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Preface. ..

I am very pleased to introduce the fourth edited book published by Rushi
Publication, Chhatrapati Sambhajinagar, entitled "Current Research in Science and
Technology,” and to present it to new researchers. Every year, National Science Day
is celebrated in India on February 28 to mark the discovery of the Raman Effect by
Indian physicist Sir C.V. Raman on February 28, 1928.

In this current era of Al, Science and Technology are crucial components of our daily
lives and survival. Combined, both disciplines have facilitated the creation of a
comfortable environment and lifestyle. Therefore, every year we plan to publish a
research article in a book on the occasion of National Science Day to encourage the
budding potential of researchers in their work. Current Research in Science and
Technology is an interdisciplinary edited book that provides a platform for the latest
research and developments across a wide range of scientific and technological fields.
This book also serves as a reference for students at all levels of research, offering
guidance while writing theses or papers.

The book comprises a total of 33 chapters from different branches of science. The
corresponding author has honestly tried to describe the advanced research ideas,
making it a platform for exchanging acquired knowledge in all aspects of science and
technology. The authors have submitted their original, unpublished work related to
numerous disciplines, communicating current and advanced research.

The most important feature of this book is that it motivates and stimulates curiosity
and research interest among students, helping them gain a clearer understanding of
their concepts.

At the outset, | would like to express my deep gratitude to Hon’ble Shri. Uttamsingh
Pawar, President of our education society (Former Member of Parliament, Jalna, MS,
India) for his blessings and support. | also take this opportunity to sincerely thank
Hon’ble Shri. Ashok Deore, Secretary of our education society, and the In-charge
Principal of our college, Dr. V. B. Lamb, for their continuous support.

I would also like to express my sincere thanks to my mentor, Prof. K. M. Jadhav
(Emeritus Professor, Head, Department of Basic and Applied Sciences, MGM
University, Chhatrapati Sambhajinagar), Dr. S. J. Shukla (Deogiri College,
Aurangabad), Dr. D. R. Shengule (Principal, Vivekanand College, Chhatrapati
Sambhajinagar), and Dr. Ashok Pandit (Principal, Yashwant College, Sillod), who
inspired me greatly for this work.

I am deeply thankful to my dear friends, Dr. Mahesh K. Babarekar, who played the
role of co-editor, and Dr. Veerabhadrayya M., Dr. J. M. Bhandari, and Dr. Suchita V.
Deshmukh for their reviews, suggestions, and corrections in this regard. | also express
my sincere thanks to the National Publisher, Dr. Mrs. Surekha S. Lakkas (Rushi
Publication, Chhatrapati Sambhajinagar), who trusted me to play the role of editor
and published this book within a short timeframe.

Finally, | express my thanks to my friends, college colleagues, and research students
who supported and encouraged me throughout the editing process of this book. Last
but not least, | would like to thank all the co-authors for their huge response and
trust in me, which enabled me to complete this reference book in a short period of
time and give it a beautiful shape. This accomplishment was only possible because of
the spontaneous and continuous support from everyone involved.

Dr. Chandrashekhar M. Kale
(Chief Editor)
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ABSTRACT

Biomedical nanoparticles have emerged as a transformative force in healthcare, offering unparalleled
opportunities for diagnostics, therapeutics, and advanced drug delivery systems. Their unique physicochemical
properties, such as nanoscale size, high surface area, and customizable surface functionalities, enable precise
interaction with biological systems at the molecular and cellular levels. Recent technological advancements
have further amplified their potential, paving the way for innovations in targeted drug delivery, imaging,
biosensing, and tissue engineering. Advances in fabrication techniques, including top-down and bottom-up
approaches, have facilitated the production of nanoparticles with precise size, shape, and functionalization,
ensuring optimal performance in clinical settings. The integration of nanotechnology with emerging fields such
as artificial intelligence and precision medicine is discussed. Challenges such as scalability, regulatory approval,
and potential long-term effects are also addressed, underscoring the need for multidisciplinary collaboration to
translate laboratory successes into real-world applications.

Keywords: Nanoparticles; Synthesis techniques; Biomedical applications

1. INTRODUCTION

The advent of nanotechnology has revolutionized various scientific fields, with biomedicine
being one of its most impactful beneficiaries. Nanoparticles, defined as particles with dimensions less
than 100 nanometers, exhibit unique properties that are not observed in their bulk counterparts. These
include enhanced reactivity, quantum effects, and the ability to penetrate biological barriers.
Biomedical nanoparticles, in particular, have garnered significant attention due to their potential to
address complex healthcare challenges such as targeted drug delivery, non-invasive imaging, and
regenerative medicine. They provide a platform for combining multiple functionalities, such as
therapeutic and diagnostic capabilities, into a single system, enhancing their versatility and utility.
This paper delves into the technological advancements and applications of biomedical nanoparticles,
analyzing their role in transforming healthcare practices. The interest of the scientific community in
biomedical nanoparticles is increasing day by day due to its uncompensated demand for the labeling
materials and tracking agents [1], imaging methods [2], drug delivery [3], pharmaceutical [4],
development of vaccines, surgical implants [5], diagnostic techniques [6], biological sensing,
antibacterial [7], genetic engineering [8], surgery [9], hyperthermia treatments and therapies [10],
photo-thermal therapy, medical appliances [11] sterilization process [12], thus have a significant
potential for applications in the field of biomedicine [13, 14]. The discussion spans their synthesis,
functionalization, applications, and challenges, providing a comprehensive overview of their current
and future potential.
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2. SYNTHESIS AND FUNCTIONALIZATION OF BIOMEDICAL NANOPARTICLES
2.1 Synthesis Techniques

