace strong Bronsted acid®. Numerous aryls, heteroaryl, and alkyl aldehydes can be

tolerated by this approach, which results in excellent yield and regioselectivity of the related products.

HoN NH, Ca[OCH(CF),], 10 Mol% HaN

>
RCHO (Ieq) 3A°MS
17 0

16 DCM 23°C 18 R

65-97% yield

Scheme 4: The calcium catalysed Pictet-Spengler reactions of1,2,3,4-tetrahydro-isoquinoline

Yaragorla et al®. described an effective one-pot, four-component synthesis of benzyl pyrazolyl coumarins in
water, catalyzed by calcium (Scheme 5a). This reaction can tolerate a wide range of aromatic aldehydes with
electron-donating and electron-withdrawing groups, as well as aliphatic aldehydes and hydrazine, depending
on the substrate scope. In accordance with their suggested process (Scheme 5b), pyrazolone A was produced by
treating ethylacetoacetate 21 and phenylhydrazine 22. This adduct B was then produced via a Knoevenagel
condensation reaction with an aldehyde. A second Michael addition reaction with 4-hydroxycoumarin 19 took
place to get the final product 23 when Ca ions were present in the reaction.

Alternatively, Path may be used by the reaction to continue. Adduct C was produced by the Knoevenagel
condensation of 4-hydroxycoumarin 19 with benzaldehyde 20. Pyrazones A were then added using a Ca-
catalyzed Michael to results final product 23.
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Magnesium is the most extensively studied alkaline earth element. Apart from their frequent application as

Grignard reagents, other magnesium chiral compounds or reagents have been effectively intended for use in

the synthesis of organic materials. Many changes, such as the creation of heterocyclic compounds, have been

applied to magnesium catalysts or reagents. In this section, the use of magnesium as a catalyst or reagent in

heterocyclic synthesis will be discussed.

Antilla and co-workers®” described the chiral magnesium phosphate catalyzed enantioselective Aza-Darzens

reaction. (Scheme 6) This reaction results enantioselective trisubstituted aziridine 26 when o-chloro-1,3-

diketone 24 treated with N-benzoyl imine 25 in the presence of catalyst Mg[Ps].

o
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Banerjee and co-workers also described the Mgl catalyzed N- transferring electrophilic synthesis of ternary

heterocyclic ring by exposing functionalized aziridine(oxaziridine) molecule 27 with activated olefines 28 and

Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 227-240

Mgl results final product aziridine in cis configuration.29(Scheme 7).

1 s

N Ph ©
o o |
1) Mg[Ps],, THF, 24 h o
+ \ »
Me Me | 2) DMF, DMAP M
RO
] =
24 25 26

73-78% yield
57-92% ee

Scheme 6: The chiral magnesium phosphate complex catalysedenantio-selective aza-Darzens reaction
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Ph 29 EWG
27 28
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Scheme 7: Electrophilic N-transfer reaction with two-carbon substrates.

(.

Banerjee and coworkers?®” reported synthesis Nitrogen containing cyclobutene 32 (Scheme 8). This

transformation is carried out by Mgl> mediated electron N- transfer of phenyl substituted N-tosyl oxaziridines

30 with cyclopropane 31.
e a
R4
Ts
R R
N Ro ° Mgl 4A° MS 2
o
+ o N—— Rs
R; Ry DCM 30%C /
Ts R
PH 4
30 31 32
52-68%
Scheme 7: Electrophilic N-transfer reaction with three-carbon substrates.
& J

DiMauro’s and coworkers? reported microwave assisted one pot synthesis of various 2,6-disubstituted 3-amino-

imidazopyridines 35 by Suzuki coupling using MgCl2 as a catalyst (Scheme 8). The transformation is carried out

by using paraformaldehyde as the aldehyde precursor in this Ugi-type cyclization.
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Scheme 8: MgCl, catalysed rapid and efficient synthesis of various 2,6-disubstituted-3-amino-imidazopyridines

Synthesis of Heterocyclic compounds by using Copper Catalyst:

There are various methods known for the copper catalyzed reactions for the synthesis of various heterocyclic
compounds by means of C-H functionalization such as amination, alkynylation, hydroxylation, and arylation.
Daugulis and co-workers described the copper catalyzed synthesis and compatibility of five and six membered
heterocyclic compounds by C-H functionalization through amidation and amination reaction. This

transformation is carried out by using Cu (OAc)2in presence of Na2CO3. (Scheme 9).

N o e
H Cu(OAc), Na,CO,4 N
+ >
N H DMSO, 80°C Air AN N/\
Yield 40%
Oxa
H Cu(OAc), Na,CO; N
=+ >
N H N DMSO, 80°C Air e N/\

38b
Yield 60%

Scheme 9: Substrate scope of C-H amidation and amination

Hammond and group® describe ecofriendly copper metal mediated one pot tandem synthesis of heterocyclic
compounds by hydroamination alkylation using microware heating (Scheme 10). This is environmentally
sustainable and cheap copper catalyst results a good yield of the final product. This transformation is carried
out by the intermolecular cyclization of aminoalkyne which results into enamine intermediate that finally
undergoes intermolecular addition with terminal alkyne. By application of this method one can able to

synthesize six and seven membered heterocyclic compounds.
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Schemel0 :copper-catalyzed one-pot tandem hydroamination—alkynylation of alkynes under microwave heating

J

Fokin and Raushel described copper(I) thiophene 2- carboxylate (CuTC) catalyzed synthesis of 1-sulfonyl-1,2,3

triazole under non basic anhydrous and aqueous conditions. To carry out this transformation in situ generation

of Cu(I) acetylides and sulfonyl azides at room temperature. Schemell.

In resent there are numerous methods are metal mediated methods are available for the synthesis of
heterocyclic compounds such as Gold catalyzed, platinum catalyzed, palladium catalyzed zinc catalyzed,

ruthenium catalyzed synthesis was known. but in the current review we have mentioned only calcium,

magnesium and copper catalyzed synthesis of heterocyclic compounds.

(

CuTC CcoO- Cu+

| N

S

and sulfonyl azides.

o N \
R, | Cu,0 (10 Mol%) N Ny—
- H—|Si R? T j /
H,O, r.t.
O 272 R
66-96%

Scheme 12:synthesis of 1-sulfonyl-1,2,3- triazoles from in situ generated copper(I) acetylides

Conclusion: Since from last decade there are numerous metals catalyzed synthetic methods was devised which

are used in the pharmaceutically, biologically potent heterocyclic compounds. From these transition metal

catalyzed synthetic methods are more efficient and environmental beings.
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ABSTRACT

The representations or equations of effective thermal conductivity in the current work were discussed and are
applied to data. The proposed revised model with the latest empirical findings has been reported, which explains
the anomalous behavior in the thermal conductivity of Nanofluid samples
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1) INTRODUCTION

Recent work suggests that Nanofluids, a mixture of nanometer-sized particles and carbon Nanotubes (CNTs) in
fluid, can increase the amount of thermal transport beyond what most conventional coolants can see today [1-3].
Since carbon nanotubes exhibit the highest ability to transfer the heat of any material known to us, the addition
of them to conventional heat transfer liquids should, in turn, increase the liquid's thermal conductivity and
Effusivity [3-6]. Results indicate that through the uses of hydrophilic entities, functional groups, and the use of
sound energy stable dispersions, on the order of months, were obtained in water and ethylene glycol with the
addition of carbon nanotubes as low as 0.001 wt%. [7]. 85-90% increase was observed in the estimated thermal
conductivity and Effusivity of the prepared samples [8]. Further tests on the viscosity and electrical conductivity
of the added nanoparticles/CNTs reveal that charge interactions implemented by surfactants play an important
role in the stability and subsequent increase in transport properties of the fluids [9]. The large thermal
conductivity enhancements reported by the experiment led to excitement but also to controversy [10]. The
origin of the enthusiasm was that the measured thermal conductivity was often much larger than that predicted

by well- established effective medium theories under the assumption of well-dispersed particles. [11].

Nanofluids fall naturally into two classes: those Nanofluids in which one element is a metal/metal oxide
Nanoparticle and surface-active agent and those in which the former is replaced with CNTs. Many Nanofluids
in both classes have been studied, but, because the macroscopic scale for suspensions and composites
description has now changed to the nanoscale with different physics, the Effective Medium Theory (EMT) of
Maxwell and Brugemann is not appropriate to predict their transport properties [12]. Instead, the differential
EMT developed by Gao and his coworkers for rod-like inclusions and modified by us for Carbon Nanotube

(CNT) based Nanofluids has been applied in conjunction with the Brownian motion theory developed by Choi
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et al [13-18]. Unfortunately, despite its wide application to Nanofluids, the validity of this approach is still open

to some questions.

2) METHODS OF SYNTHESIS

Synthesis of Nanofluids:

The existing methods of Nanofluid synthesis are divided into the single-step and two-step processes. In the
single step, Nanofluid can be produced using one process cycle. The process is favorable as exhibited by the fact
that produced nanoparticles are usually small (2-30 nm), agglomeration is minimized and the prepared

Nanofluids are the stable ones.

3) THEORETICAL APPROACH
Stationary or static mode:

The static thermal conductivity of Nanofluid obeys the classical Maxwell model from Effective Medium Theory
[19]. The Maxwell model of effective thermal conductivity of solid-liquid mixtures is given for micro or

millimeter-sized particles suspended in base fluids.

_ ﬁ“p +2ﬁ'bf +2(/1p _ﬂbf)¢
T A+ 20y — (A~ Ay )0

z (1)

where Ae is the thermal conductivities of the solid-liquid mixture. Maxwell’s model is good for spherical-
shaped particles with low particle volume concentrations. Hamilton and Crosser modified Maxwell’s model by
incorporating shape factors to account for the effect of the shape of particles [20]. The ETC of the Nanofluid is

given as

_ A+ (n-1)4, ~(N=1)¢( Ay —4,)
. Ay +(N=1) Ay +6( A = 4,)

z 2)

Where n is the empirical shape factor given by 3/{, and V) is the particle Sphericity, defined as the surface area
of a sphere (with the same volume as the given particle) to the surface area of the particle. For spherical
particles, the value of n is 3. In the above model, if the particles in fluid are cylindrical, just like CNTs, Aett can

be calculated by taking n=6, Ap= Acnr, and ¢ is the volume fraction of CNTs in fluid [21].

Brownian motion-induced Nano-convection mode

A theoretical model has been proposed by Jang and Choi [22] that involves four modes contributing to the
energy transfer resulting in the enhancement of thermal conductivity of Nanofluids [22]. The first mode is a
collision between base fluid molecules, the second mode is the thermal diffusion in nanoparticles, the third
mode is the collision of nanoparticles with each other due to the Brownian motion, and the fourth mode is a
collision between base fluid molecules and nanoparticles by thermally induced fluctuations. Considering all the

above four modes, the ETC of Nanofluid is given as
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where B1 = 0.01 is a constant for considering the Kapitza resistance per unit area; C1 = 18 x 10°1is a

proportionality constant; Pr is the Prandtl number defined by Pr = M of the base fluid, and the Reynolds
Por it

kT

(Crmd,) _
~—~ where Crm. = ————— is the random motion velocity of a

number is defined by Re, =
p v 3t d ol

nanoparticle and v is the kinematic viscosity of base fluid. They recommend, for water-based Nanofluids the
equivalent diameter dvf = 0.384 nm and mean-free path of water lr =0.738 nm at a temperature of 300 K. The
overall thermal conductivity of Nanofluids could be found by adding equations consisting of static and dynamic

parts.

/Ieff = ﬂ’ + ﬂ“dynamic (4)

— “static

The model proposed by Koo and Kleinstreuer is one among the existing models that predict the thermal
conductivity of Nanofluids based on Brownian motion [23]. This model was composed of two parts. One is
referred to as the static part (Asuic) evaluated by mixture models, i.e. the Maxwell model and the other part

(Adynamic) is attributed to the Brownian motion. According to this model the ETC of NFs given as

_ ¥ 2hy 2y TP, e By C o ’% f(T.¢) ®)
pp p

" ﬁ’p +22’bf +(ﬁ'bf _ﬁ“p)¢

Where P shows the fraction of the liquid volume that travels with a particle and decreases with the particle
concentration because of the viscous effect of moving particles. § is a function of the volume fraction ¢ of

nanoparticles, which is given by

3 =0.0137(100¢) " for $<0.01 ©6)

And f3=0.0011(100¢) *™" for $>0.01 7)
The function f (T, ) is given by

f (T,9) = (~6.04¢ +0.4705)T +(1722.3p—134.63) ®)

‘Which is valid for 0.01<®<0.04 and 300 K<T<325 K.

New empirical correlations were derived by Das et al [24] from a broader set of experimental data derived from
three Nanofluids.
Where,

f(T,p)=(2.8217x102¢+3.917 xlOB)(TL] +(—3.0669 x10°¢—3.91123x107°) (9)

0

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 241-246

And [ =8.4407 x (100g) 7% (10)

3 = 9.881x (100g) %46 an

for ZnO and CuO-based Nanofluids respectively.

Chon et al. [25] proposed an empirical correlation based on experimental data for the thermal conductivity of
Al20Os Nanofluid using the Buckingham-Pi theorem with a linear regression scheme. They showed that the
Brownian motion of the suspended nanoparticle is the most important factor in the enhancement of the

thermal conductivity of Nanofluids. The correlation is given as

p) q 0.3690 P 0.7476
ot _1464.7 Rel.zszl(Pr)0-9955 (ij [ p ] (¢)0.7460 (12)

f d p ﬂ'bf
where dbf is the molecular diameter of the base fluid; Pr = Fhx is the Prandtl number of the base fluid and
Pt Ayt
(pbf KT ) . . .
Re = s the Reynolds number; |b]c is the mean-free path for the base fluid.
(37fﬂbf |y )

Prasher et al. [26] proposed the Multi-Sphere Brownian model (MSBM) to predict the enhancement in the
thermal conductivity of Nanofluid is primarily due to the convection caused by the Brownian motion of the
nanoparticles. They introduced a convective-conductive model, which is a combination of the Maxwell—-

Garnett conduction model and the convection caused by the Brownian motion of suspended nanoparticles.

ﬂ’nf _ m
— =1+ ARe" (Pr

f

0333 [ﬂ’p (1+2a)+22”m]+2¢|:/1p (1—20!)_ﬂ«m]
) ¢[ [ip(1+2a)+2,1m]_¢[,1p(1_a)_/1m] (13)

where the coefficient A =4 x10%; m = 2.5 + (15% of 2.5) for water-based Nanofluids, m = 1.6 + (15% of 1.6) for

1
EG-based Nanofluids, and m = 1.05 + (15% of 1.05) for oil-based Nanofluids; A, = 4 |:1+ (Zj Re. PI} is the

1 [18xT

matrix conductivity; Re = — / " is the Brownian—Reynolds number; o =2R A, / d, is the nanoparticle
V7P

Biot number; Rs is the interfacial thermal resistance between nanoparticles and different fluids; v is the

kinematic viscosity and Pr is the Prandtl number of the base fluid.

Another model based on regression analysis is used to predict temperature-dependent ETC enhancement in

Nanofluids [27]

f

/1 10 0.03
h=1v44 Re°'4(Pr)°'66[LJ [iJ () (14)
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Following the work of Corcione [27], he developed an ETC enhancement model based on regression analysis.
The correlation proposed is based upon 11-12 data sets of thermal conductivity of Nanofluids mainly
containing TiOz, Al203,and CuO nanoparticles. The nanoparticle volume fractions are in the range from 0.002
to 0.09 whereas temperature lies from 294 K to 324 K. The effective thermal conductivity enhancement of
Nanofluid is given by equation as a function of Reynolds number, Prandlts number, and effective volume

fraction.

Conclusion

The classical models are inadequate to explain the anomalous increase in the effective thermal conductivity of
Nanofluids. Therefore, there is a need to further develop the effective thermal conductivity model, which

encompasses all the prepared Nanofluids with different variety of nanoparticles of different shapes.
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ABSTRACT

Green technology is the technology which is environment friendly, developed and used in such a way so that
it doesn’t disturb or harm our environment and conserves natural resources. Green Technology is a part of
renewable technology. Importance of this technology cannot be ignored. Green Technology is also called as
“Environmental technology” or “Clean technology”. There are many more application of Green Technology.
Its applications includes environmental science, green chemistry, monitoring of environment and also the
electronic devices and equipment which are used to monitor, control, protect and conserve the environment
and natural resources. It is related to sustainable technologies.

Keywords: Green technology, Sustainable Development, Environment etc.
I. INTRODUCTION

Green technology is a term which has been recently introduced and the main idea is to create new
technologies which are environment friendly. Energy efficiency, recycling, health and safety concerns,
renewable resources are the factors that contribute to green technology. The aim of adopting green technology
is reduce damage to the environment, birds and animals and plants as well as damage to the world in general. It
is also referred as clean technology. It is safe for use and promotes a safety and healthy environment. The
purpose of this technology is to reduce global warming and greenhouse effect.

Green technology is an environmental technology that is mainly adopted to protect the environment and
conserve resources. As it is the part of the renewable energy branch of the environmental technology
movement, the importance of green technology cannot be ignored. By developing green technology we can
reduce the damage caused by the pollution and other factors that affect the environment and animals. Its aim is
to reduce the degradation of the environment. As the environment is full of pollution and hazardous there is an

urgent need for to adopt the green environment before the things get worsen.
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1.  Goals of Green Technology

The main goals of green technology are

o Sustainability- Meeting the needs of the future without damaging or depleting the natural resources.

o Source reduction — The wastes and pollution to be reduced by changing the production and consumption
patterns.

o Innovation — Developing alternative to technologies to prevent further damage to the health and
environment.

o Viability- Economic viability of technologies and products that benefit the environment and truly

protect the planet.

2.  Objectives of Green Technology

Green technology is mostly focused on developing new technologies which has no or little impact on
environment and which is harmless to society. Some of the objectives of green technology are as follows:

o To achieve the good quality of life.

o To reduce increasing the rate of growth of energy consumption.

J To enhance the economic development.

o To reduce the level of pollution and waste generation thus protecting or improving the environmental
quality.

J To motivate for new innovations in Green Technology development.

o To increase the awareness and education among the public about Green Technology.

J To increase the use raw materials and to promote the utilization of residues, recyclable waste, local

materials as raw materials for conversion process.

o To encourage for sustainable development and preserve the environment for future generations.

3. Importance of Green Technology
Green technology, an environmentally friendly technology is developed and used in a way that protects the
environment and also conserves natural resources. A part of the renewable energy branch of the environmental
technology, the importance of green technology cannot be ignored. We have come to a point, where we need
to pause and reflect on the growing green technology importance and why it is going to be important for
humanity. With many reasons behind green technology importance, perhaps volumes can be written and
spoken on the subject. Whether it is the growing importance of green technology in the industry or at homes,
it is certain that things need to be done fast. It does not take a rocket scientist to state that mankind has to do
something about clean environment and save energy resources. Going green can only help us come out of the
present tough situation. Before things turn for the worst, we should realize the green technology importance to
solve this problem [1-2].
The main four pillars of green technology policy are

e Energy — Seek to attain energy independent and promote efficient utilization;

e Environment - Conserve and minimize the impact on the environment;

e Economy - Enhance the national economic development through the use of technology; and

e Social - Improve the quality of life for all [3].
DISCUSSION
Solar energy, wind energy, ocean energy, energy conservation, Bioremediation are some of the green

technologies which are intended to protect environment and conserve natural resources.
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Solar Energy

Solar power is quickly becoming a major contender in the race for renewable energy. About 89 petawatts of
power are available at any given point in time, 6,000 times the power consumed by all human civilization. In
14.5 seconds, the earth absorbs as much solar energy as humanity consumes in 24 hours. There are various
application of solar energy. For example solar energy can be harnessed for water distillation through
evaporation. After placing translucent material over a moist patch of ground, in a manner that does not allow
air to escape, the evaporated water which becomes a liquid on the surface of the material. This water can then
be gathered into a cup or another container of some sort. The water produced is pure, and can be safely drunk.
India’s solar power generation capacity stood at over 9 GW as on December 31, 2016 with Tamil Nadu having
the largest output capability followed by Rajasthan and Gujarat. “As on December 31, 2016, Gujarat (1.16 GW),
Rajasthan (1.32 GW), and Tamil Nadu (1.6 GW) have crossed 1 GW solar installations..., while Andhra
Pradesh (0.98 GW), Telangana (0.97 GW) and Madhya Pradesh (0.84 GW) are close to these states. Solar power
development varies from state to state depending on solar irradiance, availability of conducive state policy for
the sector, availability of land, cost of financing and business environment such as willingness of DISCOMS to
purchase the solar power, power evacuation infrastructure, etc.

The government is promoting solar energy through fiscal and promotional incentives such as capital and/or
interest subsidy, tax holiday on the earnings for 10 years, generation-based incentive, accelerated depreciation,
viability gap funding (VGF), financing solar rooftop systems as part of home loan, concessional excise and
custom duties, preferential tariff for power generation from renewables, and foreign investment up to 100 per
cent under the automatic route, etc. This apart, the government has been supporting solar manufacturing by
way of various mechanisms such as Modified Special Incentive Package Scheme (M-SIPS) of the Ministry of

Electronics & Information Technology [7].

Wind Energy

Wind energy is a capable source for renewable energy, but the uncontrollable nature of the wind presents
concerns. Unsteady winds do not provide the best aerodynamic performance for wind turbines and sudden,
uneven gusts can lower the productivity of the blades. Under National Wind Resource Assessment programme,
Ministry through National Institute of Wind Energy, Chennai (erstwhile Centre for Wind Energy Technology
(C-WET)) and State Nodal Agencies had installed and monitored 794 dedicated Wind Monitoring Stations
(WMS) of height ranging from 20 m to 120 m (20m, 25m, 50m, 80m, 100m & 120m) throughout the country as
on 31.12.2014. Initially the wind monitoring was carried out only in known windy areas. Now it is extended to
new/ uncovered areas which are not explored in earlier projects to complete the Indian Wind resource
mapping. Further hundreds of private winds monitoring stations are also operational in the country. Based on
the analysis on the data collected from these 700 plus WMS, it is found that 237 stations have economically
preferable wind power potential greater than 200 W/m2 [8].