The synthesis of biomedical nanoparticles is a critical step that determines their properties and
functionality. Two primary approaches are employed: Top-down approaches involve the breakdown
of bulk materials into nanoparticles through techniques such as milling, lithography, and laser
ablation. While effective for achieving precise size control, these methods often result in irregular
shapes and surface defects, which can limit their efficiency in biomedical applications. Conversely,
bottom-up approaches involve the assembly of nanoparticles from atomic or molecular precursors
through methods. The researchers have invented several synthesis methods for the production of
nanoparticles like the wet-chemical method [15], the ceramic method [16], the micro-emulsion
method [17], a hydrothermal method [18], auto-clave method [19], etc. These techniques typically
yield more uniform particles with well-defined morphologies, ensuring reproducibility and
functionality. Innovations such as microfluidics and green synthesis methods have further advanced
the field by enabling scalable and environmentally friendly production processes.
2.1 Functionalization Strategies

Functionalization enhances the biocompatibility and specificity of nanoparticles. Common
strategies include surface coating, which involves using polymers like polyethylene glycol (PEG) to
reduce immunogenicity and prolong circulation time in the bloodstream. Ligand attachment, such as
adding targeting ligands like antibodies or peptides, enables nanoparticles to selectively bind to
specific cells or tissues, enhancing their therapeutic and diagnostic precision. Additionally,
encapsulation protects therapeutic agents within nanoparticles, ensuring controlled release at the
target site. Advanced functionalization methods now integrate stimuli-responsive features, where
nanoparticles release their payload in response to specific triggers such as pH, temperature, or
enzymes, further improving their efficacy and reducing side effects.

3. APPLICATIONS OF BIOMEDICAL NANOPARTICLES
3.1. Drug Delivery

Nanoparticles have revolutionized drug delivery by enabling targeted transport of therapeutic
agents to specific tissues or cells. Liposomes, dendrimers, and polymeric nanoparticles are widely
used for encapsulating drugs, improving bioavailability, and reducing side effects. For instance,
nanoparticles loaded with chemotherapeutic agents like doxorubicin have demonstrated enhanced
efficacy by preferentially accumulating in tumor tissues through the enhanced permeability and
retention (EPR) effect. Similarly, nanoscale vectors such as lipid nanoparticles (LNPs) are employed
for delivering genetic material like SIRNA and mRNA, exemplified by their pivotal role in COVID-19
MRNA vaccines. Recent developments include the creation of hybrid nanoparticles that combine
organic and inorganic components to achieve multifunctionality, such as simultaneous drug delivery
and real-time monitoring of therapeutic outcomes [20].

Optimization of Magnetic Properties

(

Data Storage Spintronics Magnetic Sensors Energy Storage

* harddrives - spin transistors* MRI machines - supercapacitor

Fig.1: Various types of biomedical nanoparticles

3.2. Imaging and Diagnostics
Biomedical nanoparticles serve as contrast agents in imaging modalities such as magnetic
resonance imaging (MRI), computed tomography (CT), and fluorescence imaging.

2
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Superparamagnetic iron oxide nanoparticles (SPIONs) and quantum dots are prominent examples,
offering superior sensitivity and resolution for disease detection. These nanoparticles enhance
imaging capabilities, enabling earlier and more accurate diagnosis of medical conditions. Efforts are
ongoing to develop multimodal nanoparticles that combine imaging capabilities with therapeutic
functions, creating integrated solutions for theranostics. This approach has shown promise in
conditions like cancer, where simultaneous diagnosis and treatment are critical [21-24].
3.3. Biosensing

Nanoparticles have enabled the development of highly sensitive biosensors for detecting
biomolecules such as proteins, nucleic acids, and pathogens. Gold nanoparticles and carbon nanotubes
are commonly used in these applications, leveraging their optical and electrical properties for precise
signal transduction. These biosensors hold immense potential for early disease detection and
monitoring, offering rapid and accurate diagnostic capabilities in resource-limited settings. Advances
in biosensor technology are focusing on wearable and implantable devices that integrate nanoparticle-
based sensors, paving the way for continuous health monitoring and data acquisition [25-27].
3.4. Tissue Engineering

Nanoparticles play a crucial role in tissue engineering by serving as scaffolds or delivery
vehicles for growth factors. For example, hydroxyapatite nanoparticles are widely used in bone
regeneration due to their similarity to natural bone mineral. By facilitating the repair and regeneration
of damaged tissues, nanoparticles contribute significantly to advancements in regenerative medicine.
Current research is exploring the use of nanoparticles in combination with 3D bioprinting techniques
to create complex tissue structures with enhanced functionality and precision [26].
3.5. Integration with Emerging Technologies

The convergence of nanotechnology with fields such as artificial intelligence (Al) and precision
medicine is shaping the next frontier of biomedical applications. Al-driven data analysis accelerates
nanoparticle design and optimization, allowing for the identification of optimal properties and
configurations for specific applications. Precision medicine approaches leverage nanoparticles for
patient-specific therapies, tailoring treatments based on individual genetic and physiological profiles.
These synergies are fostering the development of innovative solutions that are tailored to individual
patient needs, enhancing the efficacy and safety of medical interventions. The integration of loT-
enabled devices with nanoparticle-based systems is also gaining traction, enabling remote monitoring
and management of therapeutic outcomes [21-24].

4. CHALLENGES AND FUTURE DIRECTIONS

Despite their immense potential, biomedical nanoparticles face several challenges. Scalability
remains a significant technical hurdle, as the large-scale production of nanoparticles with consistent
quality is complex. Regulatory approval processes are stringent, often slowing down the clinical
translation of nanoparticle-based therapies. Additionally, the potential for accumulation and toxicity
of nanoparticles in the body necessitates thorough long-term studies. Addressing these challenges
requires advancements in manufacturing technologies, comprehensive safety assessments, and the
establishment of standardized protocols for nanoparticle characterization and testing. Future research
should focus on addressing these challenges through interdisciplinary collaborations, fostering
innovation, and expediting the translation of nanoparticle-based solutions to clinical practice [28-30].