Ocean Energy

At present, the possibility of globally-dominant, large-scale, ocean energy plants is just that: an attractive
possibility. As with any new technology, existing marine energy devices possess limitations. Their construction
and maintenance may currently prove financially demanding, and not all sites are suitable for their effective

implementation. However, these problems will likely soon see solutions, and ocean energy conversion may
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soon produce as much as, if not more electricity than other forms of green energy, such as traditional wind

power systems.

Energy Conservation
Energy Conservation can be achieved by the use of equipment which requires lesser amount of energy,
following low consumption of electricity; thereby reducing the use of fossil fuels to generate the same. Energy

conservation and efficiency are both energy reduction techniques.

Water Treatment

It is a step by step processes used to make the water more suitable for the end users. The use of such water
categorized broadly among drinking water, industrial use, and medical use and also for other uses. The main
objective of water treatment is the removal of pollutants in the water, so as to make it suitable for further use.
From the viewpoint of environment water treatment is used to reduce the adverse impact of the water
returning to the environment after its use. Settling, filtration, disinfection, coagulation are some of the basic
physical and chemical processes employed for water treatment. Also aerated lagoons, activated sludge or slow

sand filter are some prominent process.

Environmental Remediation
Environmental Remediation deals with the removal of pollutants from the natural resources such as ground

water, water reserves on earth surface, soil for the protection of environment and human health.

Attaining Environmental Sustainability via Green Technologies

By using various green technologies in a systematic way with strategic plan there is a probability of attaining
environmental sustainability which helps in conservation of natural resources and protection of environment.
The technologies like fuel cell and renewable energies are getting much exposure as green technologies as they
can be easily adapted in the existing infrastructure. Green Transport is an application of fuel cell and renewable

energies, so the adaptability of this depends on how well fuel cell and renewable energies are implemented.

The risk associated with "dirty" technologies such as the petroleum products are alarmingly raising. The "clean"
technologies as a result, are expected to provide lower risk alternatives. Most of the governing bodies in
developing and developed countries are investing large amount of money into clean energy market and
pursuing businesses facilitating renewable energy technologies that are energy efficient. One of United Nations
Environmental Program's report states, in 2006, $2.9 billion was invested in clean technologies (mostly in wind,
solar and other low-carbon energy technologies), which was 80% higher over 2005. As climate change threat

has spurred green investing, UNEP coins this trend as the "world's newest gold rush" [4, 5].

Green Technology (GT) covers a broad group of methods and materials for generating energy to non-toxic
cleaning products. The main reason, this area has been significantly important is because most of the people
expect a dramatic innovation and changes in their livelihood. The development of alternative technology
should attempt to benefit the planet truly protecting the environment and mother earth. This technology
meets the needs of society in ways that can continue indefinitely into the future without damaging or depleting

natural resources. In terms of the technology that can create products, which can be fully reclaimed or re-used,
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such cradle to grave cycle of manufacturing has successfully reduced waste and pollution by changing patterns
of production and consumption. The innovations in technology have aroused interest in developing alternative
fuels as a new means of generating energy and energy efficiency. Furthermore, GT is the application of green
chemistry and green engineering, one of the most exciting fields of technology, which is supposed to transform
the way that everything in the world is manufactured. The world relies on large amounts of energy. The level
of dependency has increased on fossil fuels such as oil, gas and coal. Energy is important for sustaining the
planet and therefore the task before us is to assess and utilize various sources of energy that occur naturally in
the environment. Green technologies definitely shows prominent results in utilizing various alternative energy

resources to overcome the present energy demands and also promotes sustainable development.

CONCLUSION

From the above discussion we can conclude that green technology is a must in today’s scenario to achieve
environmental sustainability and also to lead sustainable life. Because the conventional technology is
challenging the sustainability of today’s environment. Although some problems are coming in the way of its
implementation but if we see its long term implication it’s for sure we and our future generation will be
benefitted. Also using green technology we can conserve our limited energy sources to some extent. In India,
the demand for private transportation is alarmingly increasing because of the inadequacy of public
transportation system. The development of eco-friendly and affordable public transportation solution is not
therefore, a question of choice, but the need of hour. This can be solved by green technologies with proper
research and development. There is a huge construction work going on in India. The concept of environment-
friendly or green building needs to be adopted by developing locally relevant all-weather building technologies
and construction methodologies to reduce increasing dependency on air-conditioning. Almost 70 per cent of
Indian population depends on agriculture, which is one of the energy intensive sectors. Agriculture consumes
about 35 per cent of the total power generated through electrically operated pump sets. It is expected that
about 30 per cent of savings is possible through appropriate technology [6]. For example, larger valve can save
fuel and power to draw water from the well. It has been shown that the farmers can save 15 litres of diesel
every month by simply reducing the pipe height by 2m. The use of good quality PVC suction pipe can save
electricity up to 20 per cent. Finally, Green technologies would definitely help in attaining environmental

sustainability if utilized systematically.
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ABSTRACT

Human life has been seriously threatened by the rising energy usage of nonrenewable fossil fuels in recent
decades. Consequently, there is a pressing need to create inexpensive, environmentally safe, and dependable
energy storage technologies. Supercapacitors are a potential energy technology because of their high power
density, superior cycle stability, and quick charge/discharge times. Studies on metal-based compounds and their
composites abound; bismuth-based materials and their composites stand out due to their charge storage capacity,
redox behavior, environmental friendliness, and growing interest in their potential applications in supercapacitor
and battery technologies. Firstly describe the development of supercapacitor and working principle and
mechanism of supercapacitor and we summarize bismuth vanadate based electrode material supercapacitor
parameter like cyclic stability, specific capacitance, electrolyte and method of preparation of nanoparticle.
Furthermore, the difficulties and prospects for bismuth-based composites for energy storage are explored in the
concluding section.

Keywords- Energy density, Power density, Specific Capacitance, energy storage, supercapacitor

I. INTRODUCTION

Scientists and researchers have been looking into electrode materials that can combine batteries' high energy
density with supercapacitors quick charging times in recent years [48]. Fossil fuel use and consumption are the
primary causes of the recent massive increase in energy demand because they have a persistently negative
impact on ecosystems and the environment [1]. Supercapacitors, batteries, and capacitors are examples of larger
energy storage devices with high power and energy densities that are required due to the recent technological
breakthroughs and the rapid rise of energy consumption [2]. The availability of drinking water is decreasing in
comparison to sea water, electricity, fuel, and air. For the biosphere and all living beings, this lack is
detrimental [3, 4]. There are many choices for renewable energy solutions that have been investigated because
using renewable energy sources is essential for improving the environment and human health. For both
developed and developing countries, RuO2, MnO2, Co304, NiO, SnO2, and NiFe203 must be constructed with
efficiency. This applies to supercapacitors, fuel cells, and batteries. Nanoelectrodes made using a range of
chemical and physical deposition techniques have been researched for utilization in supercapacitors for

commercialization [5-7]. These electrode materials include compounds based on bismuth (Bi), such as oxides,
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chalcogenides, and halides. These compounds have a variety of uses, such as supercapacitors, batteries, solar
cells, gas sensors, and photocatalysis [8-9]. Supercapacitors based on vanadium oxide outperform other
materials because of their high level capacitance, good rate capability, low cost, and superior store capacity [10].
Among the previously available techniques for generating m-BiVO4 are the microwave-assisted approach,
flame spray pyrolysis, solid-state reaction, co-precipitation, hydrothermal, solvothermal, and solution
combustion procedures. The produced items included uniform sizes, unique morphologies, well defined self-
assembled structures, and high phase purity. The hydrothermal process may offer simple and environmentally
friendly testing conditions [12].

Classification of supercapacitors

Supercapacitors come in three different varieties: EDLC, Psudocapacitive, and hybrid. Because the capacitance
is proportional to the surface area of the electrode material and electrosorption and redox reaction mechanisms
take place on the electrode surface, super capacitive supercapacitors are utilized. Their energy density and
specific capacitance are higher than those of an electrostatic double-layer capacitor because of their faradic
redox reaction and broad operating potential window [32].

Electrostatic double-layer capacitor

The electrostatic double-layer capacitors store energy through the accumulation of electrostatic charges, or the
physical adsorption-desorption of ions in the electrode-electrolyte interfacial double layers. This process is
known as the Helmholtz electrical double-layer and leads to the electrostatic separation of charges. One
electrode, one electrolyte, and one separator make up the capacitor's three main parts. A double-layer of
electrostatic material forms at both electrodes of the capacitor when an external voltage is applied. One layer of
charges, known as the electronic layer, is created when electrons build up on the electrode surface lattice,
while the other layer is created when solvated ions of opposing charges from the electrolyte accumulate.
Together, these layers comprise the electrostatic double-layer. The solvent molecule's monolayer, which
physically sticks to the electrode's surface and helps with charge separation, divides these layers [49]. As a

result, the electrodes form an electrostatic double-layer, as seen in Figure 1.
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Fig. 1. Schematic representation of electrostatic Fig. 2. Schematic representation of
Double-layer at the electrodes of EDLCs [50] pseudo capacitor [54]
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Fig. 3. Schematic representation of the working principle of the hybrid supercapacitor [55]

Carbon-based electrode materials, such as activated carbon, carbon aerosol, graphene, and others, are utilized
in electrostatic double-layer capacitors. Because of the ions' physical adsorption at the electrode surface, the
materials have a large surface area but a low specific capacitance [52].

Pseudocapacitor

It is the reversible faradic reaction at the electrode-electrolyte interface that drives the charge storage
mechanism in the pseudocapacitor. During the procedure, the reversible redox interaction between the
electrode and the electrolyte facilitates the charge transfer, or electron transfer. Only electron transport
happens during the procedure; there is no chemical reaction at the electrode surface. The electrode material
consists of conducting polymers including polyaniline, polypyrrole, and polythiophene as well as transition
metal oxides like RuO2, MnO:2, Co30s4, Fe203, and binary metal oxide. Throughout the redox process, the
transition metal's valence electron participates in electron transfer. In the pseudocapacitor, there are three
distinct methods by which electron charge transfer takes place [53].

1. Electrosorption of ions at the electrode

2. Reversible redox reaction at the electrode

3. Intercalation process i.e. doping and de-doping of electrolyte ions.

Figure 2 displays the schematic representation of a pseudocapacitor. The capacitance is proportional to the
surface area of the electrode material, where the redox reaction and electrosorption processes take place. Due
to their wide working potential window and faradic redox reaction, they have a larger specific capacitance and
energy density than an electrostatic double-layer capacitor [54].

Hybrid supercapacitor

The battery and capacitor electrodes that work with a wider voltage window are combined to form the
electrodes of hybrid supercapacitors. These electrodes operate via faradic and non-faradic response mechanisms,
respectively. The hybrid capacitor's cathode is composed of lithiated compounds for the lithium-ion capacitor
and transition metal oxides for the asymmetric supercapacitor. Through the reversible redox process, these
materials store energy. The carbon-based materials activated carbon, carbon nanotubes, and graphene, which
make up the hybrid capacitor's anode, store charge electrostatically that is, through the physical adsorption and

desorption of electrolyte ions at the electrode [55].
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Figure 3 displays the schematic diagram illustrating the hybrid capacitor's operation. The energy density of the
hybrid supercapacitor can be increased by using faradic materials as the cathode, and the power density and
cycle life of the finished product can be increased by using EDLC materials as the anode.

[56].

Bismuth-based materials

Since they are inexpensive, non-toxic, have a high oxygen conductivity, and exhibit dielectric behavior,
bismuth materials have found extensive application in a variety of fields, including gas sensors, photocatalysis,
catalysts, energy storage devices, and many more. Due to the fact that their redox reactions take place over a
large potential range, compounds based on bismuth can also act as negative electrodes while using a symmetric
supercapacitor. [57]

Properties of bismuth

Group 15, period 6, p-block element bismuth has the atomic symbol Bi, atomic mass 208.98 g, and atomic
number 83. It has an electronic structure of [Xe] 4f145d106s26p3 with electron distributions in the following
shells: 2, 8, 18, 32, 18, and 5. At 156 pm for the radius and 207 pm for the van der Waals radius, the bismuth
atom is an element that is brittle and silvery-white in colour. Because of its low melting point, lowest thermal
conductivity, and volume expansion upon freezing, it finds unique uses in the printing and electronics

industries. The only heavy metal that is not poisonous is bismuth [58].

Materials and composites based on bismuth for use as supercapacitor electrode materials

Bismuth oxides and hydroxides have been reported by many researchers as pseudocapacitors for

supercapacitor applications (Table 1)

M. Isacfranklin et al reported that the best approach for creating vanadium oxide electrode materials is
hydrothermal synthesis. In terms of electrochemical performance, cobalt vanadium oxide electrode material
outperformed nickel and bismuth vanadium oxide electrodes in this investigation. In Cyclic Voltammetry, the
potential window at 10 mV/s provided the SC of 426.11 F/g, while 0.5 mA/g current density yielded 285.65 F/g
in GCD. Additionally, the produced anode electrode material demonstrated excellent capacitance after 5000
cycles, at 83.64%. EIS spectra verified the cobalt vanadium oxide material's superior conductivity. It said that
cobalt vanadium oxide material is best electrode materials for supercapacitor applications [24]. Patil SS et al
reported Energy density of 2.63mWh/cm? in per kg it is 38.43 Wh/Kg and power density of 558mW/cm? in per
kg it is 8.1 kW/kg are reached in 1.6 V voltage windows utilizing the hydrothermally manufactured Ag:BiVO4
dendritic architecture [19]. Lakshmana Kumar Bommineedi et al reported as an active electrode for a
supercapacitor, nanostructured bismuth vanadate (BiVOs4) was grown utilizing the SILAR process. BiVOs has
developed into an orthorhombic structure, according to structural studies, with a surface structure resembling
spongy nano-pebbles. At a scan rate of 3 mV/s, and SC is 707 F/g. The capacitive and faradic contributions have
been thoroughly investigated. Electrochemical impedance spectroscopy (EIS) studies show that the electrode
has series and charge transfer resistance values of 5.723 and 0.89 ohm cm?, and achieve of cyclic stability 102%
even at 3500 cycles [23]. Guangtao Zan et al reported a new monoclinic BiVOs+ nanocoral-assembled
superstructure at low temperature archived a narrow band gap and good conductivity using the solid-
hydrothermal approach. When used as the negative electrode of a supercapacitor, its highest specific
capacitance can reach 788 F/g, outperforming all previous BiVOs4 based electrode materials and exceeding 97%
of its theoretical value. It has a high capacitance while also having a high rate capability of 537 F/g at 30 A/g
and cycling stability of 75% retention ratio after 1500 charge discharge cycles. [25]. S.A. Pawar et al reported at
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the expense of this article, metal sulfide-based electrochemical supercapacitors are created on nickel foam using
the SILAR technique in a common sulphur source beaker for both copper and silver. The electrodes outperform
pure Cu2S and Ag2S in terms of cycling stability, with a capacity 89% after 2000 CV cycles and a SC of 772 C/g
at a scan rate of 10 mV/s [26]. Bin He et al. reported to manufacture porous 1D Cu-BVO nanotubes, the
solvothermal method and electro spinning are used. When 5.0% Cu is doped into BVO nanotubes, the BET
surface area increases from 10.2 m2/g to 26.5 m2/g, suggesting that Cu doping boosts specific surface area while
decreasing average pore size. The increased surface area of BVO may be attributed to the reduction in pore size
caused by Cu doping. The increased surface area is projected to result in more active sites and faster transfer of
photo generated carriers to the photo catalyst's surface [27]. Rajkumar Srinivasan et al. report In-situ
polymerization was used to generate a composite comprising BiVO4 and PANI. According to GCD experiments,
the BiVO+/PANI composite had a specific capacitance of 701 F/g at 1 A/g current density, and it retained 95.4%
of that capacitance even after 5000 GCD cycles at this current density [22]. Deng L et al. reported by using the
HD approach, polycrystalline monoclinic BiVO4 and rGO nanocomposite electrodes were created. The as-
obtained BiVO4/rGO, using aqueous Na2SO4 solution as the electrolyte, showed a SC value of 479 F/g at 5 A/g
[29]. Arora Y et al. reported on the solvothermal method's application to the construction of an electrode made
of a composite of monoclinic scheelite BiVOs and MoSz. A SC value of 610 F/g, whereas bare BiVOs displayed a
SC of just 108 F/g and around 80% stability over 200 cycles [30]. Zhang Z et al. reported the 2-D monoclinic
the room-temperature precipitation method was used to create BiVOs4 and its BiVO4 Ag nano composite.
According to the CV and GCD investigations, adding Ag enabled improved electrochemical performance SC is
109 F/g and stability over 5000 cycles is 85.4% [31].

Table 1: Survey data of BiVOxs literatures on supercapacitor applications.

Electrode Deposition Electrolyte | ED PD SC CD/Scan | CR (%) Referenc

material method (Wh | Kw/ | (F/g) rate es
/Kg) | Kg

BiVO4/RGO Hydrothermal | 6MKOH 33.7 |8 151 0.15mA/c | 80@2000 [16]

mZ

SWCNT/BiVO, Solvothermal | 2MNaOH -- -- 395 2.5A/g 88@200 [17]

BiVO4/ RGO Hydrothermal | 1IMNa So, 35.3 |2.05 | 400 5mV/s 70@1000 [18]
7

Ag:BiVO, hydrothermal | 6MKOH 38.4 |8.1 7.39F/ | 10 A/g 82@4000 [19]
3 Cm3

BiVO4/ RGO hydrothermal | 2MKOH - - 484 5mV/s 87@2000 [20]

BiVO‘l/MoS2 Solvothermal | 2M NaOH - - 610 1A/g 80@200 [21]

BiVO4/PANI Hydrothermal | IMKOH - - 701 1A/g 95.4@5000 [22]

BiVO, SILAR 1MKCL -- - 707 3mV/s 102@3500 [23]

Ni,Bi,CoVO4 Hydrothermal | - - - 426.11 | 10mV/s 83.64@5000 | [24]

BiVOs Hydrothermal | 6MKOH -- - 537 30A/g 75@1500 [25]

Cu2S-Ag2S SILAR - - - 772 10mV/s 89@2000 [26]
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BiVO4/rGO Hydrothermal | 2MNaOH 10.7 | 40 400 5A/g 84@1000 [29]
5

BiVOs, MoS: Solvothermal | 2MNaOH -- - 108 3A/g 80@200 [30]
BiVOs: Ag Room -- 15.2 | 050 | 109 1A/g 85.4@5000 [31]

temperature Ow/k

precipitation g
BiFelxCrxO3 sol—gel 2MKOH - - 421 10mV/s 78@2000 [33]
BiVO, Hydrothermal | 2MKOH -- - 1203 |2 A/g 2000 [34]
BiVO, Sol -gel 1MNa So, 435 | 1.69 | 494.1 |5mV/s 88.67 (35]
g-C3N4/ BiVOs Hydrothermal | 3.5MKOH 61 16.2 | 2171 2A/g 130@20000 | [36]
Bi:O3 NT- | Wet-spinning | PVA/H3PO4 | -- - 69.3m | 0.ImAcm | 1000 [37]
graphene Fem? | 2
BVO-V:20s electrodeposit | -- 40 0.24 | 288 0.12 mA/ | 99.7@4000 [38]

ion mF/c | cm2

m2

CuBi20s4 Electrochemic | 6MKOH -- -- 647 1A/g 80@500 [39]

al deposition
T-NT/ Bi2Os electrodeposit | 1 M NaOH | -- -- 430 5 75@500 [40]

ion mF mA/cm?

cm-2

Sub-micron co- 3M KOH 306 |198 |153 0.3A/g 98@5000 [41]
BiVOs4 precipitation 3

&

sonochemical

V205/grap Hydrothermal | 1 M - -- 288 1A/g 82@5000 [42]
hene Na2S0O4
V205/graphene | Sol- gel| 1 M 68 - 486 05A/g 90@20000 [43]
hybrid aerogels | method Na2
SO4

V205nano sheets | Hydrothermal | 1 M Na2SO4 | 107 | 9.4 451 05A/g 90@4000 [44]
3D V205/PPy Hydrothermal | 1 M Na2SO4 | 21 21.5 | 502 0.25 A/g | 74@10000 (45]
V205+ MPC Liquid phase | 5 M LINO3 | -- - 257 05A/g 80@5000 [46]

route
BiVO, simple 1 M Na2S04 | -- -- 1160.0 | 5 mV/s - [47]

sol-gel auto- 5

combustion

method
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Conclusion:

Chemical processes, like as the hydrothermal process, can be used to create materials for bi-based
supercapacitor electrodes. Bismuth-based nanostructured electrode materials have successfully been envisioned
for electrochemical supercapacitor applications due to their topologies, morphologies, surface areas, pore sizes,
and electrochemical properties. Bismuth vanadate is regarded as one of the best n-type semiconducting
materials due to its strong absorption capabilities, high reduction potential, and generation of the band gap
energy in the range of 2.4 to 2.5 eV, among other qualities [11]. We methodically outlined and emphasized the
most recent information regarding Bi-based materials used in energy storage applications in this research. Bi-
based materials can be combined with other metal oxide materials, that perform several redox processes, or
have their conductivities increased.

Bismuth-based materials and their nanocomposites may resist a substantial number of charge-
discharge cycles, according to a literature analysis that indicated a remarkable specific capacitance value. It is
interesting that the majority of the research studies that are now available exclusively report on the alkaline
electrolyte with different molarity KOH, NaxSos and other electrolyte is used. To increase the operating
potential window, more investigation into other electrolytes is necessary. Additionally, there is a dearth of
information regarding how temperature variation affects the system, a vital factor for real-world applications.
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ABSTRACT

The complex permittivity spectra of acetate have been measured in the frequency range from 10MHz to 30GHz
using the Time Domain Reflectometry Technique at 250 C and fitted to the Debye Model. Acetate is an ester of
carboxylic acid. To impart favorable thermoplastic behavior, esters are used in the polymer processing industry as
plasticizers. Dielectric relaxation parameters such as static dielectric constant and relaxation time are determined
using the least squares fit method.

Keywords: Complex Permittivity Spectra, Time Domain Reflectometer, static dielectric constant, relaxation time.

I. INTRODUCTION

Dielectric relaxation spectroscopy (DRS) is a highly sensitive and practical technique for studying various
phenomena in binary liquid mixtures. The main advantage of DRS, as compared to other similar techniques for
studying molecular dynamics, is the broad frequency range, which can be relatively easily covered [1-2]. R.M.
Shirke et.al. Studied the temperature dependent dielectric relaxation study of acetate-Alcohol mixtures using
the time domain technique in the frequency range of 10 MHz to 20 GHz to understand the intermolecular
interaction in the mixture. S.S. Birajdar et.al. Investigated the structural and molecular dynamics of methyl
acetate-xylene solutions using dielectric relaxation spectroscopy [3-4].

Acetate is an ester of a carboxylic acid in which a -O-alkyl (alkoxy) group substitutes for at least one -OH
(hydroxyl) group. Because of their inoffensive nature, esters are significant organic liquids that are least
associative, low poisonous, and reasonably priced. They are categorized based on the molecular shape and

quantity of carbon atoms [5-6].

In the present study, we report the dielectric behaviour of esters using the Time Domain Reflectometry (TDR)
technique at 250 C temperature over the frequency range from 10MHz to 30GHz. To determine the dielectric

parameters such as complex dielectric permittivity spectra, dielectric constant, and relaxation time.
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The source and purity of Methyl Acetate (MA), Ethyl Acetate (EA), Isopropyl Acetate (IPA), n-butyl
Acetate(n-BA), and Isoamyl Acetate (IAA) are tabulated in Table 1.

Table 1. Source and purity of pure ester components

Chemicals Supplier Purity in mass Fraction
Methyl Acetate Loba Cheme. Pvt. Ltd. 99.5%
Ethyl Acetate Merk life science Pvt. Ltd. 99.5%
Iso Propyl Acetate Loba Cheme. Pvt. Ltd. 99.5%
n- Butyl Acetate Thermo-fisher Scientific India Pvt. Ltd. 99.0%
Amyl Acetate Qualigens Fine Chemicals, Mumbai 99.0%

The experimental setup and block diagram of the TDR technique is shown in fig.1. The Tektronix DSA8300

sampling main frame oscilloscope sampling with the dual channel sampling module 80E10B has been used for

time domain reflectometry. 12 ps incident and 15 ps reflected rising time pulses are provided by the sampling

module. At a time, window of 5 ns, the reflected pulses without sample R1(t) and with sample R2(t) were
collected and digitally digitised in 2000 points. The addition [q(t) = R1(t) + R2(t)] and subtraction [q(t) = R1(t) -

R2(t)] of these pulses are done in oscilloscope memory. These subtracted and added pulses are transferred to PC

for further analysis. The Fourier transformation of the pulse and data analysis were done earlier to determine

complex permittivity spectra £*(®) using non-linear lesquares fit method [7-8].

Tekiromix
Digital serial Analyzer — —
Sampling Oscilloscope
DEARIO0 Computer
—

Coaxial Cable

[TIRSampling
Maodule
SOEI0B

Fig. 1: Block Diagram of Time Domain Reflectometry (TDR).
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I1. RESULT AND DISCUSSION

Frequency dependent complex permittivity spectra of esters like primary and secondary acetate such as Methyl
Acetate (MA), Ethyl Acetate (EA), Isopropyl Acetate (IPA), n-butyl Acetate(n-BA) and Isoamyl Acetate (IAA)
at 25° C shown in fig.2. It is observed that as the number of carbon atom increase, the values of dielectric
permittivity (¢') drop and the peak of the dielectric loss (¢") shifts to the lower frequency side. As the frequency
increases and the length of the molecular chain increases, the value of €' lowers as well. Dielectric permittivity
is impacted by a decrease in total polarization brought on by an increase in frequency [9-11].

Experimentally obtained CPS is fitted using non-linear least squares fit method to Harvrilik-Negami equation,
£ — €

[1+ (wr)t~9]P

where & is static dielectric constant, €= is permittivity at high frequency, o is angular frequency, 7 is relaxation

e(w) =g, +

time, j is imaginary number and «, {3 are distribution parameter. Debye (=0 & B=1) is used for present system

to fit the raw data [12].

~ ™
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Fig 2. Complex permittivity Spectra of MA, EA, IPA, n-BA and IAA at 25° C using TDR

Compound € T
1. Methyl Acetate 7.46(1) 3.40(1)
2. Ethyl acetate 6.93(1) 4.12(1)
3. Isopropyl 6.28(1) 4.97(1)
Acetate
4, n-Butyl Acetate 5.16(1) 7.96(1)
5. Isoamyl Acetate 4.85(1) 9.25(1)

Table 2. Dielectric Relaxation Parameter of Esters
The number in the bracket indicates errors obtained by the least squares fit method e.g., 7.46(1) means 7.46+
0.01.
The dielectric constant of liquids is dependent on a number of variables, including temperature, the number of
carbon atoms in the molecule, the intermolecular interactions present, the dipole moment and the angle at
which dipoles correlate with one another. The molecular interaction reduces as chain length rises, as shown by

the drop in & as the chain length and number of carbon atoms increase from MA to IAA as shown in Table 2.
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The length of the relaxation period is determined by the molecules' functional group, size, and viscosity. The
observation shows that in primary acetate, relaxation time increases. This could be because acetate's longer

chains impede molecules' ability to rotate, causing the molecules to relax more slowly [13].

ITII. CONCLUSION

Frequency dependent complex permittivity spectra of Acetate were studied by using the Time Domain
Reflectometry Technique in the frequency range 10MHz to 30GHz at 25° C. The number of carbon atoms
increases, with the dielectric constant decreasing whereas relaxation time increases due to the polymeric

structure in the Acetate.
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ABSTRACT

The Time Domain Reflecometry (TDR) method has been used to study dielectric relaxation in a binary solution of
acetonitrile (ACN) and 1,4-dioxane(DX) in the frequency range of 10 MHz to 30 GHz. The complex permittivity
spectrum of the acetonitrile-1,4-dioxane mixture reveals Debye-type relaxation processes. The dielectric
relaxation time (t) in picoseconds and the static dielectric constant (¢0) have been calculated using the least
squares fit method. The interaction between ACN-1,4DX systems has been studied using the Bruggeman factor.
Keywords: complex permittivity spectra, Least squares fit method, Time domain reflectometry, relaxation time,
static dielectric constant.

1. INTRODUCTION

The different spectroscopic techniques are used to study the structural information of liquid molecules [1-4].Short-
range molecular organisation that changes quickly over time is a characteristic of liquids. Dielectric spectroscopy
has been employed to observe this arrangement and its thermal changes. The Broadband dielectric spectroscopy is
a powerful technique for the electrical characterizations, charge distributions as naturally present in liquid and to
understand intermolecular interaction between the binary mixtures of liquids. The intermolecular interaction of
microscopic heterogeneous structure gives the information about relaxation process. In pharmaceutical and
analytical sciences, the dielectric constant of mixed solvents is required to predict the solubility and chemical
stability of the drug. TDR techniques are used to determine the various dielectric relaxation parameters such as
dielectric permittivity, dielectric loss, static dielectric constant, and dielectric relaxation time. Understanding the
non-hydrogen-bonded aprotic solute in a non-polar solvent is the primary goal of the study since it sheds light on
how the systems' molecular multimer configurations disintegrate. Acetonitrile (CH3CN) is the simplest organic
nitrile. It is mostly produced as a by-product of acrylonitrile. Acetonitrile is used as a polar aprotic solvent in
organic synthesis and purification of butadiene. It is widely used in battery applications due to its relatively high
dielectric constant. The various literature surveys show the dielectric properties of acetonitrile with the polar and
non-polar solvent [5-10].1,4-Dioxane(C4Hs0O>) is a heterocyclic organic compound, classified as an ether. It is a
colorless liquid with a faint sweet odor similar to that of diethyl ether. There are number of research article in
literature dealing with the dielectric study of dioxane as a solvent [11-15]. In present work, the complex dielectric
spectra (CPS) were measured, and the least squares fit technique was used to get the static dielectric constant (go)
and relaxation time (t). The Bruggeman factor has been also computed in order to study intermolecular interactions
between ACN-DX molecules.
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2. METHODS AND MATERIAL

S.D. Fine Chem. Ltd. supplied ACN and 1,4 DX in 99% purity. Ltd. The solutions were produced at various volume
fractions of ACN in 1,4DX. To obtain the Complex permittivity spectra, the TDR technique was utilized [16, 17].
The experimental setup and block diagram of TDR technique is shown in Fig. 1(a,b). It shows the experimental
setup and block diagram for the TDR method. Time domain reflectometry has been studied using the Tektronix
DSA8300 sampling main frame oscilloscope sampling with the dual channel sampling module 80E10B. The
sampling module outputs an incident time pulse of 12 ps and a reflected rising time pulse of 15 ps. The coaxial wire
that feeds the pulse has an outer diameter of 1.19 mm, an inner diameter of 0.28 mm, and an impedance of 50 ohms.
Following reflection from the end of the line, changes in pulse are monitored by sampling oscilloscopes. The
reflected pulse was digitized into 2000 points and recorded within a 5 ns time window, both with and without
sample R1(t) and Rx(t). Oscilloscope memory is used to add [q (t) = R1 (t) + Rx (t)] and subtract [p (t) = R1 (t) - Rx
(t)] these pulses. The pulses that have been added and deleted are moved to a PC for further study. In order to find
the complex permittivity spectra €*(w) using the nonlinear least square fit method, the Fourier transforms of the
pulse and data analysis were completed earlier.

[

Experimental Setup of Time Domain Reflectometry (TDR)

I Tektronix
Digital serial Analyzer —
Sampling Oscilloscope TS
DSAS300 Computer
I
—)
DR \:mphl Ry
Module g Sample
SOE10B 2SS Holder
kx(t)

Fig. 1 (a) Experimental setup and (b) block diagram of TDR.

3. RESULTS AND DISCUSSION

3.1Complex permittivity spectra
The experimental CPS has been fitted to a Debye-relaxation model, which describes the dielectric relaxation
parameters; using the nonlinear Least squares fit (LSF) method [18].

E0—Ex0
e () = Eo i Guniap @
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where, g, g, T, o and J as fitting parameters. The relaxation models for Debye (a.= 0, p = 1), Cole-Cole (= 1),
and Davidson-Cole (a = 0) are shows in equation (1).The complex permittivity spectra (CSP) for the ACN-1,4,DX
mixture in the 10MHz-30GHz frequency range are displayed in Fig. 2. The systematic
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Fig. 2 Complex permittivity spectra for ACN-1, 4DX binary mixture at 25°C

variations in dielectric permittivity (¢’) and dielectric loss (¢”) are displayed in this spectrum. Dielectric permittivity
decreases with frequency at all concentrations of DX. From pure ACN to pure 1,4DX, the dielectric permittivity
value changes linearly. When the DX in ACN solutions increases, the loss peak in the dielectric loss spectrum
moves towards the lower frequency range.

3.2 Static dielectric constant and relaxation time:

Static dielectric constant values are depends on various factors such as temperature, the number of carbon atoms,
the dipole moment, and intermolecular force [19]. The values of dielectric parameters static dielectric constant (€o)
and relaxation time (t) in picoseconds are obtained from equation (1) . The molecular size and functional group
determine the relaxation time. The current study's calculated relaxation times at 25°C for DX and ACN are 3.95 and
4.33 ps, respectively. The non-linear relaxation behavior of the ACN-DX system is depicted in Tablel. The
maximum value is observed at 0.9 volume fraction of Dioxane which indicates that at these concentration molecular
increases due stronger bonding in molecule’s. This nonlinear change in relaxation time and dielectric constant

indicates that intermolecular interaction is occurring in the system.
Table 1. Static dielectric constant (g0 )and relaxation time (t) of ACN-1,4DX mixture at 25°C

Vol. frac. €0 (7)
0.0 36.62(2) 4.33(1)
0.1 32.82(2) 4.66(1)
0.2 29.17(2) 4.86(1)
0.3 25.46(2) 5.33(2)
0.4 22.05(2) 5.65(1)
0.5 18.63(1) 5.91(1)
0.6 14.77(2) 6.25(1)
0.7 11.24(1) 6.97(1)
0.8 8.32(1) 7.68(1)
0.9 5.21(1) 8.05(1)
1.0 2.21(1) 3.95(1)

3.3 Bruggeman Factor
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The static dielectric constant of binary mixes can be determined using the Bruggeman factor, which can be
computed as follows: [20]

fe = (M) (m)lﬂ =1-"Vpy (2

EACN—EDX &m
where, fz, €m, € px,€acy denotes Bruggeman factor, static dielectric constants of the mixture,1,4 DX and ACN
respectively. Vpy is the volume fraction of 1,4-DX, respectively. Bruggeman's equation indicates a linear
relationship (green line) between fB and Vpx, however an experimental value (black point) deviates from this
expectation, as seen in Figure 3. However, the following equation [21] describes the non-linear behavior of different
kinds of molecules.

Em—€Dx N /3
fe = (W) (5) =1-[a—(a—1)VpxlVpx A3
where ‘a’ is a parameter that can be arbitrary and is always equal to 1 for the ideal mixture which indicates that
there is no solute-solvent interaction. The green line in Figure 3 depicts the mixes' ideal behavior as determined by
Equation (2), but the black point on the experimental values indicates the non-linear nature of the data. This shows a
deviation from the mixture's ideal behavior and indicates the molecular interaction in ACN-1.4DX mixes.
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Fig.3 Bruggeman Factor for ACN-DX at 25°C
4. Conclusion

The Frequency dependent complex permittivity spectra for ACN-1,4DX mixture have been obtained in the
frequency region 10 MHz -30 GHz. The nonlinear change in relaxation time and dielectric constant indicates that
intermolecular interaction is occurring in the system. A modification of the Bruggeman Equation was used to
provide a more accurate description of the dielectric behaviour of theACN-1,4DX mixture.

Acknowledgment

We acknowledge the financial support given by the School of Physical Sciences at S. R. T. M. U. Nanded,
Maharashtra and DST, New Delhi (Project Number DST PROJECT SB/S2/LOP-032/2013) for the use of the
instrumental facility

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 266-270

REFERENCES

[1]Bakker, H. J., and J. L. Skinner. "Vibrational spectroscopy as a probe of structure and dynamics in liquid water." Chemical reviews 110.3 (2010): 1498-1517.
https://doi.org/10.1021/cr9001879

[2] Czarnecki, Mirostaw Antoni, et al. "Advances in molecular structure and interaction studies using near-infrared spectroscopy.” Chemical reviews 115.18
(2015): 9707-9744. https://doi.org/10.1021/cr500013u

[3] Neilson, G. W., and J. E. Enderby. "Aqueous solutions and neutron scattering." The Journal of Physical Chemistry 100.4 (1996): 1317-1322.
https://doi.org/10.1021/jp951490y

4] Otting, Cottfried, Edvards Liepinsh, and Kurt Waithrich. "Protein hydration in aqueous solution." Science 254.5034 (1991): 974-980.
https://doi.org/10.1126/science.1948083

[5] Sastry, S. Sreehari, et al. "Dielectric relaxation studies of acetonitrile/propylene glycol and their binary mixtures." Indian Journal of Pure & Applied Physics
(IJPAP) 55.6 (2017): 403-412. http://op.niscpr.res.in/index.php/IJPAP/article/view/15357

[6] Orhan, Mehmet. "Dielectric and transport properties of acetonitrile at varying temperatures: a molecular dynamics study." Bulletin of the Korean Chemical
Society (2014). https://doi.org/10.5012/bkcs.2014.35.5.1469

[7] Helambe, S. N., M. P. Lokhande, A. C. Kumbharkhane, S. C. Mehrotra, and S. Doraiswamy. "Dielectric study of aqueous solution of acetonitrile.” Pramana
44 (1995): 405-410. https://doi.org/10.1007/BF02848492

[8] Choudhary, Shobhna, and R. J. Sengwa. "Characterization of dielectric dispersion and ionic conduction behaviour of acetonitrile at low frequencies." (2012).
[9] Thakur, Nagesh, and D. R. Sharma. "Dielectric relaxation of acetonitrile in benzene solution from microwave absorption studies." (2003).
http://nopr.niscpr.res.in/handle/123456789/14184

[10] Shere, I. G., V. P. Pawar, and S. C. Mehrotra. "Temperature dependent dielectric relaxation study of acetonitrile with chlorobenzene at microwave
frequency using time domain reflectometry." Journal of molecular liquids 133.1-3 (2007): 116-119. https://doi.org/10.1016/j.mollig.2006.07.002

[11] Ahn-Ercan, Gudrun, Hartmut Krienke, and Georg Schmeer. “Structural and dielectric properties of 1, 4-dioxane—water mixtures." Journal of molecular
liquids 129.1-2 (2006): 75-79. https://doi.org/10.1016/j.mollig.2006.08.004

[12] Garad, Nitin P., and Ashok C. Kumbharkhane. "Structural and dielectric relaxation studies of 1, 4, and 1, 3-butanediol-1, 4-dioxane mixtures using TDR
technique." Ferroelectrics 616.1 (2023): 70-79. https://doi.org/10.1080/00150193.2023.2269162

[13] Gubre, A. G., and A. C. Kumbharkhane. "Dielectric relaxation and hydrogen bonding studies of chlorobutane-dioxane mixtures using a time domain
technique." Journal of the Indian Chemical Society 100.6 (2023): 101016. https://doi.org/10.1016/j.jics.2023.101016

[14]Sudo, Seiichi, et al. "Dielectric properties of ethyleneglycol— 1, 4-dioxane mixtures using TDR method." The Journal of Physical Chemistry A 111.16
(2007): 2993-2998. https://doi.org/10.1021/jp068222s

[15] Kumar, S., P. Periyasamy, and P. Jeevanandham. "Dielectric relaxation studies of binary liquid mixtures of a few glycols with 1, 4-dioxane." Int J
ChemTech Res 3.1 (2011): 369-375.11

[16] Deshmukh, A. R., et al. "Dielectric relaxation and hydrogen bonding interaction of solvents using time domain reflectometry technique from 10 MHz to 50
GHz." (2018). http://nopr.niscpr.res.in/handle/123456789/44193

[17] Saknure, S. H., et al. "Dielectric Relaxation Studies of Cellulose-Water Mixtures Using Time and Frequency Domain Technique." Indian Journal of Pure
& Applied Physics (IJPAP) 61.1 (2023): 27-32. http://nopr.niscpr.res.in/handle/123456789/44193

[18] Havriliak, S., and S. Negami. "A complex plane analysis of a-dispersions in some polymer systems." Journal of Polymer Science Part C: Polymer
Symposia. Vol. 14. No. 1. New York: Wiley Subscription Services, Inc., A Wiley Company, 1966. https://doi.org/10.1002/polc.5070140111

[19]Kaatze, Udo. "Microwave dielectric properties of liquids." Radiation Physics and Chemistry 45.4 (1995): 549-566. https://doi.org/10.1016/0969-
806X(94)00070-Z

[20] Bruggeman, D.A.G., Ann. Phys. (Leipzig).24,636(1935).

[21] Puranik, S.M, Kumbharkhane, A.C & Mehrotra, S.C: J. Mol. Lig., 59,173(1994). https://doi.org/10.1016/0167-7322

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9 @


https://doi.org/10.1002/polc.5070140111

ICRTMS-2024

International e-Conference on Recent Trends in Material Science

In Association with International Journal of Scientific Research in Science and Technology
Volume 11 | Issue 9 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

A Comprehensive Assessment of Sensor-Based Healthcare
Monitoring and IoT-Enabled Smart Ventilator Systems: A Dual

Review
K. Y. Rokde*, S. S. Shende?
I"Assistant Professor, Department of Electronics, Dr. Ambedkar College, Nagpur, India
2Assistant Professor, Department of Electronics, Sharadchandra Pawar College, Lonand, India

ABSTRACT

This paper provides a comprehensive Assessment of sensor-Based Healthcare Monitoring and IOT-Enabled
smart ventilator System addressing the current paramount health concerns. Despite various available
solutions, leveraging sensors for health monitoring offers real-time precautionary parameters. The integration
of healthcare wireless sensor networks (HWSNs) facilitates continuous patient monitoring, allowing
immediate detection and alerts concerning their medical state. This continuous access to patient sensors
significantly enhances patient health monitoring. The paper introduces a simplified approach to healthcare
monitoring using MATLAB software, enabling prompt disease diagnosis and precautionary measures for
patients, especially in critical conditions, with minimal effort.

Furthermore, the paper delves into the realm of Internet of Things (IoT)-based smart health monitoring
systems. This patient monitoring system operates 24/7, revolutionizing technological infrastructures. IoT, as a
transformative force, enables seamless interaction between various modules, paving the way for complex
systems like smart home appliances, traffic control, office systems, environment monitoring, vehicles, and
temperature control. Health monitoring systems stand out as notable applications of IoT, showcasing diverse
designs and patterns. The review explores the latest innovative technologies in IoT-based smart health
monitoring systems, discussing their merits and demerits.

Keywords - Sensors, Healthcare, HWSNs, MATLAB, Intelligent smart health monitoring, internet of things,

temperature sensor, pulse sensor, humidity sensor
I. INTRODUCTION

1.1 HEALTHCARE WIRELESS SENSOR NETWORK (HWSNS)

This paper delves into the specialized domain of sensor networks applied to healthcare solutions, an
intersection characterized by the integration of electronics devices, computers, and the internet. The system
efficiently collects and wirelessly transmits data globally, finding applications in diverse fields such as forests,
traffic monitoring, and environmental surveillance. However, its most crucial application lies in the realm of
medical science, profoundly impacting human life. Traditionally, hospital staff engages in periodic monitoring
tasks, receiving parameter information at specific intervals. The introduction of Healthcare Wireless Sensor
Networks (HWSNs) transforms this approach, enabling continuous information access without frequent
physical visits to patients. Sensors embedded in HWSNs play a pivotal role, transmitting collected data to

Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
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remote locations through the internet. The use of sensor nodes within hospital environments presents unique
challenges, particularly in maintaining patient mobility to enhance their quality of life. HWSNs must support
mobility of sensor nodes to align with patient movements. Network coverage becomes a critical concern with
sensor node mobility, necessitating the expansion of multiple access ports and support for route variations to
ensure connectivity with each sensor node.