5. CONCLUSION

Biomedical nanoparticles are at the forefront of a technological revolution in healthcare. Their
unique properties and versatile applications are redefining disease diagnostics, treatment, and
prevention. From targeted drug delivery to advanced imaging and tissue engineering, these
nanostructures are opening new avenues for innovation in medicine. While challenges remain,
continued advancements in nanoparticle synthesis, functionalization, and integration with emerging

3
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technologies promise a transformative impact on personalized medicine and global healthcare
outcomes. By addressing current limitations and leveraging interdisciplinary expertise, the potential of
biomedical nanoparticles to revolutionize modern healthcare can be fully realized
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ABSTRACT

In summer, at room temperature 303.15 Kk, the viscosity of a binary mixture of Allyl halide (Allyl Bromide,
Allyl Chloride) with Ketone (Acetone, 2-Butanone, 2-Pentanone and 2-Heaxanone) are determined by simple
viscometer. These are used to determine the viscosity deviation of a binary mixture of Allyl halide and the
carbonyl group of ketones at the same temperature. Viscosity deviation is employed to identify the type and
strength of intermolecular interaction between Allyl hallide and Ketone. The viscosity deviation shows the
opposite tendency in ketone rich region and Allyl halide rich region. The effect of increase in carbon chain
length of ketone on viscosity is also reported. It is also noted that functional groups Br and Cl affect
intermolecular interaction. The viscosity deviation is fitted to Redlich- Kister equation.

Keywords: Viscosity, Allyl halide, Ketone.

1. INTRODUCTION

When two or more liquids are mixed the resultant formation of the mixture shows different
behavior from the ideal expected. The properties of a binary mixture of liquid are more interesting in
the point of view of theoretical and practical in many fields. The fundamental properties such as
density and viscosity are also key to the extraction of strength and type of intermolecular and
intramolecular interaction among the parent liquids. The knowledge of these properties of the mixture
is essential in engineering, pharmaceutical and industry applications [1,2]. The allyl bromide (ALB)
and allyl chloride (ALC) are Allyl halide and polar molecules. Ketone is an organic liquid having a
carbonyl group(C=0) attached to R and R, where, R and R are the same or different. Ketone is used
from synthesis to paint. Kemeakegha et.al [3] reported the density and viscosity of Ethyl acetoacetate
with ketone at temperatures 303.15K and 308.15K. As part of our ongoing research [4-7] on Allyl
halide with ketone, the present paper reports the viscosity of Allyl Bromide and Allyl Chloride with
Ketone (Acetone, 2-Butanone, 2-Pentanone and 2-Hexanone) at room temperature 303.15 K in
summer season.

2. EXPERIMENTAL METHOD

The chemicals used in this present work are Allyl Chloride, Allyl Bromide, Acetone (ACE),
2-butanone (2-BU), 2-pentanone (2-PE) and 2-hexanone (2-HE) of AR grade and used without further
purification. The 5 mL solutions were prepared at eleven different volume percentages by adding
ketone in Allyl hallide starting from 0 to 100 % in steps of 10 %, by micropipette with an accuracy of
+ 0.0006 mL. The viscosity of pure liquid and binary mixture is determined by a simple Ostwald
Viscometer at room temperature 303.15K in the summer season. The viscosity of one liquid is
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compared with viscosity of another standard liquid. This is done by comparing the time flow of equal
volumes of these liquids through the same capillary viscometer.

The viscometer is cleaned with acetone and dried it before is used to measure of viscosity of
liquids. The viscometer is hung exactly vertically by using the stand. Referring to Figure 1, the sample
under test is introduced into bulb B up to mark Z, and then forced, under pressure liquid is sucked into
bulb A up to mark X. The liquid is then allowed to fall freely back to bulb B at room temperature. The
time required to meniscus of liquid from mark X to Y is measured with a digital stopwatch and noted
down. This is repeated at least five times for one sample to approach the exact time flow. The average
time is used to determine viscosity. The capillary tube is cleaned with acetone each time before using
another sample. Water is used as a reference liquid to determine the viscosity of unknown liquids.

X 2
) A
Y , P

Fig. 1: Ostwald Viscometer

3. RESULTS AND DISCUSSIONS
The viscosity of binary mixture is determined by using equation

N1 _ Pits

D1 _ P1ta 1
N2 patz ( )
Where p1, p2, mrand mare density and viscosity of liquid and water respectively. t; and t, are

measured time of flow of liquid and water respectively. Water is always taken as standard or reference
liquid.

Tablel: Viscosity of binary mixture of Allyl Chloride with ketone systems at temperature 303.15k

Volume
Eraction of ALC ALC+ACE | ALC+2-BU | ALC+2-PE | ALC+2-HE
1.0 0.3835 0.3835 0.3835 0.3835
0.9 0.3784 0.3829 0.3852 0.3860
0.8 0.3728 0.3828 0.3895 0.3916
0.7 0.3676 0.3833 0.3977 0.4028
0.6 0.3655 0.3839 0.4059 0.4161
0.5 0.3659 0.3856 0.4131 0.4313
0.4 0.3636 0.3887 0.4193 0.4465
0.3 0.3598 0.3884 0.4206 0.4605
0.2 0.3524 0.3866 0.4231 0.4708
0.1 0.3455 0.3852 0.4251 0.4795
0.0 0.3376 0.3793 0.4272 0.4838

The viscosity of pure liquid and binary mixture of systems ALC+ACE, ALC+2-BU, ALC+2-
PE and ALC+2-HE are determined by the above equation and tabulated in Table 1 The value of
viscosity of all systems shows non-linear variation which the result of intermolecular interaction take
place between Allyl halide and Ketone. The viscosity of the binary mixture ALC+ACE and ALC+2-
BU decreases as the volume fraction of ALC decreases while the viscosity of ALC+2-PE and
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ALC+2-HE increases as the volume fraction of ALC decreases. At every volume fraction, the
viscosity of the system increases as we move from ALC +ACE to ALC+2-HE. This may be due to the
carbon chain length of ketone increase so the viscosity of mixture increases. This trend is confirmed
by observing increasing viscosity from ACE to 2-HE.