A crucial aspect is handover mechanisms, facilitating seamless transition and power optimization during
network attachment changes. The paper emphasizes recent advancements in handover mechanisms,
specifically addressing sensor nodes' intra-mobility to maintain continuous connections in HWSNs. The
principles governing HWSNs focus on real-time monitoring, accommodating random and continuous motion
of sensor nodes, and ensuring desirable long battery life [1].

1.2 IoT SYSTEM

The Internet of Things (IoT) has evolved into a ubiquitous technological standard, permeating various aspects
of daily life and becoming a focal point of extensive research. Sensors, integral to this technological landscape,
find applications ranging from everyday products to industrial monitoring systems. The integration of IoT and
sensor-based healthcare systems is burgeoning, revolutionizing health monitoring with increased efficiency
and accessibility. Utilizing smart phones as data computing platforms, prototype models offer user-friendly
voice recognition and alert functionalities, enhancing the overall user experience.

This paper explores the pivotal role of IoT-based systems in monitoring life-threatening diseases, with a focus
on Cardiovascular Disease (CVD), a leading cause of global mortality. The convergence of information
technology and smart phones has propelled the popularity of Smartphone-based health monitoring systems.
These systems enable real-time health data collection and feedback, empowering individuals to proactively
manage their health and seek immediate treatment during emergencies, potentially saving lives and reducing
overall healthcare costs. The seamless integration of mobile internet with health service systems, leveraging
Android open-source design, has become easily achievable in today's era of widespread mobile internet access.
In the context of recent advancements, Electrocardiography (ECG) has emerged as an accessible service for
monitoring heart functionality. Smart devices facilitate continuous observation of heart rate, providing crucial
data for doctors and patients to take preventive measures against severe damages. Emphasizing the significance
of heart rate and body temperature, crucial indicators of a patient's health, this paper sheds light on their role
in determining overall health conditions [2].

1.3 WIRELESS BODY AREA NETWORK

Wireless Body Area Network (WBAN) stands as a specialized category within biomedical sensor networks,
where the biomedical sensor nodes are strategically placed on, near, or within the human body. Primarily
utilized in medical healthcare systems, WBAN plays a pivotal role in continuously monitoring the health of
elderly or ill individuals, delivering timely insights wherever required. The biomedical nodes embedded in
WBAN are designed to sense and process vital signs, including heart rate, blood pressure, body temperature,
and respiratory metrics, originating from the human body.

Subsequently, the collected data is transmitted to a medical center through a base station, establishing a
seamless connection for healthcare professionals to monitor human health. In the medical center, doctors and
caregivers rely on monitoring systems/interfaces to process, analyze, and visualize the data received from
WBAN-based systems. This integrated approach ensures efficient and real-time healthcare monitoring,
contributing to the well-being of individuals in need.
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Figure 1: Block diagram of Functional System
These systems leverage wireless technologies to transmit vital signs, facilitating medical evaluation and
primarily serving as a means of conveying diverse monitoring information about patients within hospital
settings. Wireless sensor networks encompass a range of technologies, including Infrared, Bluetooth, ZigBee,
and Touch screen. Notably, the choice of technology is influenced by specific considerations [3].
Infrared, despite its limitations in physiological signal transmission due to angle constraints, is one of the
technologies considered. Bluetooth, offering higher transmission rates than ZigBee, competes in this domain.
However, ZigBee stands out for
its markedly lower power consumption, making it the preferred choice for continuous 24-hour monitoring in
communication transmission systems. In comparison to Bluetooth, ZigBee offers enhanced network flexibility,
a greater number of nodes connectivity, and an extended transmission range, all while maintaining low power
consumption.
The scalability of ZigBee-enabled systems is emphasized, enabling the incorporation of a large number of
nodes, thereby facilitating system expansion. Recent experiments with ZigBee-based wireless networks have
demonstrated their efficacy in diverse applications, showcasing their potential for widespread implementation
in healthcare monitoring systems.
It is also referred to as the pulse rate of the body. The normal pulse rate of a healthy adult is 60 to 100 beats per
minute. The average human pulse rate is 70 beats per minute for males and 75 beats per minute are for females.
Females aged 12 and older has faster heart rates than males. The rate changes with illness, due to damage to
body, heart, and exercise. Hence heart rate is essential in determining one’s health condition. Diabetes is a
very common disease throughout the world. According to the World Health Organization (WHO), there are
about 422 million people in the world suffering from diabetes and the amount is increasing day by day. Smart
health monitoring devices determine the health condition i.e. rate of the pulse, body temperature, respiratory
rate, blood glucose rate, the position of the body, ECG, EEG, and other things by using sensors. The sensors are
connected and controlled through various microcontroller-based systems such as Arduino, raspberry pi, etc [4].

II. METHODOLOGY

This research aims to simulate an intra-mobility solution with a specific focus on Healthcare Wireless Sensor
Networks (HWSNs). In hospital settings, patients often experience prolonged waiting times to meet with
doctors, posing challenges, especially in critical conditions where immediate attention is vital. The primary
goal of this study is to streamline the process by delivering diagnostic information and instant precautions to
patients through software, eliminating the need for additional effort or intermediaries.
The study addresses the critical issue of patients facing challenges in accessing timely medical attention,
especially in emergency situations. Through the implementation of software solutions, patients can
communicate their symptoms and receive instant disease diagnosis along with precautionary measures. This
approach not only facilitates efficient communication but also provides a prompt and direct means for patients
to seek solutions to their health concerns. The research emphasizes leveraging technology to bridge the gap
between patients and healthcare, ensuring timely interventions and improved healthcare outcomes [5].
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This paper introduces an automated system designed for comprehensive patient monitoring, encompassing
body temperature, heart rate, body movements, and blood pressure. The system is extended to predict
potential chronic disorders or diseases by analyzing various health parameters and symptoms obtained through
the system. Unlike conventional ventilators that primarily control oxygen levels, our proposed system
monitors additional vital signs such as oxygen levels, heartbeats, temperature, and humidity. The collected
data is transmitted to the cloud, enabling remote patient monitoring by healthcare professionals.

The system employs a variety of sensors to measure diverse patient parameters, including ECG, temperature,
heart rate, and pulse. Biometric information gathered by these sensors is relayed to a Raspberry Pi, acting as an
intermediary before transferring the data to a central server. The collected data is stored in a secure database
and can be accessed through a dedicated website, restricted to authorized personnel only. Authorization is
granted to doctors, resident medical officers (RMOs), patients, or their family members. The system also
facilitates retrospective analysis, allowing doctors to review the patient's previous medical history stored in the
system's memory. This integrated approach enhances patient monitoring, diagnosis, and overall healthcare
management [6].

IT1. SYSTEM CONFIGURATION
This study utilizes MATLAB as the simulation model for implementing an intra-mobility solution within
Healthcare Wireless Sensor Networks (HWSNs). MATLAB is chosen for its high-performance computation
and
visualization capabilities, offering an intuitive and user-friendly interface. The ease of learning and utilization
is a significant advantage of MATLAB, making it a suitable tool for this purpose.
The proposed model enables users to transmit their health symptoms, including temperature, blood pressure,
ECG, and heart rate, via sensors. Using these input parameters, the system generates predictions and provides
insights into the user's health condition. The user-friendly interface allows individuals to conveniently share
their symptoms and obtain accurate predictions, contributing to an efficient and accessible healthcare
monitoring system. The integration of MATLAB into the simulation model enhances the performance,
usability, and predictive capabilities of the proposed intra-mobility solution within HWSNs [7].
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Figure 2: System Architecture diagram
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3.1 System overview

This automatic health monitoring system comprises a Raspberry Pi controller and an array of sensors including

pulse sensor, temperature sensor, motion sensor, humidity sensor, and Oximeter sensor. The system

architecture, detailed in Figure 2, elucidates the interconnection between these components. Notably, this

project proves invaluable as it allows doctors to monitor patient health parameters remotely through a website

or URL. With the advent of IoT applications, health tracking becomes even more accessible, enabling

healthcare oversight via Android applications by doctors or family members [8].

The system employs a diverse range of sensors for monitoring various vital signs such as heart rate, body

temperature, ECG, respiration, non-invasive blood pressure, and oxygen saturation. Wireless health

monitoring eliminates geographical barriers, facilitating access to specialist care. The primary objective of this

project is to design and implement a smart patient health tracking system, with Figure 1 providing an

overview of the proposed system. Sensors embedded on the patient's body capture temperature and heartbeat

data, contributing to a comprehensive health monitoring solution [9].

These systems have four main parts,

1. Sensing Module: It provides ability to collect certain parameters.

2. Processing Module: It includes the microcontroller which detects the capacity of Sensor node to run
Program and process data.

3. Communication Module: It sends the data wirelessly to a network typically compliant with IEEE802.15.

4. Power Supply: It is an important part, work as energy source for keeping node alive [10].

IV. CONCLUSION

This paper introduces a wireless health monitoring system designed to receive real-time patient data, enabling
immediate actions based on the obtained results. The proposed system offers an effective solution for
enhancing existing health systems through the integration of various sensors into a single platform. Leveraging
Healthcare Wireless Sensor Networks (HWSNs), this system enables a detailed and comprehensive analysis
of a patient's disease, optimizing time efficiency in healthcare diagnostics [11].

The system communicates textual information directly to the patient, providing accessibility and convenience
for patients to review their health data anywhere and take necessary actions. This approach fosters increased
interaction between patients and doctors, mitigating unforeseen health crises. The incorporation of this
technology for patient monitoring serves as a crucial aspect for healthcare precaution, ultimately contributing
to the improvement of healthcare services. The implementation of such a wireless health monitoring system
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has the potential to revolutionize healthcare delivery, emphasizing proactive and timely interventions for
patient well-being. [12].

This paper presents a comprehensive exploration of the construction of a functional, low-cost, and open-
source mechanical ventilator. The authors' primary objective is to address the critical shortage of ventilators
worldwide, particularly impacting deprived areas. The paper introduces a numerical method capable of real-
time monitoring to assess the pulmonary condition of patients, providing a valuable tool for both theory and
practice in the context of mechanical ventilators.

The numerical method outlined in the paper serves as a means to distinguish between healthy and unhealthy
pulmonary conditions, offering broader applications beyond the specific ventilator design presented. The
contribution of this paper is twofold, addressing both the theoretical aspects and the practical implementation
of a cost-effective mechanical ventilator. Additionally, the potential incorporation of alarms into the project is
discussed, allowing for timely alerts to clinicians through either an alarm screen or speakers when pressure
thresholds are reached. This multi-faceted approach significantly enhances the versatility and impact of the
proposed ventilator system [13].

V. APPLICATION OF WSN IN HEALTHCARE

Healthcare is always a big concern, since it involves the quality of life a given individual can have. It is
always better to prevent an illness than to treat it, so individual monitoring is required as a periodic activity.
The aging population of developed countries present a growing slice of government’s budget, and presents new
challenges to healthcare systems, namely with elderly people living on independent senior housing.
Traditionally, health monitoring is performed on a periodic check basis, where the patient must remember its
symptoms; the doctor performs some check and formulates a diagnostic, then monitors patient progress along
the treatment, if possible.
However, some symptoms only manifest themselves in daily activities, where an individual may feel some pain
or discomfort. Healthcare applications of wireless sensor networks allow in-home assistance, smart nursing
homes, clinical trial and research augmentation [14].
In-home healthcare becomes mandatory for diseases like Parkinson or Alzheimer, providing memory
enhancement through medicine reminders, mental stimulation through sounds or images of object’s location
control over home appliances, medical data lookup, and emergency situations. Such approach may lead to a
multi-tiered architecture, with lightweight mobile computers and smart sensors in conjunction with more
powerful computational devices [15].

5.1 Healthcare Application

1. Glucose level monitoring

2. Asthma.

3. Preventing medical accidents.

4. Cardiovascular diseases

5. Alzheimer, depression, and elderly people monitoring.
6. Stroke and post-stroke.

7. Artificial retina.

8. Home monitoring

9. Heart rate monitoring

10. Artificial retina.

11. Mobihealth

12. Multi-electrophysiological system [16].
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ABSTRACT

The sensing mechanism of polymer and metal oxide based material depends upon its chemical, physical
characteristics and amount of mixing of PPy and CuO, which are strongly keen in to the preparation
conditions, dopant and grain size. A Polypyrrole (PPy) has been a subject of many studies because it exhibits
relatively high electrical conductivity, good environmental stability and versatility of synthesis. Pyrrole(Py)
the monomer of PPy has been polymerized via chemically oxidative polymerization in the presence of an
oxidant (Fecls). CuO has been Prepared by sol-gel method. PPy and CuO powder of different weight % ratio
were prepared by screen printing technique on a glass substrate. This praises that the development of the
sensor thick film is a important step for the preparation of good mixed metal oxide semiconductor gas sensor.
Sensing properties of thick film studied by at different concentration of carbon dioxide gas and also study
surface morphology of sample by using SEM and X-ray diffraction (XRD). It has also been studied the
Sensitivity, Resistivity and Conductivity, Dynamic response of sensors against sensing gas. The Sensitivity of
sensors at different concentration of CO2 gas was measured by a voltage drop method at room temperature
300K and different temperature.

Keywords :-Polypyrrole, CuO nanocomposite, Chemical polymerization, Screen-printing

technique, Gas Sensor, CO2, XRD, SEM

1. INTRODUCTION

Now, a days There is great interest in using sensing devices to improve the environmental and safety control,
monitoring of CO:2 gas because of a green house gas contributing to global warning. It has been observed that
CuO is a promising material for various types of gas sensing including CO2. Much work has been reported on
CO:2 gas sensing using CuO and along with dopant material also.

There potential application includes sensors for chemicals and biomolecule [1-3]. Field —effect transistor [4],
light emitting diode [5] and capacitor [6].Manny conducting polymer have shown changes in resistivity on
expose to different gases and humidity. Polypyrrole (PPy) composite films are highly sensitivity to gases but

they show a saturation effect at higher concentration of gases [7-9]. Komilla Suri et al [10] reported that iron

Copyright © 2023 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution,
and reproduction in any medium for non-commercial use provided the original author and source are credited.


http://www.ijsrst.com/

Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 278-286

oxide-polypyrrole nanocomposite sensors showed the maximum response to CO:2 gas as compared to N2 and
CHa4gases. Waghuley et al. [11] reported the increased sensitivity of a PPy composite sensor in the presence of
CO2 gas. A conducting polymer, Polypyrrole (PPy) can be prepared by various methods such as chemical,
electrochemical, and vapor phase route.
‘A sensor is a device that receives a signal or stimulus and responds with an electrical signal.” ‘A Sensor is a
device which converts the physical parameters like temperature, presence of gas , blood pressure, humidity,
speed, etc into a signal which can be measured electrically.” Based on different parameters sensors are
classified in several ways. The parameter to be measured, Conversion phenomenon, Contact-noncontact type,
Power requirement, Analog and Digital Sensors, Absolute and Relative Sensors are some ways used to classify
Sensors.
The chemical sensor is well defined by IUPAC in 1991. ‘A chemical sensor is a device that transforms
chemical information, ranging from the concentration of a specific sample component to total composition
analysis, into an analytically useful signal.’” Some examples of chemical sensors are Gas sensor, Humidity
sensor, Biochemical sensor etc. ‘The gas sensor is a device used to monitor the presence or concentration
of gas in the environment.” A gas sensor detects a specific gas and measures
In the present work, The CuO and PPy powder of different weight % ratio of were prepared by screen-
printing technique on a glass substrate. Sensors parameter such as response magnitude and dynamic response
were studied at room temperature and for different temperature for different concentration of CO2gas with an
aim to know the behavior of electrical and conductivity properties of CuO and PPy under CO:2 gas. The
characteristic was done through XRD, SEM to know about the material structure and thermal stability,
variation of resistance, morphology, which may related to its detection properties.
The main purpose of this work is to study new material for gas sensing elements starting from the knowledge
in thick film production using screen-printing technique.
2. Experimental Work
2.1 Material
The list of chemical and material along with the sources and grades used for the preparation of
sensors are given in the table 1.

Table 1. Chemical and materials with sources and grade

Chemicals Acronym Grade Source
Magnesium oxide MgO AR SD Fine India
Polypyrrole PPy AR SD Fine India
Ammonium APS AR SD Fine India
persulphate

Sodium hydroxide | NAOH AR SD Fine India
Alumina ADLOs GR LOBA Chemi,India
Methanol CHsOH AR SD Fine India
Acetone CH3COCHs AR SD Fine India
Ethyl Cellulose [CsH702(0OC2Hs)3]n AR SD Fine India
Butyl Carbitol CsHsO3 AR Merck,India
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2.2 Synthesis of CuO

CuO nano particles are synthesized by Sol-Gel method using copper (II) acetate [Cu(CH3COO)2-H20)] and
Ammonia (NHs). In short, 0.2 M copper (II) acetate solutions (100 ml) and Ammonia was added drop wise to
maintained pH in a round-bottom flask and under magnetic stirrer. The colour of the solution revolve from
blue to black instantaneously and a black suspension formed simultaneously. The reaction was carried out
under stirring and boiling for 3 hr. The mixture was cooled to room temperature CuO precipitate was obtained.
The precipitate was filtered and washed with distilled water for several times. The resulting product was dried

at 60°C for 2 hr to obtain the dry powder of CuO Nano Composite.

23 Synthesis of PPy

Polypyrrole (PPy) was synthesized by chemical oxidative polymerization technique using monomer pyrrole.
Analytical grade ammonium per sulphate APS, was used as oxidizing agent. The chemical polymerization was
carried out in a beaker by mixing 0.1 M aqueous solution of pyrrole and 0.1 Mol APS in 1:1 ratio by volume.
The polymerization was carried out for a period of three hours. After termination of polymerization process,
the precipitate obtained was filtered. The product was washed successively by methanol followed by distilled
water.

24 Synthesis and Sensor Preparation

In the present work, the work concentrates on thick film sensors of CuO-PPy. The experimental method for
the preparation of materials, fabrication of sensors, effect of dopant, screen —printing method and fabrication of
gas chamber and gas flow meter is discussed. The powder of MgO, PPy and Al:Os were calcinated at 820°C in
an automatically temperature controlled muffle furnace for 5 to 6 hrs. The powder of theses samples were
crushed in pestle before after the calcination to get the homogeneity in the powders. The series of the sample
were prepared. The different combination is shown in table 2.

Table 2: Sample codes and mole percent for series CuO and PPy

Sr.No. | Sample | Composition of CuO (mole %) Composition of PPy (mole %)
Code
1 B1 90 10
2 B3 70 30
3 B5 50 50
4 B7 30 70
5 B9 10 90
Table 3: Sample codes of Pure CuO and PPy
Sr.No. Sample Code | Pure
1 PC Pure CuO
2 PP Pure PPy

The paste of the sample was prepared by using screen-printing (Thick film technology) [12-13] technique.
The standard basic materials: ethyl cellulose (EC), Butyl Carbitol acetate (BCA) was used for the screen-
printing process [14-15]. The ethyl cellulose and Butyl Carbitol acetate were used as binders. The active
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powder and Ethyl cellulose were mixed thoroughly.During this mixing process, the BCA was added drop by
drop to obtain the proper viscosity of the paste. Paste for screen-printing was prepared by taking 60 wt. % CuO,
PPy powder with 40 wt.% binder in an agate mortal and thoroughly mixing it. The paste thus prepared was
screen printing onto a chemically cleaned glass substrate of size 75mm x25mm used. The substrate is an
important part of any thick film process. It must also be proper shaped. For normal electronic purpose, the
substrate structure should be rectangle. Then dried at room temperature for 24 h. The prepared film was heated
at 373-403 K for 3h. During this stage, the volatile organic solvent was removed via decomposition and the
prints adhered to the substrate. Therefore the ink solvent does not diffuse in samples. For surface resistance
measurements the electrodes of conducting silver paint were formed on adjacent sides of the film and then the
films were subjected to heating at 600°C for 50 min for drying the silver paint. The electrical resistance of the
film was measured by using a voltage drop method adapted by Yawale et al. [16].The measurements were
carried out in the laboratory of Department of physics of Vidyabharti Mahavidyalaya Amravati. The gas
chamber having dimensions 30cm x 30cm x 30cm with an attached COz2 gas flow meter (Flowtron make, India
having range 1-10ml/min) was used for keeping the sensors for testing. The gas flow was adjusted to 1ml/min.
The reading was carried out in a CO:2 gas environment at different ppm levels and various temperatures. The
experiment was carried out 4-5 times for reproducibility of the sensors. The thickness of the sensors films was

measured by Digital Micrometer having a resolution of 0.001mm.

3. Result and Discussion
3.1 Gas sensing properties of CuO:PPy composites-
The variation of sensitivity of sensors of pure and CuO:PPy composite materials with concentration of CO2 gas

at room temperature and different temperature as shown in following figurel.
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Fig. 1(a): Variation of Sensitivity of Pure CuO, PPy with CO2 gas concentration (ppm) at room temperature
(300K)
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Fig. 1(b): Variation of Sensitivity of CuO:PPy composites with CO: gas concentration (ppm) at room
temperature (300K)
The above Figure show that the variation of Sensitivity of CuO and PPy of composites sample B7 (30
Cuo:70PPy) are high Sensitivity of other composites.
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Fig. 1(c): Variation of Sensitivity of CuO:PPy composites at 470 ppm of CO: gas concentration
The above fig 1(c ) shows that Sample B7 of sensitivity 3.1 is high other than composites. The B7 sample is
optimize sample.
3.2 Dynamics response

The dynamics response of CuO and PPy composites for 100 ppm, 300 ppm,500 ppm are shown in the figure
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Fig.2: Dynamics response of composite sensors at 100 ppm,300 ppm and 500 ppm of CO: gas concentration at

room temperature (300K)

From above figure, It is show that B7 sensors, this sensor shows that the fast recovery as compared to other

composition sensors. Therefore B7sensors is the best sensors among the various reported sensors.

3.3 XRD analysis
88
16004 gg
1400
1200 4
_ 1000
2
< 80
: :
2 600 -
£ 2 E
40 T
2004
04
T T T T
0 | i & 8
20 (degree)

HIGHSny

700 - g
600 -
500 -
~lg

400 - § & =

1 =1 8
300 -
200 - E
100

0+
| I ' 1 ' |
0 20 40 60 80
20 (degree)

Fig 3(a):XRD of Pure CuO and PPy
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Fig 3(b):XRD of Composites CuO and PPy
From the X-ray diffraction spectra all samples show matching well with the monoclinic structure The B3
sample (70 CuO- 30 PPy) has smallest (63.47 nm) crystalline size.