The viscosity of pure liquid and binary mixture of system ALB+ACE, ALB+2-BU, ALB+2-PE
and ALB+2-HE are determined by the above equation and tabulated in Table 2. The value of viscosity
of all systems shows non-linear variation is the result of intermolecular interaction take place between
Allyl halide and Ketone. The viscosity of the binary mixture of all systems decreases as the volume
fraction of ALB decreases.

Table 2: Viscosity of binary mixture of Allyl Bromide with ketones systems at temperature 303.15k

Volume
Eraction of ALB ALB+ACE | ALB+2-BU | ALB+2-PE | ALB+2-HE
1.0 0.5489 0.5489 0.5489 0.5489
0.9 0.5251 0.5269 0.5301 0.5325
0.8 0.4958 0.5084 0.5164 0.5250
0.7 0.4755 0.4933 0.5067 0.5228
0.6 0.4621 0.4821 0.5020 0.5303
0.5 0.4479 0.4730 0.5006 0.5333
0.4 0.4335 0.4622 0.4936 0.5353
0.3 0.4193 0.4519 0.4856 0.5353
0.2 0.3975 0.4304 0.4746 0.5293
0.1 0.3691 0.4061 0.4574 0.5096
0.0 0.3375 0.3794 0.4272 0.4839
RK ALC+ACE
-------- RK ALC+2-BU
------ RK ALC+2-PE
RK ALC+2-HE
¢ ALC+ACE

A ALC+2-BU
W ® ALC+2-PE

< g

0.4
\Volume fraction of ALC

~
~
.....

-0.013 -

Fig. 1: Viscosity deviation of binary mixture at temperature 303.15K.

The viscosity deviation of binary mixture is determined by equation

AN = Npix — (W11 — V212) (2)

Where nmix, 11 and 12 is viscosity of mixture pure liquid 1 and pure liquid 2 respectively vi, v,
volume fraction of liquid 1 and liquid 2 respectively. The viscosity deviation of Allyl chloride with
ketone is plotted in Fig. 1. This shows a positive deviation in ketone ketone-rich region indicating
strong specific interaction due to dipolar association force being predominant in complex formation.
The negative deviation in the ALC-rich region due to differences in molecular size and shape of
components causes the loss of dipolar association in pure components [8,9]. The viscosity deviation
of Allyl Bromide with ketone is depicted in Fig. 2.
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Fig. 2: Viscosity deviation (An) of binary mixtures at temperature 303.15K.

The nature of the graph is somewhat similar to trends observed in binary mixture of Allyl
chloride with ketone. The positive deviation in the ketone-rich region also indicates strong specific
interaction dominant in mixing components while the negative deviation of viscosity in ALB and
ALC-rich regions indicates dispersion force dominant between mixing components. It is also noticed
that the magnitude of viscosity deviation increases with increases in the carbon chain of ketones in
allyl bromide with the ketone system. The viscosity deviation is fitted to Redlich — Kister [10-11]
equation and standard deviation is determined by following equation. The value of a; coefficient and
standard deviation are tabulated in table 3.

The aj coefficient

YE=x.1-x.> a,.(2x -1)’ 3)
j=0
_ [ZYE cal_yE ex t]z
o —\/ oD 2 (4)

Table 3: g coefficient and standard deviation (6) of viscosity deviation

System ao a1 a as c
ALC+ACE | 0.0180 0.0733 | -0.0108 | -0.0817 | 0.0006
ALC+2-BU | 0.0187 0.0449 0.0121 | -0.0177 | 0.0006
ALC+2-PE | 0.0307 0.0389 | -0.0623 | -0.0066 | 0.0007
ALC+2-HE | -0.0094 | 0.1087 | -0.0074 | -0.0262 | 0.0004
ALB+ACE | 0.0173 0.1822 0.0249 | -0.1234 | 0.0014
ALB+2-BU | 0.0362 0.1637 -0.0082 | -0.0985 | 0.0009
ALB+2-PE | 0.0438 0.1600 0.0240 | 0.0030 | 0.0013
ALB+2-HE | 0.0699 0.2218 -0.0109 | -0.0251 | 0.0014

5. CONCLUSION

The present paper successfully reported the study of the viscosity of Allyl chloride with Ketone

(ACE, 2-BU, 2-PE and 2-HE) and Allyl Bromide with ketone (ACE,2-BU,2-PE and 2-HE). Viscosity
deviation of both systems suggests that there is strong intermolecular interaction between Allyl halide
(ALC and ALB) and carbonyl group ketone (ACE,2-BU, 2-PE and 2-HE). Deviation will increase as
the carbon chain length of ketone increases.




Current Research in Science and Technology ISBN: 978-81-970491-8-7

REFERENCES

[1].
[2].

[3].
[4].
[5].
[6].
[71.

[8].
[9].

K. Sreekanth, D. Sravana Kumar, M. Kondaiah, D. Krishna Rao, Physica B 406 (2011) 854.

E. D. Dikio, Simphiwe M. Nelana, David A. Isabirye, Eno E. Ebenso , Int. J. Electrochem. Sci., 7 (2012)
11101.

A. J. Kemeakegha, B. A. Jumbo, Int. J. of Innovative Science and Research Technology, 5(6), 1598
(2020).

A. P. Maharolkar, Y. Sudke, S. Kamble & A Tidar, A. G. Murugkar, S.S. Patil & P. W. Khirade,
International Journal of Chemistry (2)2, 250, (2010).

Y. S. Sudake, S. P. Kamble, S. S. Patil, P. W Khirade and S. C. Mehrotra J Korean Chem. Society
56(1),20, (2012).

Y. S. Sudake, S. P. Kamble, A. P. Maharolkar, S. S. Patil, P. W. Khirade and S. C. Mehrotra, Bulletin of
the Korean Chemical Society, 33(10),3423(2012).

Y.S. Sudake, S. P. Kamble, and P. W. Khirade J. of Applied Sci. and Computation VI (1), 875-882(2019).
R.J. Fort and W. R.Moore, Trans.Faraday Soc., 62, 1112,(1966).

R. A. Clara, C. G. Marigliano, and H. N. Solimo, J Chem. Eng. Data 51, 1473, (2006).

[10]. M. 1. Aralaguppi, T. M. Aminabhavi, R. H. Balundgi and S. S. Joshi, J. Phys. Chem., 95, 5299, (1991).
[11]. O. Redlich and A. Kister, Ind. Eng. Chem., 40, 348, (1948).

*kkhkk




' ’7"( 2 I ISBN: 978-81-970491-8-7
& Cugrent Research in

Science *?nd Technology

LI (An Edited Bo |

Y

Soil Pollution and Ecosystem
Dr. Manisha D. Dhiware

Department of Physics, KVN’s Naik Arts, Commerce and Science College,
Canada corner, Nashik, 422002
Email: manishasalunke73@gmail.com

ABSTRACT

Soil is one of nature's most incredible assets. World Soil Day, observed every December 5th, is a global call to
recognize the indispensable role of soil in our lives and the urgent need to protect it. Soil is home to a quarter of
our planet's biodiversity, making it a lively, dynamic ecosystem teeming with activity. Most of the food we
consume is grown in soil. It is the foundation of our agricultural systems. Soil captures and stores carbon,
playing a pivotal role in combatting climate change. As water passes through, soil acts as a filter, removing
impurities and ensuring clean water supply. Despite its crucial role, soil faces threats from erosion, pollution,
deforestation, and unsustainable agricultural practices. The main anthropogenic sources of soil pollution are the
chemicals used in or produced as byproducts of industrial activities, domestic, livestock and municipal wastes
(including wastewater), agrochemicals, and petroleum-derived products.

Keywords: Soil Pollution, Chemical contamination, Food safety, Health

1. INTRODUCTION

Soil pollution is defined as the presence of toxic chemicals (pollutants or contaminants) in soil,
in high enough concentrations which causes a risk to human health and the ecosystem. In the case of
contaminants which occur naturally in soil, even when their levels are not high enough to cause a risk,
soil pollution is still said to occur if the levels of the contaminants in soil exceed the levels that should
naturally be present. The sources of soil pollution can occur from various point and non-point sources.
The most common sources are domestic wastes, untreated or insufficient treatment of industrial
discharges, husbandry wastes and agricultural uses of fertilizers, pesticides and herbicides. Soil
pollution is a global issue that poses serious threats to human and ecosystem health. [1]
Anthropogenic activities are the primary source of soil contaminants. Both organic and inorganic
pollutants can enter the soil matrix through various pathways, including the application of fertilizers
and pesticides, improper disposal of wastewater, pharmaceuticals, plastics, and the burning of fossil
fuels. [2] Additionally, these organic and inorganic pollutants have been linked to serious illnesses in
humans. Trace toxic metals like arsenic, lead, and cadmium have been associated with various types
of cancers, while organic substances like polychlorinated biphenyls, polycyclic aromatic
hydrocarbons, insecticides, and herbicides have been linked to various human diseases. [3] Physical
methods involve the physical removal, washing, encapsulation, and electro kinetic extraction
contaminates in soil [4].

All soils, whether polluted or unpolluted, contain a variety of compounds (contaminants) which
are naturally present. Such contaminants include metals, inorganic ions and salts (e.g. phosphates,
carbonates, sulphates, nitrates), and many organic compounds (such as lipids, proteins, DNA, fatty
acids, hydrocarbons, PAHSs, alcohols, etc.). These compounds are mainly formed through soil
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microbial activity and decomposition of organisms (e.g., plants and animals). Additionally, various
compounds get into the soil from the atmosphere, for instance with precipitation water, as well as by
wind activity or other types of soil disturbances, and from surface water bodies and shallow
groundwater flowing through the soil. When the amounts of soil contaminants exceed natural levels
(what is naturally present in various soils), pollution is generated. Soil pollution consists of pollutants
and contaminants. The main pollutants of the soil are the biological agents and some of the human
activities. Soil contaminants are all products of soil pollutants that contaminate the soil. Human
activities that pollute the soil range from agricultural practices that infest the crops with pesticide
chemicals to urban or industrial wastes or radioactive emissions that contaminate the soil with various
toxic substances. The alarming reality is that we have been witnessing a rapid loss of the quality of
our soils and the invaluable benefits they offer [5]. For example, it has been estimated that 16.1% of
soils are contaminated in China, as reported by the Chinese Ministry of Environmental Protection [6].

2. MATERIALS AND METHOD
Causes of Soil Pollution:
Soil pollution can harm ecosystems by reducing biodiversity, contaminating food, and

degrading soil quality. Soil pollution can be natural or due to human activity. The activities of the
human that causes the majority of soil pollution such as industries, or use of pesticides in agriculture.
1. Industrial Activity:

Mining, manufacturing, and the use of synthetic products (e.g. pesticides, paints, batteries,
industrial waste, and land application of industrial or domestic sludge) can result in heavy metal
contamination of urban and agricultural soils. The incorrect way of chemical waste disposal from
different types of industries can also cause for contamination of soil.