3.4 Scanning Electron Microscopy (SEM) Analysis

Figure 4(a),(b) show that SEM Image of Pure CuO and PPy and Composite sample

1pm EHT=1000KV SgnalA=SE1 Date 6 Mar 2023 Fod EHT= 500KV SignalA= SE1 Date: 6 Mar 2023
— WD=938mm  Mag= 1BO0KX  Time 184206 — WD=10220m  Meg= 4S00KX  Tme 181137

Fig.4:SEM Pure CuO and PPy
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Fig4(b):SEM of Composites Sample

From the SEM pictures it is observed that sample B7: 30CuO-70PPy have more pores per inch

(calculated for x 2,000 magnification for each composition) than other sensors of Composites. Thus, these

sensors have more active surface areas and exhibit moresensing nature.
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ABSTRACT

Green technology, driven by the urgent need for sustainable development, has witnessed remarkable
advancements in recent years. This research article provides an overview of key innovations and developments in
green technology across various sectors contributing to sustainable development. It explores advancements in
renewable energy, waste management, green materials, pollution control, and sustainable agriculture. The article
discusses the potential of green technology to address environmental challenges while promoting economic
growth and social well-being. By highlighting recent breakthroughs and ongoing research efforts, this article aims
to inspire further exploration and adoption of green technologies for a more sustainable future.

Keywords: Green technology, Sustainable development, Renewable energy, Waste management, Green materials.

I. INTRODUCTION

The global pursuit of sustainable development has become increasingly urgent in the face of mounting
environmental challenges, including climate change, biodiversity loss, and pollution. Central to this pursuit is
the advancement and adoption of green technology, which offers innovative solutions to mitigate
environmental degradation while promoting economic prosperity and social equity. In recent years, significant
strides have been made in various sectors, driven by technological innovation, policy support, and societal
demand for more sustainable practices.

Green technology encompasses a wide array of technologies, processes, and materials designed to minimize
environmental impact throughout their lifecycle. From renewable energy sources to waste management
systems, green technology spans diverse fields and industries, offering promising avenues for sustainable
development. This research article aims to provide a comprehensive overview of recent advances in green
technology and their contributions towards achieving sustainable development goals.

Renewable energy stands at the forefront of the green technology revolution, offering a clean and
sustainable alternative to fossil fuels. The rapid advancement of solar photovoltaic, wind, hydroelectric, and
biomass technologies has transformed the energy landscape, driving down costs and increasing efficiency.
These renewable energy sources not only reduce greenhouse gas emissions but also enhance energy security

and foster local economic development.
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In parallel, innovations in waste management technologies have revolutionized how societies handle and
dispose of waste. From traditional landfilling to sophisticated waste-to-energy processes, advancements in
recycling, composting, and anaerobic digestion have turned waste streams into valuable resources. Circular
economy principles, which emphasize resource recovery and material reuse, have gained traction, offering a
holistic approach to waste management and resource conservation.

Green materials play a crucial role in reducing the environmental footprint of various industries,
including construction, manufacturing, and consumer goods. The development of biodegradable polymers,
recycled aggregates, and eco-friendly packaging materials reflects a growing commitment to sustainability and
circularity. Nanotechnology-based materials offer novel properties and functionalities, paving the way for
greener and more efficient products and processes.

Pollution control technologies have also undergone significant innovation, addressing air, water, and

soil pollution through advanced filtration, treatment, and remediation techniques. From electrochemical water
purification to phytoremediation of contaminated sites, these technologies offer scalable and cost-effective
solutions to environmental pollution. Green infrastructure interventions, such as green roofs and urban forests,
contribute to climate resilience and ecosystem services, enhancing the quality of life in urban environments.
In agriculture, sustainable practices are revolutionizing food production systems, prioritizing soil health,
biodiversity, and resource efficiency. Precision agriculture technologies enable data-driven decision-making,
optimizing inputs and minimizing environmental impacts. Agroecological approaches promote biodiversity
conservation and ecosystem resilience, while vertical farming and urban agriculture address food security and
resource constraints in densely populated areas.

Despite these advancements, challenges remain in scaling up and mainstreaming green technologies

across sectors and regions. Regulatory barriers, economic constraints, and technological limitations may hinder
the widespread adoption of green solutions. Moreover, equity considerations, including access to technology
and capacity building, are essential for ensuring inclusive and sustainable development.
Advancements in Renewable Energy: Renewable energy, encompassing solar, wind, hydroelectric, biomass,
and geothermal sources, has experienced significant advancements in recent years. These innovations have
propelled renewable energy technologies into the mainstream, transforming the global energy landscape. Key
advancements include:

1. Solar Photovoltaic (PV) Technology: Advances in solar PV technology have led to increased efficiency
and reduced manufacturing costs. Innovations such as PERC (Passivated Emitter Rear Cell) and bifacial
solar panels have improved energy conversion rates and performance under varying light conditions.
Additionally, research in next-generation materials like perovskite solar cells shows promise for further
enhancing efficiency and lowering costs.

2. Wind Turbine Design and Offshore Wind Farms: The development of larger and more efficient wind
turbines has driven down the cost of wind energy production. Offshore wind farms, harnessing
stronger and more consistent winds, have emerged as a significant contributor to renewable energy
generation. Floating offshore wind turbines represent a cutting-edge technology with the potential to
unlock vast wind resources in deep waters.

3. Energy Storage Solutions: Advancements in energy storage technologies, particularly batteries, are
essential for integrating intermittent renewable energy sources into the grid. Lithium-ion batteries,

with improvements in energy density and cycle life, are widely used for grid-scale and residential
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energy storage applications. Emerging technologies such as flow batteries, solid-state batteries, and
hydrogen storage offer further opportunities for enhancing grid flexibility and reliability.

4. Grid Integration and Smart Grid Technologies: The integration of renewable energy into existing grids
requires advanced grid management and control systems. Smart grid technologies enable real-time
monitoring, optimization, and demand response, facilitating the efficient integration of renewable
energy resources. Grid-scale energy management solutions, including virtual power plants and energy
trading platforms, enhance grid stability and resilience.

5. Emerging Renewable Energy Sources: Beyond solar and wind, emerging renewable energy sources such
as marine energy, including tidal and wave power, hold potential for sustainable electricity generation.
Bioenergy technologies, including advanced biofuels and biomass co-firing, offer renewable alternatives
to conventional fossil fuels in transportation and industrial sectors. Geothermal energy, tapping into the
Earth's heat reservoirs, provides a reliable and baseload renewable energy source.

Innovations in Waste Management: Effective waste management is essential for minimizing environmental
pollution and conserving resources. Recent developments in waste-to-energy technologies, such as anaerobic
digestion and thermal conversion processes, have enabled the generation of renewable energy from organic
waste streams. Additionally, advancements in recycling technologies and circular economy models have
facilitated the recovery of valuable materials from waste streams, reducing the need for raw material extraction
and landfill disposal.

Progress in Green Materials: The development of sustainable and environmentally friendly materials is crucial
for reducing the environmental footprint of various industries. Recent advancements in green materials include
the use of biodegradable polymers, recycled aggregates, and eco-friendly construction materials.
Nanotechnology-based coatings and composites offer new possibilities for enhancing the durability and
performance of materials while minimizing environmental impact.

Innovative Pollution Control Technologies: Pollution control technologies play a vital role in mitigating air,
water, and soil pollution. Recent innovations in pollution control include the development of advanced air
filtration systems, electrochemical water treatment technologies, and phytoremediation techniques. Green
infrastructure solutions, such as green roofs and permeable pavements, help mitigate urban heat island effects
and reduce stormwater runoff, thereby enhancing environmental quality.

Advancements in Sustainable Agriculture: Agriculture is undergoing a transformation towards more
sustainable and environmentally friendly practices. Recent advances in precision agriculture, agroecology, and
vertical farming have improved resource efficiency and productivity while minimizing environmental impacts.
Sustainable farming practices, such as organic farming, integrated pest management, and conservation

agriculture, promote soil health, biodiversity, and ecosystem resilience.

Conclusion:

The recent advancements in green technology hold immense promise for addressing global sustainability
challenges. From renewable energy and waste management to green materials and pollution control,
innovative technologies are driving the transition towards a more sustainable future. However, widespread
adoption and implementation of green technologies require concerted efforts from governments, industries,
academia, and civil society. By fostering collaboration, investment, and policy support, we can accelerate the

transition towards a greener and more sustainable world.
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ABSTRACT

Synthesis of various potentially active heterocyclic compounds is done with the help of catalyst. Catalyst helps to
convert reactant to product but not consumed. Heterocyclic compounds with N, O and S has heteroatoms are
mostly potentially active heterocyclic compounds. Due to applications synthesis of this potentially active
heterocyclic compounds is done on industrial scale. Synthesis is done with routine methods that is use of various
reagent, use of various heating methods, and use of multistep synthesis. All this methods result in production of
nature pollution which affects human begin. We can reduce this pollutions by using various catalyst which helps
to speedup reaction not consuming in reaction. This used catalyst is again used for another batch of heterocyclic
compounds synthesis. Now a day’s Nano catalyst as heterocyclic catalyst plays important role. Nano catalyst
having particle size is between 1 to 100 nm so there is increase in surface so it gives good results. 1, 4-
Dihydropyridine, 4-H Pyran, Quinolines so many heterocyclic compounds are synthesized using various Nano
catalyst.
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ABSTRACT

I this paper, 1 would like to discuss about Nanotechnology and its developments. There are so many applications
of nanotechnology some of them are discussed in this paper like information technology medicine, transportation,
energy, food safety, and environmental science.

I. INTRODUCTION

Nanotechnology is the science and engineering of functional systems at the molecular scale. This covers both
current work and concepts that are more advanced. It is defined as the breach of science and engineering
devoted to designing producing and using structures devices and systems by manipulating atoms and molecules
at nanocale[1] i.e. having one or more dimensions of the order of 100 nanometres. The concepts that seeded
nanotechnology were first discussed in 1959 by physicist Richard Feynman. The emergence of nanotechnology
as a field in the 1980s occurred through convergence of Drexler's theoretical and public work, which developed
and popularized a conceptual framework for nanotechnology, and high-visibility experimental advances that
drew additional wide-scale attention to the prospects of atomic control of matter.

In its original sense, nanotechnology refers to the projected ability to construct items from the bottom up,
using techniques and tools being developed today to make complete, high-performance products.
One nanometer (nm) is one billionth part of the 1 meter. Inm = 10°m. For example our DNA double-helix
has a diameter around 2 nm. Typical carbon—carbon bond lengths, or the spacing between these atoms in
amolecule, are in the range0.12-0.15 nm. Development of applications incorporating
semiconductor nanoparticles to be used in the next generation of products, such as display technology, lighting,
solar cells and biological imaging. Nanomaterials can be classified in 0D, 1D, 2D and 3D nanomaterials. The
dimensionality =~ play a major role in determining the characteristic of mnanomaterials
including physical, chemical and biological characteristics. With the decrease in dimensionality, an increase in
surface-to-volume ratio is observed. This indicate that smaller dimensional nanomaterials have higher surface
area compared to 3D nanomaterials. Recently, two dimensional (2D) nanomaterials are extensively investigated

for electronic, biomedical, drug delivery and biosensor applications.
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II. TECHNIQUES OF NANOTECHNOLOGY

There are two early versions of techniques lauched by nanotechnology namely the atomic force
microscope (AFM) and the Scanning Tunneling Microscope (STM) [3] are two early versions of scanning
probes that launched nanotechnology. The tip of a scanning probe can also be used to manipulate
nanostructures (a process called positional assembly).[2] There are various techniques of nanolithography such
as optical lithography, X-ray lithography, dip pen nanolithography, electron beam lithography or nanoimprint
lithography were also developed[3].

It also include those used for fabrication of nanotubes and nanowires, those used in semiconductor fabrication
such as deep ultraviolet lithography, electron beam lithography, focused ion beam machining, nanoimprint
lithography, atomic layer deposition, and molecular vapor deposition, and further including molecular self-
assembly techniques such as those employing di-block copolymers. The sole purpose of creating

nanotechnology and which were results of nanotechnology research [4].

III.APPLICATIONS OF NANOTECHNOLOGY

Nanotechnology is helping to considerably improve many technology and industry sectors such as information
technology, homeland security, medicine, transportation, energy, food safety, and environmental science.
Using nanotechnology, materials can effectively be made stronger, lighter, more durable, more reactive, more
sieve-like, or better electrical conductors, among many other traits. Many everyday commercial products are
currently on the market and in daily use that rely on nanoscale materials and processes. Nanoscale additives to
or surface treatments of fabrics can provide lightweight ballistic energy deflection in personal body armor, or
can help them resist wrinkling, staining, and bacterial growth. Nanoscale materials are beginning to enable
washable, durable “smart fabrics” equipped with flexible nanoscale sensors and electronics with capabilities for
health monitoring, solar energy capture, and energy harvesting through movement.

Lightweighting of cars, trucks, airplanes, boats, and space craft could lead to significant fuel savings. Nanoscale
additives in polymer composite materials are being used in baseball bats, tennis rackets, bicycles, motorcycle
helmets, automobile parts, luggage, and power tool housings, making them lightweight, stiff, durable[5]

It has greatly contributed to major advances in computing and electronics, leading to faster, smaller, and more
portable systems that can manage and store larger and larger amounts of information. Transistors, the basic
switches that enable all modern computing, have gotten smaller and smaller through nanotechnology. Other
computing and electronic products include Flash memory chips for smart phones and thumb drives; ultra-
responsive hearing aids; antimicrobial/antibacterial coatings on keyboards and cell phone casings.

The most important application of nanotechnology in medicine, draws on the natural scale of biological
phenomena to produce precise solutions for disease prevention, diagnosis, and treatment. Gold nanoparticles as
probes for the detection of targeted sequences of nucleic acids, and gold nanoparticles are also being clinically
investigated as potential treatments for cancer and other diseases.[6]

Better imaging and diagnostic tools enabled by nanotechnology are paving the way for earlier diagnosis, more
individualized treatment options, and better therapeutic success rates.

The use of nanotechnology-enabled gas lift valves in offshore operations or the use of nanoparticles to detect

microscopic down-well oil pipeline fractures. It is improving the efficiency of fuel production from raw
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petroleum materials through better catalysis. It is also enabling reduced fuel consumption in vehicles and

power plants through higher-efficiency combustion and decreased friction.

Researchers are investigating carbon nanotube “scrubbers” and membranes to separate carbon dioxide from

power plant exhaust. Scienstists are developing wires containing carbon nanotubes that will have much lower

resistance than the high-tension wires currently used in the electric grid, thus reducing transmission power

loss.[6]

Nanotechnology also has a prominent role in the fast developing field of Tissue Engineering. When designing

scaffolds, researchers attempt to mimic the nanoscale features of a cell's microenvironment to direct its

differentiation down a suitable lineage [7]
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ABSTRACT

Many chemical foods, pharmacological and other industries need to know dielectric properties and physical
properties of non-ideal mixtures which could be involved in process design. The study of properties like static
dielectric constant, density, refractive index are essential to understand the intermolecular interactions and
inherent properties of liquids and may directly be used in various industrial requirements viz. pharmaceuticals,
polymer industry, agriculture etc. To confirm the nature of interactions within the liquid mixture excess properties
were used. The intermolecular interaction in ternary mixtures of 2-Ethoxy Ethanol (2-EE) + Ethyl Methyl Ketone
(EMK) with (10%) of Dimethyl Sulfoxide (DMSO) have been investigated at 11 different concentrations at room
temperature using Pulse Width Measurement Technique. The Static Dielectric constant, density and refractive
index of ternary mixture were measured. The concentration-dependent values of excess static dielectric constant
and excess molar volume were determined using the measured values of the Static dielectric constant and Density.
A distinct antiparallel arrangement of dipoles is obtained for a studied ternary system according to the Kirkwood
correlation factor (geff), calculated from the static dielectric constant. The Fourier transform infrared (FTIR)
spectra of the ternary system under study have been characterized for studying the intermolecular interaction. The
results of FTIR are in good agreement with the obtained excess parameters of the systems.

Keywords: Static Dielectric Constant, Pulse Width Measurement Technique, Kirkwood Correlation Factor, FTIR,
Excess Parameters.

I. INTRODUCTION

Dielectric study of polar liquid mixtures provides valuable information regarding the complex formation in the
solution. The composition of liquid mixtures is an important parameter for chemical and pharmaceutical
applications [1, 2], biochemical engineering [3], optical applications [4, 5] etc. In liquid mixtures, the
interactions occur between the like molecules and unlike molecules. Alkoxyethanols (2-Ethoxyethanol) have
wide range of applications. These are used as industrial solvents, surfactants, detergents and wetting agents. The
ketones (Ethyl Methyl Ketone) are among the most important organic compounds because they are central
importance to organic chemistry and biochemistry. Dimethyl sulfoxide (DMSO) is aprotic solvent. A sulfoxide

is a chemical compound containing S=O functional group attached to two carbon atoms. In liquid mixtures
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using dielectric study it is possible to predict interactions between the constituents such as molecular
association’s viz. hydrogen bonding, dipole—dipole and dipole-induced dipole interactions [6-14].

A literature survey shows that a few researchers have tried to investigate some binary systems taking ethyl
methyl ketone [15-16] and dimethyl sulfoxide [17-18] as one of the constituent components in the binary
mixtures. Dielectric study of H-bonded interactions in amyl alcohols with ketones and dimethyl sulfoxide at
temperature 298.15 K by Gilani et al. [19]. The FTIR spectroscopy is used to characterise the polar liquids and
for the reorganisation of the functional groups. FTIR spectroscopy gives the absorption spectra of compounds
that are a unique reflection of their molecular structure. It also used to confirm the presence of intermolecular
interaction between the unlike molecules in the solution.

In the present work, the dielectric parameter i.e. static dielectric constant (eo) of the system 2-EE + EMK +
DMSO ternary mixture have been carried out using Pulse Width measurement technique. The physical
parameters like density (p), refractive index (np) of these ternary systems were obtained. Using these
parameters, excess parameters such as excess static dielectric constant (eof), excess molar volume (Vwf) and
Effective Kirkwood correlation factor (g*f) have been determined related to molecular interactions. Also, The
FTIR spectra of the same ternary system have been recorded for 11 different concentrations at room

temperature using Fourier Transform Infrared Spectroscopy (FTIR).

II. METHODS AND MATERIAL

AR grade chemicals 2-Ethoxyethanol, Ethyl Methyl Ketone and Dimethyl Sulfoxide were obtained
commercially and used without further purification. The solutions were prepared for ternary mixture 2-EE+
EMK as one component and DMSO as a second component were prepared at 11 different volume percentages
over the entire concentration range for their dielectric and FTIR measurements. The detailed explanation of
the apparatus and procedures is the same as described elsewhere [20-22]. The conformational analysis of the
formation of hydrogen bonding interaction in ternary system was studied using FT-IR spectra in the 500-

4000cm ! region with a Bruker spectrometer.

IIL.LRESULTS AND DISCUSSION

The Static dielectric constant, densities, refractive index and effective Kirkwood correlation factor (gf) of
ternary liquid mixture containing namely (2-EE + EMK + DMSO) respectively at room temperature over entire
composition range are presented in Table 1. For ternary system it can be seen that variation of Static dielectric
constant, densities and refractive index with composition of the mixture is non-linear which indicates the

presence of molecular interactions.

TABLEI

I. The variation of Static Dielectric Constant (eo), Density (p), Refractive Index (np) and Effective Kirkwood
Correlation Factor (gef) at room temperature of (2-EE + EMK + 10%DMSO) ternary mixture

Volume Static Dielectric Constant | Density | Refractive =~ Index | Effective Kirkwood
fraction (g0) (p) (np) Correlation Factor (gef)

of 2-EE

0.00 20.11 0.8352 | 1.389 0.1318
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0.09 22.08 0.8586 | 1.392 0.1521
0.18 22.26 0.8682 | 1.395 0.1607
0.27 21.64 0.8746 | 1.398 0.1639
0.36 20.88 0.8862 | 1.400 0.1665
0.45 20.76 0.8944 | 1.403 0.1750
0.54 20.93 0.9094 | 1.406 0.1874
0.63 19.60 0.9206 | 1.409 0.1863
0.72 19.25 0.9212 | 1.411 0.1961
0.81 18.64 0.9340 | 1.414 0.2042
0.90 18.49 0.9399 | 1.416 0.2200
A. Excess Static dielectric constant (goE):

Excess Static dielectric constant (eoF) is a dielectric parameter, which gives information about the interaction
between the components of mixture (13). They had pointed out that the change in value of (e.f) with
concentration is due to the interaction between dissimilar molecules which may produce structural changes.
Binary and ternary mixtures can also be investigated by observing the shapes of the excess mixing property.
The excess static dielectric constant of the binary mixture were calculated using the following equation [23],

€0F = (€0)mix — [ (€0)aXa + (c0)8X35 ] (1)

Where X is Volume Fraction and subscript mix, A and B represents mixture, pure liquids 1 and 2 respectively.

The excess static dielectric of the ternary mixture were calculated using the following equation [24],
€0F = (€0)mix —[(€0)aXa + (€0)BX5 + (€0)cXc] (2)
Where X is Volume Fraction and subscript mix, A, B and C represents mixture, pure liquids 1, 2 and 3

respectively.

The information extracted from the (eof) values for the liquid mixtures [25-27] are as follows:

1) €of =0 indicates that the mixture constituents do not interact at all.
ii) gof< 0 indicates that mixture constituents interact so as to reduce the total number of effective dipoles.
iii) eof> 0 indicates that the constituents of the mixture interact in such a way that the effective number of

dipoles increases.
The &of values for volume fraction 0.1 (10%) of DMSO in (2-EE + EMK) were changes from negative to positive
as shown in fig 1(a). The negative values of €of indicates the total effective number of dipoles gets reduced in
ternary mixture. The positive values of &f indicates the total effective number of dipoles gets increased in
ternary mixture. The positive deviation with increasing volume fraction of DMSO in 2-EE + EMK indicates, the

complex formation after the intermolecular interaction, with total number of dipoles gets increased.
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Figure 1(a): Variation of excess static dielectric constant (gf) with change in concentration of 2-EE in
(EMK+10%DMSO)

B. Excess molar volume (VmE):

Excess molar volume can be expressed as a function of volume fraction of the component 1 and 2 in the case of
binary and ternary systems. It has been expressed that the sign and magnitude of excess function give a good
estimate of the strength of the unlike interaction in a liquid mixture.

The excess molar volume of the binary mixture were calculated using the following equation,

Vif = Vimi— (ViX1 + V2Xo) 3)

Where, VnF represents excess molar volume. V1, V2, and Vmixrepresent molar volume of pure liquids 1, 2 and
mixture respectively. The Xi and X2 represents the volume fraction of component 1 and 2 of the mixtures.

The excess molar volume of the ternary mixture were calculated using the following equation,

Vil = Vii— (V1X1 + VaXo + V3X3) (4)

Where, Vnf represents excess molar volume. V1, V2, Vzand Vmixrepresent molar volume of pure liquids 1, 2, 3
and mixture respectively. The Xi, X2 and Xs represents the volume fraction of component 1, 2 and 3 of the
mixtures.

The excess molar volume function can be expressed as follows:

1) VnP= 0: indicates the liquid A and B do not interact at all.
2) VmP< 0: suggesting the contraction of volume and the presence of specific interactions.
3) Vmf> 0: exhibiting the expansion of volume and the dispersion forces become increasingly predominant

over the specific interactions which explain a non-ideal behaviour of the solvent system.

Patil et al. (28) observed that Vmf may be discussed in terms of several effects which may be arbitrarily divided
into physical, chemical and geometrical contributions. The Physical interaction involved mainly dispersion
forces giving a positive contribution. The chemical or specific interactions result in a volume contraction and
these include charge-transfer type forces, forming or breaking of H-bonds and other complex forming
interactions such as donor-acceptor, dipole-dipole and dipole-induced dipole.

The excess molar volume (VmF) values for volume fraction 0.1 (10%) of DMSO in (2-EE + EMK) were found to
be negative as shown in fig 1(b). The negative values of excess molar volume (VnF) indicates the molecules are

come closer to each other, it gives the confirmation about contraction of volume in the liquid system.
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Figure 1(b): Variation of excess molar volume (Vx%) with change in concentration of 2-EE in (EMK+10%DMSO)

C. Effective Kirkwood correlation factor (geff):

The Kirkwood correlation factor g is a parameter for obtaining information regarding the orientation of electric
dipoles in polar liquids. The Kirkwood correlation factor g is a measure for preferential local ordering of
molecular dipole moments and thus a hint at the formation of self-aggregates. For perfectly random dipole
orientation, there is g = 1(29).

The g for pure liquid can be obtained by the expression (29)

4-’lTNl12p _ (80—€c0)(2€9+€w0) (5)
9KTM €0(E00+2)?

Where p is the dipole moment in gas phase, p is density at temperature T, M is molecular weight, K is
Boltzman constant and N is Avogadro’s number.

The effective angular correlation (g*f) between molecules is calculated using modified form of equation (6). gef
has been used to study the orientation of electric dipoles in binary mixtures.

The Kirkwood equation for the binary mixture may be expressed as (29);

4mN <IliPA uipp XB) geff (€0 — €oomn) (2€01 + €coy)

Xp+
9KT \ M, " Mg €0, (Eoopy, + 2)2

(6)
Where (gef) is the effective Kirkwood correlation factor for a binary mixture, and Xa, Xs are volume fraction of
liquids A and B.

The modified equation of effective Kirkwood correlation factor (ge) for ternary mixture is as follow (24),

4mN_ (pZpa UEPB uépc ) eff _  (om—Eeom)(280m+Ecom)
9KT ( Ma Xat Mg Xp + Mc Xc)8™ = €0 (Ecopy +2)2 )

(i) If gef =1 is a measure of the extent of intermolecular interaction.
(ii) If g**>1 the molecules with parallel dipole moments
or orientation.

(iii) If gef<1for anti-parallel dipole orientation (24)

To confirm the effect intermolecular interactions on the orientation of the dipoles, the values of the effective

Kirkwood correlation factor g*f were evaluated over the entire concentration range of the mixtures.
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The geff values increases with increase in volume fraction of 2-EE in (EMK- 10% DMSO) mixture. The values of
g are diverged from unity which indicates the formation of structures and approves the change in dipolar
orientation due to hydrogen bonding interaction. The g*ff values greater than unity indicates parallel alignment
of the dipoles.

D. FTIR Studies

The variation of FTIR spectral data at room temperature of ternary mixture (2-EE + EMK + 10% DMSO) is
reported in table II. The recorded FTIR spectra with change in concentration of 2-EE in EMK with 0.1 volume
fraction (10%) of DMSO at room temperature are shown in fig 2(a) -2(c). From recorded spectra, When 0.1
volume fraction (10%) of DMSO is mixed with 2-EE and EMK mixture, the shift of O-H bond stretching
frequency from 3408 cm™ to 3414 cm’!, C=O stretching frequency from 1713 cm to 1712 cm™ and S=O
stretching frequency from 1061 cm™ to 1064 cm! respectively.

FTIR studies predict that the frequency shifts are observed for the ternary mixture, indicating existence of
intermolecular interaction. Due to the presence of carbonyl group and sulfonic group, the oxygen atom of
EMK and DMSO molecules becomes more electronegative than oxygen atom of 2-EE molecule. Therefore, the
hydrogen bonding occurs between the hydrogen atom of hydroxyl (O-H) group of 2-EE molecule and the
oxygen atom of carbonyl (C=0O) group of EMK or Sulfonic (S=O) group of DMSO molecules.

Table II
II. The variation of FTIR spectral data at room temperature of (2-EE + EMK + 10% DMSO) Ternary mixture
Volume fraction of 2-EE O-H C=0 S=0
0.00 - 1713 1061
0.09 3408 1713 1059
0.18 3413 1713 1059
0.27 3415 1713 1060
0.36 3413 1713 1061
0.45 3418 1712 1062
0.54 3415 1712 1063
0.63 3415 1712 1063
0.72 3416 1712 1063
0.81 3415 1712 1063
0.90 3414 1712 1064
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Figure 2(a): FTIR spectra for O-H of 2-EE + EMK + 10% DMSO ternary mixture
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Figure 2(c): FTIR spectra for S=O of 2-EE + EMK + 10% DMSO ternary mixture

IV.CONCLUSION

As from the above results it can be concluded that

° The parameter static dielectric constant (g0), density (p) and refractive index (np) shows the systematic
change with the concentration.

. The excess static dielectric constant (eof) values are changes from negative to positive for all
concentrations of ternary mixture which attributes the hydrogen bonding intermolecular interaction.

. The excess molar volume (Vm®) values are negative for all concentrations at room temperature which
point out the contraction of volume and the occurrence of the strong complex formation in the ternary
system.

o The geff values for ternary system are deviated from unity indicates the formation of structures which
approves the change in dipolar orientation due to hydrogen bonding.

o FTIR spectroscopy study supports to the dielectric characterization and confirms the intermolecular
association in (2-EE+ EMK) with 10% of DMSO.
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ABSTRACT

CdS thin film was deposited onto glass substrates by chemical bath deposition method at 700C for 60 minutes of
deposition time. Thickness of the deposited film was measured 5.35 pm. Prepared films were characterized for
optical, structural, and morphological studies. XRD analysis shows broad peaks indicating the crystalline structure
with cubic phase. From the UV visible Spectra Energy band gap is found to be 2.37 eV.

I. INTRODUCTION

CdS is II-VI group important semiconductor with the direct band gap of 2.42 eV. Wide energy band gap and
low absorption loss makes it suitable for variety of applications. It is widely used in gas sensors [1],
optoelectronic and solar devices [2, 3]. Particle size has great importance in the technological applications of
CdS thin films which depends on the preparation techniques. In recent years, efforts have been made to
synthesize thin films by different techniques such as dc- sputtering [4], chemical bath deposition Method [5],
pulsed chemical vapor deposition (CVD) [6], spray pyrolysis [7]. Each technique has some advantages over the
other and is used depending upon the applicability of devices. Deposition technique plays an important role in
the film parameters. In CBD technique reaction takes place at low temperature between the precursors
dissolved in aqueous solution [8]. In the present work chemical bath deposition (CBD) method has been
employed to synthesize thin films. Synthesized film was characterized by the UV visible, SEM, XRD and EDX

characterization.
II. MATERIAL AND METHODS

To prepare CdS thin film, the chemicals cadmium sulfate hydrate (3CdSO4.8H:0) and thiourea (NH2CSNH) of
AR grade were used as source of Cd*? and S ions, respectively. pH of solution was adjusted to 10 using aqueous
NHz. Initially 50 ml of 0.05 M of cadmium sulfate was taken in a beaker. Liquid ammonia was added to it drop
by drop till the pH was adjusted to 10. The precipitate disappeared on addition of liquid ammonia. 50 ml of 0.08
M thiourea was added to the prepared solution and stirred well. Commercial glass slide (75 mm x 25 mm x 1

mm) was vertically dipped in the solution. The solution was placed at constant temperature 70° C for 60
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minutes and stirred slowly using magnetic stirrer. After 60 minutes the slide was taken out from the bath and

rinsed with distilled water and dried in the air. The film appears compact, adhesive with yellowish color.
IILRESULTS AND DISCUSSION

3.1. Thickness of thin film:

m
Synthesized film thickness was calculated using weight and difference method by formula t = A where m is
Yo
the mass of deposited film in gm, p the density of the CdS (4.84 gm/cm3) and A the area of the deposited film

in cm?. Thickness of the film was observed 5.35 pm.

3.2.  Optical analysis of CdS thin film:

Optical analysis of deposited film was performed using UV visible spectra from 300 to 900 nm range. From the
spectra the band gap of deposited film was obtained by extrapolating the linear portion of the graph plotted for
the (ahv)? verses hv as shown in fig 1. The energy band gap was found to be 2.37 eV.

7.00E+011 —

6. 00E+011

S.00E «011

|
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2. 00E~011

2.00E+011 —

1.00E+011 —

0.00E <000 - -
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hv (ev)

Fig. 1 Plot of (chv)? Vs. hv of UV vis. spectra

3.3.  XRD analysis of CdS thin film:

X-ray diffraction pattern of thin film is shown in fig 2. XRD pattern of the synthesize sample is compared with
the standard ICDD data (card No. 96-101-1252) which belongs to the cubic crystal system. XRD pattern
exhibits prominent peaks at 20 values of 26.91°, 44.49° and 52.42° which are assigned to (111), (202) and (311)
reflections of cubic CdS structure. These are in good agreement with data reported in [8]. The XRD peaks are

broad indicating that fine size of sample grains. The observed and standard data is given in the table 1.
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Table 1 Observed and ICDD data for d spacing and 2 © values of some peaks.

Sr. No. | 20 (0) hkl | d spacing (&)
ICDD | Observed ICDD | Observed

1. 26.61 | 26.91 111 | 3.3544 | 3.3105

2. 44.14 | 44.49 202 | 2.0554 | 2.0518

3. 52.31 | 52.42 311 | 1.7518 | 1.7883

3.4.  Surface morphology of CdS thin film:
Fig. 3 shows the SEM image of the thin film. SEM image shows that sample is well covered with the spherical
particles. The average crystallites size was calculated 116 nm.

&)
Fig. 3 The plot of (ahv)* Vs. hv of UV vis. spectra

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9



Volume 11 - Issue 09 Published : 27 Feb 2024 Page No : 304-307

3.5. EDX analysis:
Fig. 4 shows the EDX spectrum of the CdS thin film. From the spectra formation of CdS film is confirmed and
the film is Cd rich. However, some additional peaks are observed in the spectra that arises from the film coating

and elements of commercial glass substrate.
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Fig. 4 EDX spectra of CdS thin film

IV.CONCLUSION

CdS thin film was synthesized with low cost CBD method. XRD data reveals that the particles have cubic
structure. From UV visible spectra the band gap is found 2.37 eV. SEM image shows the average particle size of
116 nm. EDX analysis confirm the presence of CdS nanoparticles. Parameters obtained from the synthesize
thin film indicates that the CdS nanoparticles are suitable for various optoelectronic and technological

applications.
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ABSTRACT

The polyvinyl alcohol (PVA) thin film added with different concentrations of nano Zink Oxide (ZnO) powder
with 20 & 25 weight% were prepared by solution cast technique investigated for Structural Properties. The
structural properties of polymer electrolyte films has been confirmed by XRD. The complex formation of salt with
the polymer was confirmed by Fourier transform infrared (FTIR) Spectroscopy.When PVA doped with ZnO, we
found that (C= O) and (-C-0-C) stretch the bond which shows that there is structural change that increases with
dopant salt concentration.

Keywords: PVA, XRD, FTIR, Polymer composite

I. INTRODUCTION

In recent years polymers have been a subject of considerable interest because of both Natural and synthetic
Polymers are remarkably involved in comfort and fascillation of human life. Solid Polymer electrolyte are
defined as solvent free salt solution in Polymer host material that conducts ions though the Polymer Chain.
Solid Polymer are formed of entagled linear macromolecules which interact with their neighbors by physical
and weak physicochemical forces ( Hydrogen bonds) and are more or less free to move. The mobability of
Polymer segments (chain Fragment of 10-20 atoms) very much depends on the physical state of the polymer.
Globally, there has been a tremendous interest in the preparationof polymer electrolytes with high ionic
conductivity, good mechanical strength and thermal stabilities. Solid polymer electrolytes (SPEs) have been
studied for application in many electrochemical devices such as rechargeable batteries, fuel cell, sensors, super
capacitors[1].

Solid polymer electrolytes (SPEs) fulfill the requirements and overcomethe limitations of conventional liquid
electrolytes by addressing drawbacks suchas electrolyte leakage, flammable organic solvent, and electrolytic
degradationof electrolytes. Nanocomposites are materials that have a solid structure in which the distance
between the phases is leastwise formed of a dimension with nanoscale size and general form of an
inorganic matrix set in organic phase, or vice versa, from an organic matrix set in the inorganic phase.
Nanocomposites can be formed by blending inorganic nanoclusters, fullerence, clays, metals, oxides or
semiconductors with numerous organic polymers or organic and organometallic compounds, biological

molecules, enzymes. A range of polymeric nanocomposites are used for biomedical applications such as tissue
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engineering, drug delivery, cellular therapies. Due to unique interactions between polymer and nanoparticles, a
range of property combinations can be engineered to imitating native structure and properties.[2-5]

In this work, We prepared Solid polymer electrolytes based on polyvinyl alcohol (PVA) complexed with Zink
oxide nano powder at different weight percent ratios and characterized by using XRD and FTIR spectroscopic
analysis. The structural properties of the polymer electrolyte films was confirmed by XRD. The complex

formation of the salt with the polymer was confirmed by Fourier transform infrared (FTIR) spectroscopy.

II. MATERIALS AND METHOD

Poly(vinyl alcohol) (PVA), with a degree of hydrolysis more than 99% and averagemolecular weight of 146000,
was procured from Aldrich, USA with dopant zink oxide( Zno)nano powder. PVA is a potential material
having high dielectric strength, goodcharge storage capacity and dopant dependentelectrical and optical
properties. It has carbonchain backbone with hydroxyl groups attached to methanecarbons/these OH groups
can be a source of hydrogen bonding and hence assistthe formation of polymer complexes [13]. Polyvinyl
alcohol which is a semicrystalline and biodegradable polymer has very important applications due to the role of
OH group and hydrogen bonds[14].

First of all, PVA was dissolved in Deionized water to which ZnO was added in different wt% along with
continue stirring (4 hours) to obtain homogeneous viscous solution. These homogenous viscous solutions were
casted in a glass Petri dish and left to dry for a week to remove any residual solvent. These polymer films were

cut into circular pieces for further characterization.

HLRESULTS AND DISCUSSION

1. X-ray Diffraction
The XRD pattern of PVA doped with ZnO nanoparticles typically shows characteristic diffraction peaks that
correspond to the 1 structure of ZnO nanoparticles. The most intense diffraction peak is usually observed

at 20 = 15.52 and wavelength 79.78 , which corresponds to the of Monoclinic structurein fig.1.1.

Fig. 1.1 X-ray Diffraction of pure PVA
From fig.1.2 The values of lattice parameter a=26.9702 b=11.4912 c=24.9646 and lattice parameter a=90.000
B=90.000 y=90.000 and Volume is 3737.028 having range 2Theta is 6.55 and wavelength is 35.90 from this

values we say that structure is orthorhombic.
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Fig. 1.3 X-ray Diffraction of PVA doped with Zno 25 wt%
From fig. 1.3 a=21.2420 b= 4.7550 c= 9.3660 and lattice parameter a=90.000 =93.132 y=90.000 and lattice
parameter Volume is 944. 606 and having range 20(Theta) is 20 to 80 and intensity 0 to 600. From these

values it is clear that structure of lattice parameter is Monoclinic.

2. FTIR Spectroscopy

Generally, the infrared spectroscopy includes the region of electromagnetic spectrum of approximately from
0.78 to 1000 um. The most useful segment of the infrared region of the spectrum is from 2 to 16 um. The
absorption bands, which occur in this region, are due to the fundamental molecular vibrations. Consequently,
they lend themselves for identification, qualitative analysis and band assignment. In fact, the matter absorbs
infrared radiations selectively with respect to the wavelength. The presence of broad absorption peaks in FTIR
spectra for all the samples is evident. The broadening of absorption peaks in each spectrum is attributed to
semicrystalline/partial amorphousness of complexes. The broadening of absorption peaks increases with
increase in increase in dopant concentration. Obviously such broadening of absorption peak(s) indicates

increased amorphous nature owing to doping.
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Fig.2.1 FTIR Spectra of pure PVA Fig. 2.2 FTIR Spectra of PVA : Zno 20wt%

PVA typically exhibitspeaks in the FTIR spectrum at around 3200- 4000 cm”- 1 (O-H stretching), 2900 cm”-1
(C-H stretching), 1400- 1450 cm”- 1 (C-H bending), and 1100- 1300 cm”- 1 (C-O stretching). The presence of
ZnO may cause shifts or changes in the intensity of these peaks, indicating chemical interactions between
PVA and ZnO. Appearance of new peaks or bands: ZnO has characteristic peaks in the FTIR spectrum at
around 430-460 cm”- 1 (Zn-O stretching) and 550-580 cm”- 1 (Zn-O bending). These peaks may become more
pronounced or shift in position when ZnO is added to PVA, indicating the formation of new chemical

bonds or interactions.
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Fig. 2.3 FTIR Spectra of PVA : Zno 25wt%

Form Fig. 2.3 FTIR spectra of PVA typically exhibit absorption bands associated with the O-H stretching
vibrations of the hydroxyl groups (around 3200-3500 cm- 1), the C-H stretching vibrations of the methylene
groups (around 2800-3000 cm- 1), and the C=O stretching vibrations of the carbonyl groups (around 1600- 1750

cm- 1). ZnO may contribute additional vibrational modesto the spectrum, such as Zn-O stretching vibrations
(around 400-500 cm-1).
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IV.CONCLUSION

In this study the polymer thin films of pure PVA and doped with ZnO are synthesized using Solution Casting

technique. From x-ray diffraction it confirms polymerizationof ploymer complex. FTIR study it has been found

that, the concentrations of ZnO(25%) increases the structural disorder. PVA before doping acts as an insulator

and after doping it became semiconductor.

The synthesis and characterization of PVA/ZnO nanocomposites can lead to the development of new

materials with improved properties for various applications. The physical and chemical properties of the

nanocomposites can be tailored by adjusting the concentration of ZnO nanoparticles. The biocompatibility of the

nanocomposites can make them suitable for use in biomedical applications such as drug delivery and tissue

engineering.
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ABSTRACT

This comprehensive review paper explores the multifaceted landscape of Cadmium Oxide (CdO) nanoparticles,
providing a thorough synthesis and analysis of the current state of knowledge in the fields of material science and
nanotechnology. The review encompasses a wide spectrum of topics, including synthesis methods, properties, and
applications, with a significant emphasis on the potential of CdO nanoparticles in cancer treatment.The paper
begins by acknowledging the rapid advancements in material science and nanotechnology, necessitating a
consolidated understanding of CdO nanoparticles. The review systematically examines existing literature, key
developments, emerging trends,unresolved challenges,gaps in research and future scope. It seeks to establish a
cohesive overview of the current landscape in CdO, offering valuable insights into its applications and future
research directions.

A substantial portion of the review is dedicated to the exploration of CdO nanoparticles in cancer treatment.
Various studies are surveyed, revealing promising findings that suggest the potential of CdO nanoparticles to
selectively target and eliminate cancer cells. The discussion spans topics such as composition, morphology, and
the impact of CdO nanoparticles on human cancer cells. Notably, CdO nanoparticles are considered for
applications in early cancer diagnosis and present new possibilities for cancer prevention and treatment.

Beyond cancer treatment, the review delves into the applications of CdO nanoparticles in semiconductor films,
highlighting their versatility in gas sensors, solar cells, lasers, and Spintronics. Synthesis methods, including cost-
effective techniques like the Spray Pyrolysis Technique, are explored, emphasizing their relevance in
industrial applications.The distinctive characteristics of CdO, combining semiconductor and piezoelectric
properties, are discussed, with a focus on laser ablation as a precise and cost-efficient method for shaping CdO
nanoparticles. The optical and biomedical characteristics of CdO nanoparticles are elucidated, showcasing their
lower toxicity compared to other semiconductors and their applications in various products.

The review concludes by emphasizing the multifunctional potential of CdO nanoparticles in cancer treatment,
including drug delivery, targeted attacks on cancer cells, and enhanced sensitivity to imaging. Recent applications
in early pancreatic cancer diagnosis further highlight the diverse and promising nature of CdO nanoparticles in the
biomedical field. This review paper serves as a comprehensive resource for researchers, practitioners, and scholars
in the field of material science and nanotechnology. It not only consolidates the existing knowledge base but also
identifies gaps and suggests potential avenues for future research, contributing to the ongoing dialogue within the
scientific community.