2. Agricultural Activities:

Chemical utilization has gone up tremendously since technology provided us with modern
pesticides / herbicides and fertilizers. They are full of chemicals that are not produced in nature and
cannot be broken down by it. Plants absorb many of these pesticides and when they decompose, it
may cause soil pollution.
> Pesticides: Pesticides (DDT, Aldrin and Dieldrin) are synthetic toxic chemicals that definitely

kill different types of pests and insects causing damage to agriculture but it has contaminated

the soils. They are non-biodegradable chemicals. Therefore, these chemicals will not gradually
decompose and keep on accumulating in the soil. Hence, the concentration of these chemicals
will increase in food chain through contaminated soils, it will cause many metabolic and
physiological disorders in humans.

> Herbicides: Slowly, the industries began production of herbicides like sodium arsenite

(NasAsQs), sodium chlorate (NaClOs;), etc. for the weed control but they are also not

environmentally friendly. Herbicides are not as harmful as pesticides but most of the herbicides

are toxic. Research suggested that the spraying herbicides causes more insect attack and
diseases of plants in comparison to manual weeding.

> Inorganic Fertilizers: Excessive use of inorganic nitrogen fertilizers leads to acidification of
soil and contaminate the agricultural soil. Also known as agrochemical pollution. Large
quantities of fertilizers are regularly added to soils in intensive farming systems to provide
adequate N, P, and K for crop growth. The compounds used to supply these elements contain
trace amounts of heavy metals (e.g., Cd and Pb) as impurities. Continuous application of
inorganic fertilizers may significantly increase the heavy metals content in the soil.

3. Waste Disposal:

Industrial waste is sure to cause soil contamination. Disposal of plastics, cans, and other solid
waste falls into the category of soil pollution. Leaking of sewerage system can also affect soil quality
and cause soil pollution by changing the chemical composition of the soil.
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3. RESULTS AND DISCUSSIONS

Effect of Soil Pollution

It causes harmful effect on the soil and the environment. Contamination of soil will decreases the

agricultural output. Major soil pollution effects are:

¢ Inferior Crop Quality: It can decrease the quality of the crop. Regular use of chemical fertilizers,
pesticides will decrease the fertility of the soil at a rapid rate and alter the structure of the soil. This
will lead to decrease in soil quality and poor quality of crops. Over the time the soil will become
less productive due to the accumulation of toxic chemicals in large quantity.

e Harmful Effect on Human Health: It will increase the exposure to toxic and harmful chemicals
thus increasing health threats to people living nearby on the degraded land. Living, working or
playing in the contaminated soil can lead to respiratory diseases, skin diseases, and other diseases.
Also, it can cause other health problems.

e Water Sources Contamination: The surface run-off after raining will carry the polluted soil and
enter into different water resource. Thus, it can cause underground water contamination thereby
causing water pollution. This water after contamination is not fit for human as well as animal use
due to the presence of toxic chemicals.

1. Remediation of Polluted Soils
« Phytoremediation: During recent years the concept of using plants to remediate

contaminated sites has received greater attention. It consists of the Greek prefix phyton

(Plant), attached to the Latin root remedium (to correct or to remedy).

Phytoextraction

Phytostabilisation

Rhizofiltration

Phytovolatilization

Phytodegradation

2. Soil scraping
Replacement of uppermost contaminated soil (0-15 cm depth) from cultivated field has been
possible. The maximum amount of lead was absorbed / adsorbed by soil in clay — humus
complexes. By scraping of contaminated soil highest quality of heavy metals can be removed
from the soil and become suitable from growing the crops.

3. Prevention/Management of Soil Pollution
+» Recycling of waste before disposal.

Proper disposal method of household and industrial waste.

Proper maintenance of sewage system.

Use of organic manures /pesticides instead of chemical fertilizers and pesticides.

Encouraging the integrated application of inorganic fertilizers, organic manures and bio-

fertilizers (INM system)

Avoiding deforestation and promoting forestation.

Encouraging plantation by social and agro forestry programs.

Suitable and safe disposal of including nuclear wastes.

Conducting many pollution awareness programs.
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4. CONCLUSION

Therefore, human activities are responsible for the majority of the soil pollution. We as humans
buy things that are harmful and not necessary, use agricultural chemicals (fertilizers, pesticides,
herbicides, etc.), drop waste here and there. Hence, it is very important to educate people around you
the importance of environment if they are not aware. Soil pollution can cause an imbalance of the
ecosystem of the soil. The soil is an important habitat and is the house of different type of
microorganisms, animals etc. Thus, soil pollution can negatively impact the lives of the living
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organisms and can result in the gradual death of many organisms. It can cause health threats to
animals grazing in the contaminated soil or microorganisms residing in the soil.
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ABSTRACT

Crystal growth is a critical area of research with applications in materials science, chemistry, and physics,
particularly in the fabrication of semiconductors, pharmaceuticals, and advanced materials. Researchers use
various methods to control the nucleation, growth rate, and final properties of crystals, and the Shankar Narayan
and Ramasamy (SR) method could be an approach tailored to enhancing these processes. Thiourea Complex
doped potassium dihydrogen phosphate single crystal was successfully grown by SR method. In this method, a
thermal gradient is maintained between the bottom and top of the ampoule, in which a seed of the grown crystal
is fixed at the bottom of the ampoule. The grown Thiourea Complex doped potassium dihydrogen phosphate
crystal was characterized by different techniques. The SR method is an advanced experimental technique used
to grow NLO crystals, enabling the unidirectional growth of large, transparent, and defect-free single crystals
for optoelectronic and photonic applications.

Keywords: Slow evaporation method, SR method, seed crystal, Unidirectional growth, UV-visible

1. INTRODUCTION

The second harmonic generation (SHG) single crystal has been one of the most sought-after
properties in the field of semi-organic nonlinear optical materials for the past three decades. Various
methods have been developed for growing single and bulk crystals, each with different growth
conditions and applications [1-4]. The slow evaporation solution method is the most fundamental
technique for crystal growth. Other methods, such as the melt growth technique, have been explored
for semi-organic crystal growth. In the melt growth process, the material is crystallized through fusion
and solidification as the liquid cools below its freezing point [5]. This process leads to the formation
of crystals that are generally free of defects and impurities, as the crystallization reaction occurs more
rapidly compared to other methods. Melt growth can be further divided into several techniques, with
the two most common being the Bridgman and Czochralski methods [6-7].

Another widely used technique for crystal growth is the solution growth method, which is the
simplest and oldest approach for growing crystals from an aqueous solution. This method is
particularly useful for growing large crystals and can be further classified into low-temperature
solution growth, high-temperature solution growth, hydrothermal growth, and gel growth [8-11]. In
this study, potassium thiourea complex-doped potassium dihydrogen phosphate (PTCKDP) crystals
were grown using the Sankaranaryanan-Ramasamy (S-R) method at 35°C. Figures 1a and 1b show the
crystals grown by the slow evaporation solution method and the S-R method, respectively.
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Despite the various crystal growth methods, each has its own limitations, including thermal
stress, internal defects, challenging growth conditions, difficulty in growing large crystals, long
waiting periods, complicated equipment, and multi-step processes. Therefore, in this research, the
unidirectional Sankaranaryanan-Ramasamy (S-R) crystal growth method was employed to overcome
these drawbacks. This method uses less sophisticated equipment to grow unidirectional single
crystals. One of its main advantages is that it allows crystals to be grown at any desired temperature
along any axis, with all solute material being converted into crystal form.

Fig.1: Photograph of 0.2 mol% PTC doped KDP Flg 2 Photograph of 0.2 mol% PTC doped KDP
crystal by SEST Method. crystal by SR Method.

2. MATERIALS AND METHOD

Tetra thiourea potassium chloride (TTPC) - doped potassium dihydrogen phosphate (KDP)
crystals were synthesized using both the slow evaporation solution technique (SEST) and the
Sankaranaryanan-Ramasamy (SR) method.
1.1. Slow evaporation solution technique

Initially tetra thiourea potassium chloride (TTPC) crystals were grown using the slow
evaporation solution technique (SEST) method. The synthesis process began with the preparation of
potassium thiourea chloride (PTC) crystals by dissolving potassium chloride (> 99%, Merck) and
thiourea (> 99%, Merck) in al:4 ratios in deionized water (conductivity < 1.0 umhos/cm) called as
tetra thiourea potassium chloride for three different molar concentrations. The resulting solutions was
stirred for five hours, filtered using Whatman filter paper (I), and left undisturbed for slow
evaporation.

Fig. 3. Photograph of growth in CTB Fig.4. Photograph of SR Method.

Next, 0.1, 0.5 and 1.0 mole % of the PTC yield was doped into a supersaturated solution of
potassium dihydrogen phosphate (KDP, > 99%, Merck) to produce PTCKDP crystals. This mixture
was stirred for 8 hours to ensure uniformity and then placed in a constant temperature bath at 40°C.
High-quality seed crystals were then selected for SR growth. The purity of the PTCKDP crystals was
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further improved through successive recrystallization using the SEST method. After 20 days, a high-
quality transparent whitish PTCKDP single crystal was harvested. The resulting PTCKDP crystal,
measuring 15x6x5 mm3, grown by the SEST method, is shown in Fig. 1(a).

2.2. Sankaranarayanan - Ramasamy method

The setup for growing unidirectional crystals using the Sankaranaryanan-Ramasamy (SR)
method consists of ring heaters placed at both the top and bottom of a growth ampoule, which is
connected to a temperature controller. The ampoule is designed to meet the experimental
requirements and to achieve the desired crystal dimensions. The top heater is maintained at a higher
temperature to facilitate slow evaporation, while the position of the heater can be adjusted to regulate
the crystal growth rate. A seed crystal, measuring 4 mm x 4 mm x 2 mm, was selected from crystals
grown using the slow evaporation technique and chosen for growth along the (1 1 0) plane. This
selected plane was mounted at the bottom of the ampoule. The setup for growing unidirectional
crystals using the Sankaranaryanan-Ramasamy (SR) method consists of ring heaters placed at both the
top and bottom of a growth ampoule, which is connected to a temperature controller. The ampoule is
designed to meet the experimental requirements and to achieve the desired crystal dimensions. The
top heater is maintained at a higher temperature to facilitate slow evaporation, while the position of
the heater can be adjusted to regulate the crystal growth rate. A seed crystal, measuring 4 mm x 4 mm
X 2 mm, was selected from crystals grown using the slow evaporation technique and chosen for
growth along the (1 1 0) plane. This selected plane was mounted at the bottom of the ampoule.

A 300 ml saturated solution of 0.2 mole % PTCKDP was prepared at 40°C, filtered using
Whatman filter paper, and carefully transferred to the growth vessel. The vessel was then sealed and
placed in a dust-free chamber. The growth process began with the top ring heater maintaining a
temperature of 44°C, while the bottom of the ampoule was kept at 40°C, creating a temperature
gradient between the top and bottom regions. This temperature differential facilitated nucleation near
the surface of the solution throughout the growth period. Under these conditions, transparent crystals
began to grow at a rate of approximately 1 mm per day. After 35 days, a high-quality crystal with
dimensions of 38 mm by 18 mm was harvested. The SR method improves by eliminating the need for
suspension threads, which can negatively impact crystal quality. Additionally, unlike conventional
solution growth techniques that require large volumes of solution in a large container, the SR method
efficiently converts a significant portion of the solute into a bulk single crystal. Fig.1(b) shows the
PTCKDP crystal grown using the SR method, with dimensions of 35x20x15 mmg,

1. Optimizing Crystal Growth Conditions

The Shankarnarayan and Ramasamy method could be focused on optimizing the environmental
and chemical conditions that affect crystal growth. These conditions include temperature,
supersaturation, solution concentration, and the presence of solvents or additives.Researchers could
use this method to refine growth parameters, ensuring that crystals grow with desired qualities, such
as size, shape, and purity. The goal might be to control the kinetics of nucleation and growth to
produce high-quality single crystals.