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative @
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I. INTRODUCTION

The field of material science and nanotechnology has witnessed significant advancements in recent
years, prompting a comprehensive review to synthesize and analyze the current state of knowledge. This
review paper aims to provide a thorough examination of the existing literature in cadmium oxide
nanoparticles, offering a comprehensive overview of key developments, emerging trends, and unresolved
challenges. By surveying a wide range of research studies, methodologies, and findings, this review seeks to
establish a cohesive understanding of the current landscape in cadmium oxide and its applications. As research
in material science and nanotechnology continues to evolve rapidly, this review paper not only consolidates
the existing knowledge base but also identifies gaps in current understanding and suggests potential avenues for
future research. Through a systematic exploration of key themes, methodologies, and findings, this review aims
to contribute to the ongoing dialogue within the scientific community, fostering a deeper comprehension of
the critical issues at the forefront of material science and nanotechnology. Ultimately, this review paper aspires
to be a valuable resource for researchers, practitioners, and scholars seeking to navigate and contribute to the
ever-expanding body of knowledge in the field of material science and nanotechnology.

Cadmium oxide (CdO) nanoparticles have gained significant attention in cancer treatment research due to their
potential ability to selectively target and eliminate cancer cells. Several studies have explored the use of CdO
nanoparticles in cancer treatment, with promising findings suggesting their potential as an effective
treatment modality. One study hypothesized that CdO nanoparticles may selectively kill cancerous cells more
than normal cells, indicating their potential for targeted cancer therapy. Furthermore, the study of the
composition and morphology of CdO nanoparticles has shown promising results in eliminating cancer cells,
thus supporting a new avenue for cancer treatment research. Additionally, research has indicated that CdO
nanoparticles may have a role in early cancer diagnosis and present new hope for finding a cure for
cancer. Moreover, the potential of CdO nanoparticles as an anti-cancer drug has been investigated through
various synthesis methods and properties, aiming to understand their impact on human cancer cells. This
research has shed light on the possible application of CdO nanoparticles as a viable option for cancer treatment.
Another study proposed the use of CdO nanoparticles-based drug delivery in cancer prevention, prognosis,
diagnosis, and imaging, further highlighting the multifaceted potential of CdO nanoparticles in cancer
treatment.

Cadmium Oxide (CdO) 1is a distinctive chemical, demonstrating both semiconductor and
piezoelectric characteristics, with a higher Exciton binding energy and a gap energy of approximately 4.05
eV[1-9] compared to other semiconductors. While various methods exist for synthesizing CdO nanostructures,
laser ablation is emerging as a cost-efficient alternative, providing precise control over particle size through
parameter adjustments. This study explores the laser ablation method for shaping CdO nanoparticles,

investigating the impact of laser pulse energy and wavelength on nanoparticle size, and examining the optical
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and medical characteristics of CdO at room temperature. Its unique properties, including sharp exciton
transitions, make it suitable for applications such as LEDs with short wavelengths and semiconductor lasers, as
well as transparent electrodes in photovoltaic cells[10],detectors[11], catalysts[12], and solar cells[13].
Semiconductor films composed of nanostructured Cadmium Oxide (CdO) exhibit a direct and wide band
gap[14], making them versatile for applications in various fields such as gas sensors, solar cells, lasers, and
Spintronics. CdO, classified as a polycrystalline n-type semiconductor with a wurtzite structure, can be
synthesized using diverse techniques like magnetron sputtering, Pulsed Laser Deposition (PLD), Spray
Pyrolysis Technique, and sol-gel[15-17]. Notably, the cost-effective Spray Pyrolysis Technique is widely
adopted in industrial applications.

Compared to nanoparticles of other toxic semiconductors, CdO nanoparticles demonstrate lower toxicity and
find applications in various products, including multivitamin pills, dietary supplements, cosmetics, and
anti-solar creams. The optical characteristics of CdO nanoparticles, such as fluorescence and high-resolution
second harmonic generation, enhance their suitability for various bioapplications. Cadmium Oxide (CdO)
nanoparticles exhibit notable anti-cancer properties, capable of eliminating cancer cells in low concentrations.
Their mechanism of action involves DNA and protein damage, along with the destruction of cell walls.
Importantly, these nanoparticles show no harmful effects on human and mammalian cells, contributing to their
widespread use in industrial contexts.

Beyond their anti-cancer properties, CdO nanoparticles hold promise for cancer prevention and treatment. The
study of CdO nanoparticles-based therapy has emerged as a new dimension in nano-based treatments,
including applications in drug delivery to tumor cells, cancer cell extraction, targeted attacks on cancer cells,
enhanced sensitivity of cancer cells to imaging, and precise observation. Recent applications include the
use of multifunctional CdO nanoparticles for early pancreatic cancer diagnosis, leveraging their ability to
adhere to cancer cells and facilitate detection through MRI. Additionally, CdO nanoparticles find application in
drug delivery to cancer cells, addressing the challenge of targeted drug delivery without adversely affecting
healthy cells. This study explores, for the first time, the linear and non-linear optical characteristics, as well as
medicinal and pharmaceutical applications of CdO nanoparticles in the context of eliminating cancer cells. The
investigation encompasses the effects of CdO nanoparticles on the DNA of human cancer cells, emphasizing

their potential role in advancing cancer treatment methodologies.

II. METHOD OF SYNTHESIS AND CHARACTERIZATION

A) Synthesis of CdO nanoparticles:

Laser Ablation Method in the Synthesis of Cadmium Oxide Nanoparticles:

Laser ablation, a versatile and precise technique, has gained prominence as an effective method for the
synthesis of nanoparticles, including Cadmium Oxide (CdO). This method involves the use of a laser beam to
ablate a target material, generating a plume of vaporized particles that subsequently condenses into
nanoparticles. The laser ablation method offers several advantages, including control over particle size, minimal
contamination, and the ability to synthesize a variety of materials. This section provides an overview of the
laser ablation method and its application in CdO nanoparticle synthesis.

The fundamental principle of laser ablation involves the interaction of a high-intensity laser beam with a target
material. In the case of CdO nanoparticle synthesis, a cadmium target is often utilized. The intense energy from

the laser induces rapid heating of the target, causing material ablation and generating a plume of vaporized
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cadmium particles. The vaporized material undergoes rapid cooling and condensation in the surrounding

environment, leading to the formation of CdO nanoparticles.

Advantages of Laser Ablation Method:

1. Controlled Particle Size: One of the key advantages of the laser ablation method is the ability to control
the size of the synthesized nanoparticles. By adjusting laser parameters such as wavelength, pulse
duration, and energy, researchers can precisely influence the size distribution of the resulting CdO
nanoparticles.

2. Minimal Contamination: Laser ablation is a "green" synthesis method as it typically involves minimal or
no additional chemicals. This reduces the risk of contamination, making the method particularly
attractive for applications where purity is crucial, such as in biomedical and electronic devices.

3. Material Diversity: The laser ablation method is versatile and can be applied to various target
materials, allowing for the synthesis of CdO nanoparticles with different characteristics. This flexibility

opens avenues for tailoring CdO nanoparticles for specific applications.

Challenges and Considerations:

While laser ablation offers numerous advantages, certain challenges and considerations need to be addressed.
Uniformity in the size and distribution of nanoparticles can be influenced by factors such as laser fluence,
repetition rate, and ambient conditions.Additionally,optimizing these parameters requires careful

experimentation and characterization.

Applications of CdO Nanoparticles Synthesized via Laser Ablation:

CdO nanoparticles produced through the laser ablation method find applications in diverse fields. Their unique
properties, influenced by the synthesis conditions, make them suitable for applications in sensors, catalysis, and
optoelectronic devices. Furthermore, the precise control over particle size makes them valuable for studies

exploring size-dependent phenomena in CdO.

Conclusion: The laser ablation method stands as a powerful tool in the synthesis of CdO nanoparticles, offering
precise control over particle size and purity. Its versatility and minimal contamination make it an attractive
choice for various applications. As advancements in laser technology continue, the laser ablation method is
likely to play an increasingly significant role in the synthesis of tailored CdO nanoparticles for emerging

technological and biomedical applications.

B) Characterization of CdO Nanoparticles by X-ray Diffraction (XRD):

X-ray Diffraction (XRD) is a powerful analytical technique widely employed for the characterization of
crystalline materials, including nanoparticles. This section provides an overview of the XRD method and its
application in elucidating the structural properties of Cadmium Oxide (CdO) nanoparticles.XRD relies on the
principle of X-ray diffraction, which occurs when X-rays interact with a crystalline material. When X-rays
strike a crystal lattice, they undergo constructive interference, resulting in diffraction patterns that contain
information about the crystal structure. By analyzing the angles and intensities of these diffraction peaks, one

can deduce valuable information about the crystallographic properties of the material.
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Sample Preparation: To characterize CdO nanoparticles using XRD, the sample must first be appropriately
prepared. Typically, CdO nanoparticles are synthesized using a specific method, such as laser ablation or sol-gel,
and the resulting powder is then mounted onto a sample holder. It is crucial to ensure a homogenous
and well-packed sample to obtain accurate XRD results.

XRD Analysis of CdO Nanoparticles: XRD analysis involves exposing the CdO nanoparticle sample to X-rays,
and the resulting diffracted X-rays are detected and recorded. The XRD pattern manifests as a series of
diffraction peaks, each corresponding to a specific set of crystallographic planes within the CdO nanoparticles.
The positions and intensities of these peaks provide valuable information about the crystalline structure, crystal

size, and orientation of the CdO nanoparticles.

Information Extracted from XRD Patterns:

1. Crystal Structure: The positions and shapes of the diffraction peaks in the XRD pattern are indicative of
the crystal structure of CdO nanoparticles. For CdO, which commonly adopts a cubic structure, the
positions of the peaks can be matched with known crystallographic databases for confirmation.

2. Crystal Size: The broadening of XRD peaks is related to the size of the crystalline domains in the
material. Applying the Scherrer equation to the peak broadening allows for the estimation of the
average crystallite size of the CdO nanoparticles.

3. Orientation and Texture: The relative intensities of XRD peaks provide information about the
orientation and texture of the CdO nanoparticles. A more textured material will exhibit preferential

orientation of crystalline planes.

Interpretation of XRD Results: The XRD pattern obtained from CdO nanoparticles is analyzed using dedicated
software, and the diffraction peaks are compared with reference patterns to confirm the crystal structure. The
calculated crystallite size and information on orientation contribute to a comprehensive understanding of the
CdO nanoparticle's structural characteristics.

Conclusion: XRD analysis plays a crucial role in the characterization of CdO nanoparticles, offering insights
into their crystal structure, size, and orientation. This information is fundamental for researchers and
scientists in tailoring the synthesis processes and optimizing CdO nanoparticles for specific applications in

areas such as catalysis, sensors, and electronic devices.

III.APPLICATIONS

Cadmium Oxide (CdO) nanoparticles have demonstrated promising applications in cancer treatment,
leveraging their unique properties for therapeutic interventions. The multifaceted characteristics of CdO
nanoparticles contribute to their effectiveness in various aspects of cancer treatment. Here are some notable

applications of CdO in cancer therapy:

1. Photothermal Therapy (PTT): CdO nanoparticles exhibit strong absorbance in the near-infrared (NIR)
region, making them suitable candidates for photothermal therapy. When exposed to NIR light, CdO
nanoparticles generate heat, leading to localized hyperthermia in the cancerous tissue. This
hyperthermia can induce selective cancer cell destruction while minimizing damage to surrounding

healthy tissues.
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Drug Delivery Systems: CdO nanoparticles can be employed as carriers for drug delivery in cancer
treatment. Surface modifications and functionalizations enable the attachment of therapeutic agents
onto the CdO surface. The controlled release of drugs at the targeted cancer site enhances the
therapeutic efficacy while minimizing systemic side effects associated with conventional
chemotherapy.

Imaging Agents: Due to their unique optical properties, CdO nanoparticles can serve as imaging agents
for diagnostic purposes. These nanoparticles can be utilized in various imaging modalities,
including magnetic resonance imaging (MRI) and fluorescence imaging. Their ability to
selectively accumulate in tumor tissues enhances the precision of cancer diagnosis and allows for real-
time monitoring of treatment response.

Reactive Oxygen Species (ROS) Generation: CdO nanoparticles have been reported to induce the
generation of reactive oxygen species within cancer cells. Elevated levels of ROS can lead to oxidative
stress, causing damage to cellular components and triggering apoptosis in cancer cells. This property is
particularly advantageous for targeted cancer cell elimination.

Synergistic Therapy: CdO nanoparticles can be integrated into synergistic therapy approaches,
combining multiple treatment modalities for enhanced efficacy. For example, combining
photothermal therapy with drug delivery systems or utilizing CdO nanoparticles in conjunction with
other therapeutic agents can create a synergistic effect, leading to improved cancer treatment outcomes.
Radiotherapy Sensitization: Studies suggest that CdO nanoparticles may enhance the sensitivity of
cancer cells to radiotherapy. Their radiosensitizing effect can potentiate the damage inflicted by
ionizing radiation on cancer cells, potentially allowing for lower radiation doses and minimizing
damage to surrounding healthy tissues.

Anti-Angiogenic Effects: CdO nanoparticles have demonstrated anti-angiogenic properties, inhibiting
the formation of new blood vessels in tumors. By disrupting the tumor's blood supply, CdO
nanoparticles can impede tumor growth and metastasis, offering a potential avenue for cancer
treatment.

Immunotherapy Enhancement: CdO nanoparticles may play a role in enhancing the effectiveness of
immunotherapy in cancer treatment. Their ability to modulate the tumor microenvironment and
stimulate immune responses could synergize with immunotherapeutic approaches, such as checkpoint

inhibitors, for more robust antitumor effects.

While these applications show promise, it's essential to note that the field of using CdO nanoparticles in cancer

treatment is still in the early stages of research, and further studies are needed to establish their safety and

efficacy in clinical settings.

IV.FUTURE SCOPE, CHALLENGES AND GAPS

Future scope and challenges:

The future scope of research in the synthesis of cadmium oxide nanoparticles for cancer treatment is promising

yet challenging. Here are some potential areas of focus and associated challenges:
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Enhanced Biocompatibility: Future research may aim to improve the biocompatibility of cadmium oxide
nanoparticles to minimize potential toxicity concerns in cancer treatment.

Targeted Drug Delivery: Developing methods to target cancer cells specifically using cadmium oxide
nanoparticles can enhance treatment efficacy while reducing side effects. Challenges include ensuring
precise targeting and minimizing off-target effects.

Combination Therapy: Investigating the synergistic effects of cadmium oxide nanoparticles with other
treatment modalities such as chemotherapy or immunotherapy can lead to more effective cancer treatment
regimens. However, finding the optimal combination and understanding their interactions pose challenges.
Safety and Regulatory Hurdles: Addressing safety concerns associated with the use of cadmium-based
nanoparticles and navigating regulatory hurdles for clinical translation are essential for advancing research in
this area.

Mechanistic Understanding: Further elucidating the mechanisms of action underlying the anticancer properties
of cadmium oxide nanoparticles can provide insights for refining treatment strategies. However, deciphering
complex cellular interactions and pathways remains a challenge.

Sustainability and Environmental Impact: Exploring green synthesis methods and assessing the environmental
impact of large-scale production and usage of cadmium oxide nanoparticles are crucial for sustainable
development in this field.

Resistance and Relapse: Investigating mechanisms of resistance to cadmium oxide nanoparticle treatment and
developing strategies to overcome it can improve long-term treatment outcomes. However, resistance
mechanisms may vary among cancer types and individuals, posing challenges for personalized medicine
approaches.

Overall, while the synthesis of cadmium oxide nanoparticles holds promise for advancing cancer treatment,
addressing these challenges will be essential for realizing their full potential in clinical practice. Collaboration
among multidisciplinary research teams and integration of advanced technologies will be key to overcoming

these hurdles and driving progress in this field.

B) Gaps in research:

Some gaps in the methods for synthesizing cadmium oxide nanoparticles and their applications in cancer
treatment include:

Standardization of Synthesis Techniques: There is a lack of standardized protocols for synthesizing cadmium
oxide nanoparticles, leading to variations in particle size, shape, and surface properties. Standardization efforts
are needed to ensure reproducibility and reliability of synthesized nanoparticles for biomedical applications.
Controlled Size and Shape: Achieving precise control over the size and shape of cadmium oxide nanoparticles is
essential for optimizing their anti-cancer properties. Current synthesis methods may lack the ability to
precisely control these parameters, limiting their effectiveness in targeted cancer therapy.

Surface Modification and Functionalization: Surface modification and functionalization of cadmium oxide
nanoparticles can improve their stability, biocompatibility, and targeting specificity. However, there is a need
for more research to develop efficient and scalable methods for modifying the surface of nanoparticles with
biocompatible coatings or targeting ligands.

Biological Compatibility and Toxicity: Understanding the biological interactions and potential toxicity of
cadmium oxide nanoparticles is crucial for their safe use in cancer treatment. More comprehensive studies are

needed to evaluate their biocompatibility, biodistribution, and long-term effects in vivo.
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Optimization of Drug Delivery Systems: Cadmium oxide nanoparticles can serve as carriers for anti-cancer
drugs or therapeutic agents. However, there is a need for optimization of drug loading and release kinetics to
enhance their efficacy while minimizing off-target effects and systemic toxicity.

In vivo Efficacy and Clinical Translation: Despite promising results in vitro, the efficacy of cadmium oxide
nanoparticles in vivo and their clinical translation for cancer treatment remain relatively unexplored.
More preclinical studies and translational research are needed to evaluate their therapeutic potential and safety
in animal models and eventually in human clinical trials.

Addressing these gaps will be crucial for advancing the field of cadmium oxide nanoparticle synthesis and their
applications in cancer treatment, ultimately leading to the development of more effective and targeted

therapies for cancer patients.
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ABSTRACT

Zinc oxide thin films have been deposited by economic and facile solution growth technique at low temperature
and short deposition time with equimolar concentration. Silica glass substrates have been used as a substrate for
the deposition with optimized parameters with AR grade reagents zinc sulfate, thiourea, triethanolamine, and
ammonia. The as-grown thin films were characterized by X-ray Diffractometer, UV-Visible spectrophotometer
and 1-V source meter of Keithley interfaced to class AAA solar simulator for structural, optical and electrical
properties respectively. From the XRD pattern, formation of Hexagonal Wurtzite crystalline structure of as-grown
ZnO0 thin film has been confirmed when compared with standard JCPDS card (79-0207). The estimated average
crystallite size was ~20.6 nm. Along with the characteristics peak of ZnO, a big hump at ~25° has been observed
which may be attributed to the silica which is present in the glass substrate. The optical properties revealed higher
absorbance in the UV region and a sharp absorption edge at ~400 nm which resulted in a wide band gap of ~3.18
eV. Such a wide band gap shows its promising candidature for the window layer in solar cells and other
optoelectronic devices. The electrical properties have been investigated by I-V characteristics in dark and under
light illumination which shows linear nature passing through origin confirming the ohmic contact of the film. The
sudden increase in current after light illumination reveals the Photosensing nature of the film. The photosensitivity
has been calculated at the 2 V bias and was found to be ~66.9 %.

Keywords: ZnO, Thin Film, CBD, Hexagonal Wurtzite, and Photosensitivity.

I. INTRODUCTION

The increasing need for integrated electronic devices and their applications have received the immense interest
of researchers in the finding of economic and efficient materials. Recently nanostructured semiconductors
received incredible consideration due to their facile synthesis and potential applications in nano-scale
functional devices [1, 2]. One such material is zinc oxide (ZnO), which has exceptional optoelectronic
properties like large surface to volume ratio and long stability[3]. ZnO is an n-type crystalline compound
having hexagonal wurtzite structure which is optically transparent in the visible range and belongs to II-VI
group with wide energy band gap of 73.37 eV at room temperature and high binding energy of “60 meV [4-6].

However, ZnO nanoparticles have been under the scanner for a couple of decades but still, there is plenty of a
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scope to use ZnO in different applications. ZnO thin films are widely used for different applications such as
optoelectronic and sensor applications, light emitting diode (LED), laser diodes(LDs), touchscreen, transistors,
antireflection coating, optical filter, photo conductor’s, solar cells etc.[7-13]. The literature review shows the
good electronic stability of ZnO thin films maximizes the quality, stability, and processing time of the
devices[6].

The ZnO Thin-films have been synthesized by various methods such as pulsed laser deposition technique[14],
RF magnetron sputtering[15], spin coating[16], successive ionic layer adsorption and reaction (SILAR)
method[17], laser molecular beam epitaxy[18], electrodeposition[19], chemical vapour deposition (CVD)[20],
spray pyrolysis[21] and solution growth technique [22]. In comparison with all other methods, the solution
growth method is facile, economic, and effective to deposit the thin film of ZnO. Solution growth method has
its own advantage over other methods like large area deposition which is the key aspect for idustrial production
[23, 24]. Along with this, its growth can be controlled by various preparative parameters like molecular
concentration of the precursor solutions, the temperature of the bath, pH of the final solution and, deposition
time[25].

In view of this, in present paper, we report the photosensing properties of ZnO thin-film synthesized by
solution growth technique at low temperature and camparatively short deposition time, which reduces the
fabrication time of devices. Apart from photosensing properties structural and optical properties of as-grown

ZnO thin film have been studied and the results are reported.

II. EXPERIMENTAL

Silica glass substrates have been used to deposit the ZnO thin film which was cleaned by using chromic acid,
laboline soluti,on and distilled water. Glass slides were dipped in chromic acid and maintained at ~70°C for 5-6
hours which were then rinsed rigorously with distilled water. These glass slides were then washed with
laboline solution followed by distilled water and dried in air atmosphere subsequently. An equimolar precursor
solution of zinc and oxygen source has been prepared by using AR grade reagents Zinc Sulphate (ZnSO4) and
Thiourea (CS(NH2)2) respectively in 100 ml deionized water in separate beakers. A few drops of
Triethanolamine (TEA) have been added as a complexing agent in a Zinc precursor solution with constant
stirring followed by the drop-by-drop addition of ammonia (NHs3) till the solution becomes transparent from
milky white. Finally, Thiourea solution was added to a zinc precursor solution with constant stirring, and pre-
cleaned glass substrates were immersed vertically in the final solution which was kept at “50°C for 60 min. The

obtained thin films were rinsed with distilled water once and dried subsequently.
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Fig 1. Schematic representation of solution growth technique for synthesis of ZnO thin film
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III.CHARACTERIZATION

The structural, optical and electrical properties investigation of as-grown thin films has been performed by
various characterization techniques. The structural investigation was performed by X-ray Diffractometer
(Bruker, AXS-D8 Advaate) in the scanning angle of 10°-70° with using CuKou radiation with wavelength 1.5406
A. The optical properties were investigated by UV-Vis spectrophotometer (Perkin-Elmer Lambda-25) with a
spectral range extending from wavelength range of 300 to 900 nm. The electrical measurements were
performed by the I-V source meter of Keithley model 2400 interfaced to class AAA solar simulator by applying

silver contacts over a unit cm?area of the thin film in dark and under the illumination of light.
IV.RESULTS AND DISCUSSION

A) Structural Analysis:

The structural analysis was confirmed the rom X-ray diffraction (XRD) pattern obtained from the X-ray
Diffractometer shown in Fig. 2. The typical XRD pattern shows the presence of two distinct prominent peaks
along with two minor peaks at 20 values of 14°, 16.28°, 21.53°, 24.56° and 29.25° which all are attributed to the
orientation diffracted from (100), (002), (102), (103), (004) planes respectively. Along with these distinct peaks
a big hump i.e. a broad peak in xrd pattern is observed which may be attributed to the silica glass substrate used

for the deposition of ZnO thin film.

ZnO Thin Film
PDF# 790207

g

:
(102)

Intensity (a.u.)
(002)
(103)

10 20 30 40 50 60
(20)°

Fig 2. XRD pattern obtained of as-grown ZnO thin film
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Where, D is crystallite size, § is dislocation density, € is micro-strain, K is shape constant, A is the wavelength of
the x-rays used and f represents full width at half maxima and 0 represents angle of diffraction.

The obtained XRD pattern was compared with the standard JCPDS data cards and it shows hexagonal wurtzite
crystal structure of as-grown ZnO thin film (PDF #79-0207)[26, 27]. The average crystallite size has been
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calculated from the XRD data by using Scherer formula given in Eq. 1 and it was found to be 720.6 nm[28]. The
XRD data was further used to calculate the dislocation density, micro-strain by using Eq. 2 and 3 respectively.
From the XRD pattern broadening of the diffraction peaks have been observed which may be attributed to the
dislocation density and strain present in the thin film. The calculated structural parameters of the as-grown
ZnO thin film is shown in Table 1. The average values were calculated by adding all the values and by dividing

the sum with number of values, which represents the overall information of the entire sample studied.

Table 1. The calculated structural parameters of the as-grown ZnO thin Film

Interplanar FWHM B (10- Crystallite size Dislocation Density = Strain €
(20)° spacing (A) 3rad) D (nm) (10%5) (lines/m?) (103)
14 6.31 11.75 11.88 7.08 2917
16.28 5.43 8.189 17.10 3.41 2.027
21.53 4.12 5.759 2450 1.66 1.414
24.56 3.62 10.787 13.15 5.77 2.635
29.25 3.04 3.924 36.51 7.50 0.949
Average values 20.6 3.738 1.988

B) Optical Study:

The optical properties of the as-grown ZnO thin film have been performed by recording the absorption spectra
with the help of UV-Vis. spectrophotometer in the wavelength range of 300-800 nm at room temperature
shown in Fig. 3. The absorption spectra show minimum absorbance in the visible region with increase in
absorbance towards UV region with an absorption edge at “400 nm. The less absorbance in visible region
makes ZnO a good option for window layer in solar cells. The absorbance data were further utilized to estimate
the optical band gap by plotting absorption coefficient [(achv)?] as a function of photon energy (hv) and Tauc’s
formula given in Eq. 4. The band gap value was obtained by extrapolating the straight curve to energy axis in
Tauc’s plot and was found to be 73.18 eV, which is in good agreement with the earlier reports[2, 29]. Due to
such wide band gap, ZnO becomes the potential candidate for window layer in solar cells and for other
optoelectronic devices.

azao(h‘;_;fg)" (4)

Where, a stands for absorption coefficient which is a function of bandgap and hence varies with the
wavelength, 4 is the Plank constant, vis the frequency of incident light Avis the photon energy and n takes the
values of %2 & 2 for an indirect and direct band gap respectively. Since ZnO is direct band gap semiconductor,

we have taken value of n=2.
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Fig.3: UV-Vis. Absorption spectra whereas inset image show Tauc’s plot of ZnO thin film

Q) Photosensing study:

The electrical properties have been investigated by I-V characteristics in dark environment and under light
illumination (100 Watt) in the applied voltage range of + 2 V depicted in Fig. 4. The electrical properties shows
high current both in dark environment and under light illumination passing through origin exhibits the ohmic
metal-semiconductor contact. The dark current is due to the free charge carriers present. The drastic increase
in current after light illumination has been the evidence of photosensing nature of the as-grown ZnO thin film.
This enhancement in photocurrent after light iis llumination attributed to the free charge carrier generation
due to the incident photons which breaks electron-hole pairs and make them free for conduction[30]. The
photosensing properties like photosensor efficiency/photocurrent gain (P), photoresponsivity (R) and
photosensitivity (S) have been calculated by the Egs. (5), (6) and (7) and found to be 2.973 %, 0.5 pA/W-cm?
and 66.4 % respectively [30-38]. The obtained photosensing properties are the evidence of promising

candidature of the ZnO thin film for various optoelectronic device applications.

1
P = i (6)
S (%) = R‘;T‘d"’ x 100 (8)

where, Ra is the resistance in dark, Riis the resistance in light, I stands for photonic current, lastands for dark

current and Pi the stands for power of the incident light per unit area.
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Fig.4: I-V characteristics of as grown ZnO thin film in dark and under light illumination

V. CONCLUSIONS

The ZnO thin films have been successfully synthesized by economic and simple solution growth technique at
low temperature. The structural properties of the as-grown ZnO thin film have been confirmed by X-ray
diffraction which shows hexagonal wurtzite crystal structure of as-grown ZnO thin film with average
crystallite size of 720.6 nm. The as-grown ZnO thin film were further investigated for optical properties which
revealed minimum absorption in visible region with wide band gap of 73.24 eV. The I-V characteristics
revealed drastic enhancement in current after light illumination which is the evidence of photosensing nature

of the as-grown ZnO thin film that proves its promising candidature for optoelectronic devices.
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ABSTRACT

The dielectric properties, both €', (real part) and €" (imaginary part) of complex dielectric constant are measured
for Chandarapur And Sangali in Maharashtra state saline soil at 5 GHz. The study also includes measurement of
dielectric properties for various percentages of moisture contents, The Shorted waveguide technique is used for
dielectric measurements using automated C-Band microwave bench set up. The least square fitting technique is
used to calculate dielectric constant, €', and dielectric loss, €", and errors in their measurements. The laboratory
data obtained are useful for the interpretation of data in remote sensing applications, particularly in agriculture.
Keywords: Saline soil, Dielectric properties, 5 GHz microwave frequency, Alkalinity; Videography; Remote
sensing; Hyper spectral; Microwave; Image classification; Modeling; Monitoring remote sensing, ERDAS, arid
region, Landsat satellite.

I. INTRODUCTION

Soil salinity caused by natural or human-induced processes is a major environmental hazard. Nearly about 40%
of all irrigated land is salt-affected due to heavy water supply and same crop in same land and this proportion
tends to increase in spite of considerable efforts dedicated to land reclamation. This requires careful monitoring
of the soil salinity status and variation to curb degradation trends, and secure sustainable land use and
management. Multi temporal optical and microwave remote sensing can significantly contribute to detecting
temporal changes of salt-related surface features. Airborne geophysics and ground-based electromagnetic
induction meters, combined with ground data, have shown potential for mapping depth of salinity occurrence.
Constraints on the use of remote sensing data for mapping salt-affected areas. Results of various remote sensing
image techniques of (TM) data were used to show the spectral classes and the corresponding areas of the
different land uses covering the region, and to delineate and map those areas that are salt-affected, and finally
to monitor the temporal changes in salinity in terms of its severity and real extent for the period under
investigation. Results of the study have indicated that a serious salinity problem exists and it is getting worse.
Moreover, it calls for an urgent salinity management program to control the spread of salinity and to reclaim
the damaged areas to be used for economic agriculture in Maharashtra state in India. Agriculture productivity
is affected badly due to salinity in soil. The agriculture pattern of cash crops is day-by-day becoming popular

for obvious reasons. More and more irrigation facilities are used to increase yield of cash crops. However many
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agriculture land, it is found that excessive of water for cash crop like sugarcane, cotton, etc is resulting into
production of water logging areas ultimately causing the increase in salinity of soil. Inappropriate cropping
systems, reduction in crop diversity, inadequate post-harvest infrastructure are other major areas of concern.
Hence, mapping and monitoring of soil are highly important and usually done by microwave Remote Sensing.
Remote sensing (Eugene A. Sharkov, 2003; Ulaby et al., 1986) usually refers to the technology of acquiring
information about the earth’s surface (atmosphere, land, vegetation, forest and ocean) using sensors onboard
airborne (aircraft, balloons) or space-borne (satellites, space shuttles) platforms. The electromagnetic radiation
is used as an information carrier in Remote Sensing. Remote sensing employs passive and/or active sensors.
Passive sensors are those, which sense natural radiations, either reflected or emitted from the earth. On the
other hand, the sensors, which produce their own electromagnetic radiation, are called active sensors (e.g.
LIDAR, RADAR). In passive microwave, remote sensing the radiometer measures the emissivity of soil,
whereas in active remote sensing the radar measures the back-scattering coefficient of the soil, both factors
depend on dielectric properties of soil. The complex dielectric constant is a measure of the electric properties of
the surface. It consists of two parts: the real part, known as the dielectric constant (¢') and is a measure of the
ability of a material to be polarized and store energy. The imaginary part (¢'') is a measure of the ability of the
material to dissipate stored energy into heat. The two are related by the expression: ex=¢' —je’ ' Where e*
is complex dielectric constant. The measurement of these parameters is significant for remote sensing

applications.
II. MATERIAL AND METHOD

The soil samples is collected from location latitude 190 96’ 18 " N longitude,790 29’ 63" E, Chandrapur which
is , in this area so soil having water holding capacity due to Coal area soil is become saline the pH of the
collected soil sample is 9.7 hence it is saline in nature. another Saline soil Sample collected from Sangali
District  latitude 160 98 48 " N longitude, 740 12°84" E, in this area farmers are taking cash crop like
Sugarcane so due to maximum use of water soil water holding capacity increased and soil become saline, the
pH of collected soil sample is 9.8 so it is saline in nature. Both locations are in Maharashtra

The saline soil samples dry and different percentage of moisture contain 5% - 30% are prepared. Dielectric
measurements of all these samples are done at 5.2 GHz at room temperature.

Experimental set-up

The C-Band microwave bench setup (Von Hipple A.R., 1954) consisting of a low power microwave source VTO,
isolator, coaxial-waveguide adapter, attenuator, SS tuner, slotted section and solid dielectric cell. The Block
diagram of the setup is shown in figure 1.

Microwave generated by VTO are propagated through passive components of rectangular wavelength to the
dielectric cell with perfect reflector at closed end. The source is tuned to give 5.2 GHz frequency by applying
tuning voltage of 7 volts. The attenuator is used to keep the desired power in waveguide assembly of the bench.
A slotted section with a tunable probe containing 1N23 detector with the square law characteristics has been
used to measure power (current) along the slotted line. The detector is connected to a micro ammeter and to
the PC to read and record the measured power. The probe sits on slot line such that the tip of the tunable probe
is penetrated and it can be moved forwarded and backward along the slot line section. The depth of the tip is
adjusted for its critical position to get a symmetrical standing wave pattern. The empty dielectric cell is

connected to the other end of the microwave bench. The bench is tuned for symmetrical standing wave pattern
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in the slot line. The dielectric sample under consideration (soil sample) is inserted in the dielectric cell with a
constant compaction. The probe is transverse along the slot line at equal intervals and the probe positions are
recorded with corresponding power (current). This data is acquired and store in file using microcontroller
interface system. This data makes use of o and B as fitting parameters, where o = attenuation factor, f=phase
shift constant.

The data is stored for soil samples of different thickness. The dielectric properties of the solid material can be
calculated for best fit of parameters. The guided wavelength, A_g is measured from the minima of the standing

wave pattern

The free space wavelength in determined using the relation

1 1 1

—=—4 —
Ay A A

Where\_c"2=2a=2%4.73 cm=9.46 cm, ‘@’ being the broader side of the C-band rectangular wave-guide.

The real and imaginary parts of the complex dielectric constant are calculated using the relations

1 (a*=B%
r_ 2
e =25 (7\3 + a2
"no__ }\%(XB
T 2m2

A source code for computing dielectric constant has been developed. The numbers of data files, for different
thickness of samples are combined to get single input data, which can be used, in the source code for
calculating dielectric constant and loss. Experimentally calculated dielectric constant €' and loss €" with error in
measurement in both Ae', Ae" are tabulated.

Figure 1 Block diagram of a C-band microwave bench
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HLRESULT AND CONCULSION

The dielectric properties of dry Chandrapur saline soil and Sangali saline soil are studied at 5.2 GHz at room
temperature. Table 1 shows Chandrapur saline soil details of dielectric constant €' and loss €" and error in

measurement in both Ae', Ae".
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Table 2 shows Sangali saline soil details of dielectric constant &' and loss €" and error in measurement in both
Ae', Ae".

Dielectric properties of dry Chandrapur and Sangali saline soil are measured as a function of moisture contents
shown in table 1 for Chandrapur and table2 for Sangali.

The samples were oven dried and considered at a level of 0% moisture. Then a desired weight of distilled water
is added to achieve different moisture content levels. The variations of moisture content up 5% to 30% are
studied at 5 GHz.

The response to the dielectric constant &' is sensitive to moisture for saline soil , as soon as 5% moisture is added
significant increase in dielectric constant is found, which remain increasing with addition of more moisture
content in figure 2 for Chandrapur and figure 3 for Sangali.

Higher is the magnitude of humidity, the stronger the effect of salinity on the imaginary part. Since &" is
proportional to the conductivity, increase in soil moisture content increases conductivity.

Thus, behavior of the increase in €" with increase in moisture content is seen in table. (Wang. Jet al., 1978,
1980; Y. Lasne et al., 2008).and (Yueru Wu, Weizhen Wang, Shaojie Zhao, and Suhua Liu in IEEE
TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 53, NO. 1)

Table 1 Dielectric constant €’, dielectric loss €', error in dielectric constant Ae' and loss Ae" for Different

moisture content Chandrapur saline soil samples at 5.2 GHz.

Sr Moisture Dielectric | Error In Dielectric constant Dielectric loss Error in Dielectric
No. | Percentage % | Constant A¢' g" loss Ae"
g

1 0 7.4132 2.3894 E002 3.9958 E002 6.8096 E002

2 5 10.3782 4.4943 E002 4.2799 E002 2.3585 E002

3 10 14.8628 5.5958 E002 8.8145 E002 5.5232 E002

4 15 20.7164 3.9877 E002 4.6948 E002 1.8746 E002

5 20 24.8701 3.2444 E002 5.7789 E002 2.2871 E002

6 25 29.3318 5.4234 E002 6.2495 E002 5.1574 E002

7 30 33.5640 6.2801 E002 7.2321 E002 6.97 E002

Chandrapur saline soil Dielectric Constant ¢’

MoisturePercentage

40
t L
g 30 L
s *
Q 20 *
‘3 * @ Dielectric Constant €'
< 10 *
s

0

0 10 15 20 25 30 35

Figure 2 Variations of dielectric constant Versus Moisture% contain of Chandrapur saline soil.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 11 | Issue 9

©



Volume 11 - Issue 09 Published :

27 Feb 2024

Page No : 330-335

Table2 Dielectric constant €, dielectric loss £", error in dielectric constant A¢' and loss Ae'' for Different
moisture content Sangali saline soil samples at 5.2 GHz.
Sr Moisture Dielectric Error In Dielectric Dielectric loss ¢" | Error in Dielectric
No. | Percentage % | Constant €' constant Ag' loss Ae"
1 0 8.5132 6.4494 E002 5.7738 E002 9.6123 E002
2 5 13.6682 7.8643 E002 6.9869 E002 4.9585 E002
3 10 16.2828 8.9858 E002 8.5575 E002 7.7832 E002
4 15 21.9064 6.8477 E002 9.9445 E002 6.8846 E002
5 20 23.9901 5.6944 E002 4.6789 E002 8.9871 E002
6 25 29.5918 8.8934 E002 7.6797 E002 9.7874 E002
7 30 34.8940 7.5701 E002 8.3824 E002 8.64 E002
Sangali Saline soil Dielectric Constant ¢’
40

3 2

g 30 L J

S 20 ¢ ¢

e 104

a

0
0 5 10 15 20 25 30 35
Moisture Percentage

Figure 3 Variations of dielectric constant Versus Moisture% contain of Sangali saline soil.
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ABSTRACT

Nano-sized semiconductors have gotten a lot of attention in both basic research and advanced technological uses
because of their unique optical and electronic properties that depend on their size. One of these is CdS, which is
widely used in many advanced technological fields, including photochemical catalysis, gas sensors and detectors,
solar cells, nonlinear optical materials, and different luminescence, and optoelectronic devices. Undoped and Al-
doped CdS thin films were prepared using chemical bath deposition method. Effect of Al doping concentration on
thickness of the films and structural properties were studied using gravimetric wight by difference method and X-
ray diffraction spectrum. X-ray diffraction spectra shows formation undoped and Al-doped CdS thin films with
cubic crystal structure.

Keywords: Semiconductor, Al-doped CdS, chemical bath deposition, X-ray diffraction.

I. INTRODUCTION

Cadmium Sulphide (CdS) is an II-VI group semiconductor. It has received considerable attention because of its
potential use in the fabrication of solar cells. CdS is a substance that is widely used in many advanced
technological areas, including photochemical catalysis, gas sensors and detectors, solar cells, nonlinear optical
materials, different luminescence, and optoelectronic devices [1]. Adding foreign elements like copper and
aluminium to CdS film changes its optical, structural, and electrical qualities, which makes it work better. Al-
doped CdS thin film has become a significant material owing to its practical uses in photovoltaic cells and
optoelectronic devices [2]. The effects of heat treatment to photo anode and addition of salts like KCl and NaCl
in an electrolyte on the stability of the PEC cells were indicated that though the PEC cells formed with CdS films
were stable in NaOH-Na2S-S electrolyte and the stability of PEC cells formed with Al doped CdS films was
achieved only after the addition of saturated salts in the electrolyte. Several methods have been used to study the
formation of CdS films such as electrochemical deposition, electroplating, cathodic reduction, chemical vapour
deposition, and pulsed laser deposition [3-5]. Chemical bath deposition (CBD) is one of the most appealing
techniques because it has many benefits over other thin film deposition techniques, including low cost, simple
low deposition temperature, low evaporation temperature, and easy coating of big surfaces.

Enriquez et at. [6] reported CdS films of different thicknesses by chemical bath deposition The XRD patterns

show that the films were of hexagonal phase with preferred (002) orientation and the grain size were increased

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative @
Commons Attribution 4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution, and
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with the thickness of the film. Atay et al. [7] deposited CdS and CdS: Al films onto glass substrates using ultrasonic
spray pyrolysis. The study revealed that the electrical, structural, morphological, and elemental properties of CdS
films significantly changed with doping, making CdS: Al films more desirable for window layer applications in
photovoltaic solar cells than CdS. Bilgin et al. [8] prepared cadmium sulfide (CdS) films using ultrasonic spray
pyrolysis (USP) at different temperatures. They found that 573 K substrate temperature is suitable for CdS film
production, with good crystallinity and low resistivity, making it feasible for technological purposes, especially
solar cell applications. Zouling Fu et al. [9] prepared a series of CdS nanoparticles by precipitating them from a
mixture of cadmium salts and sulfur salts without any surface-termination agent. X-ray diffraction studies
revealed three phases: cubic, hexagonal, and hybrid.

In this study, we prepared undoped and Al doped CdS thin films by simple and economical chemical bath
deposition technique. The structural characteristics can be tailored by changing the amount of Al concentration

in CdS films to see if they are practical for a possible technological use.
II. MATERIALS AND METHODOLOGY

2.1. Materials used

For the deposition of undoped and Al doped CdS thin films, cadmium chloride monohydrate (CdCl..H20),
thiourea (CS(NH2)2), aqueous ammonia solution, triethanolamine, and aluminum chloride anhydrous (AlCls)
were used without further purification. All the chemical used in the present study were analytical grade with
99.00% purity and purchased from Merc India. For the preparation of precursor solution double distilled water
were used.

2.2. Substrate cleaning

Substrate cleaning plays an important role in the deposition of thin films. The contaminated substrate surface
provides nucleation sites facilitating the growth, which results in non-uniform film growth. Therefore, the glass
slides of dimensions 26 x 76 x 2 mm3 were boiled in chromic acid for 2 h and kept in it for 12 h. Then, they were
washed with detergent, and again rinsed in acetone before the deposition of the films. The cleaned substrate was
kept dipped in de-ionized water before use.

2.3. Deposition of thin films

A deposition bath was prepared by adding 0.1 M CdCl..H20, 4 ml of triethanolamine, and double distilled water
to a 100 ml beaker. Al doping was done by adding AICls to the precursor solution. A 0.5 M CS(NH2): solution
was prepared separately and added slowly to the deposition bath. The pH was adjusted to 13 by adding ammonia
and sodium hydroxide. The total volume of the reaction mixture was then made 100 ml by adding double distilled
water. A well-cleaned glass substrate was introduced into the bath vertically. The beaker was kept in an oil bath
at 60 °C during the reaction. The deposition was carried out for 1 h, and the samples were removed from the
reaction mixture and detached from the substrate holder. The films were cleaned with double distilled water and
dried using a micro-oven at 50-80 °C for 30 minutes. The films were uniform and well-adherent to the substrate,
resulting in transparent, homogenous yellowish, orange-coloured thin films.

2.3. Characterization Techniques

In the present study weight by difference method was used to measure thickness of the prepared films. The
crystal structure of Al doped CdS thin films were determined by powder X-ray diffraction (XRD). XRD patterns
are recorded on a Rigaku D/Max ULTIMA TII diffractometer using CuKa radiation (\ = 1.5406 A) at 40kV and 30
mA from 26 = 10° to 80°.

In