2. Facilitating Controlled Nucleation

Nucleation is the initial phase in crystal growth where atoms or molecules come together to
form a stable cluster. The Shankarnarayan and Ramasamy method might focus on controlling the
nucleation rate to ensure uniformity and reproducibility of crystal formation. Researchers could apply
this method to suppress unwanted spontaneous nucleation (which leads to polycrystalline or flawed
crystals) and promote homogeneous nucleation. This leads to the growth of large, single crystals,
which is important in fields like pharmaceuticals (e.g., for the crystallization of active drug
compounds) and optics (e.g., in the development of laser crystals).

3. Modulating Growth Rate and Morphology

Crystal growth rates can often be controlled through the manipulation of solution concentration,

temperature, and the addition of growth modifiers. The Shankarnarayan and Ramasamy method could
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include techniques for adjusting these factors to control not just the size of the crystals but also their
morphology and surface structure. Researchers in materials science might use this method to direct
crystals to grow in specific directions, allowing for the fabrication of anisotropic crystals that possess
desirable mechanical, electrical, or optical properties.
4. Crystallization from Non-Aqueous Solvents

The Shankarnarayan and Ramasamy method may involve optimizing the use of non-aqueous
solvents or melts for crystallization. Non-aqueous crystallization is useful when crystallizing
compounds that are insoluble or poorly soluble in water. Researchers may focus on organic crystal
growth or crystallization of inorganic compounds that require solvents like alcohols, acetone, or ionic
liquids. This method could help in improving crystal size and purity, particularly for organic
compounds used in organic electronics or pharmaceuticals.
5. Control of Defects and Impurities

Crystal defects (like dislocations, vacancies, and interstitial impurities) are often undesirable as
they can impair the physical properties of the crystals. The Shankarnarayan and Ramasamy method
could be tailored to minimize or control these defects during crystal growth. By modifying growth
conditions, such as cooling rate, pressure, or solvent composition, researchers can reduce the
incorporation of unwanted defects and ensure that the resulting crystals have high structural integrity.

In contrast, the slow evaporation method relies on free convection to control the growth

process, creating a surface boundary layer where diffusion occurs. In the SEST method, the solution’s
rotation thins the boundary layer, enhancing the transport of solute to the crystal surface. In the SR
method, gravity governs the concentration near the crystal surface, causing solutes to approach the
surface directly. This results in the crystal surface attracting solute atoms more effectively. The SR
method allows for crystal growth under stable and controlled conditions [12-17].

3. RESULTS AND DISCUSSIONS

The PTCKDP crystal sample was analyzed using various characterization techniques. Single
crystal X-ray diffraction (XRD) analysis was performed with an Enraf Nonius CAD4-MV31 X-ray
diffractometer. The results revealed that the crystal belongs to the tetragonal (1) crystal system, with
lattice parametersa=b =7.48 A, ¢ =7.00 A, and a unit cell volume of 391 A3,
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Fig.5: FT-IR plot of the doped crystal Fig. 6: Absorbance vs. wavelength and Tauck’s

plot.

The Fourier transform infrared (FT-IR) spectrum of PTCKDP was analyzed using a Bruker a-
ATP spectrophotometer, with the results shown in Figure 5. The P-CI stretching vibration was
observed at 670 cm™ 1, while the absorption peak at 785 cm™ * corresponds to P-O-C stretching. A
peak at 841 cm™ t was attributed to C-CI bond stretching, and the C=C stretching and NH2 bending
vibrations were identified at 1526 cm™ ! and 1696 cm™ 1, respectively. Absorption peaks at 2364
cm~ L and 3678 cm™ t were assigned to phosphorus acid ester O-H stretching and O-H asymmetric
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stretching, respectively. Additionally, the peaks at 3740 cm™ t and 3848 cm™ * were related to O-H
stretching vibrations [18].

The PTCKDP crystal was analyzed using UV-visible spectroscopy to assess its absorbance. A
sample with a thickness of 3 mm was examined using a Shimadzu UV-2450 spectrophotometer, and
the analysis was conducted over a wavelength range of 200 to 900 nm. The obtained data was used to
calculate various optical parameters. The transmittance spectrum, shown in Fig. 6, indicates that the
PTCKDP crystal has a low absorbance of just 1.2% across the entire visible spectrum, which is a
promising characteristic for applications in frequency conversion devices. The optical band gap (EQ)
of the crystal was determined using the relation ahv = A(hv - Eg)!'/2, where a is the linear absorption
coefficient. The value of Eg was found to be 3.6 eV. These optical properties suggest that the
PTCKDP crystal is suitable for optical limiting and photonic applications [19-20].

To investigate the second harmonic generation (SHG) properties, the Kurtz-Perry powder test
was performed. Before testing, the 0.2 mol% PTCKDP crystal was crushed into a fine powder with
uniform particle size. The powdered sample was placed in a microcapillary tube and irradiated with a
Q-switched Nd-YAG laser operating at a wavelength of 1064 nm. The laser had energy of 4.7 mJ per
pulse, a repetition rate of 10 Hz, and a pulse width of 10 ns. The green emission from the sample
confirmed the nonlinear optical behavior of the PTCKDP crystal. The output voltage of the beam
from the powdered sample was measured using an oscilloscope (CRO). The measured output for the
0.2 mol% PTCKDP crystal was 141 mV, while the output from pure KDP was 114 mV. This
indicates that the SHG efficiency of PTCKDP is 1.25 times greater than that of KDP, demonstrating
its potential for nonlinear optical (NLO) applications [21-22].

4, CONCLUSION

The Shankarnarayan and Ramasamy method for crystal growth can be seen by researchers as a
comprehensive approach to optimizing conditions that control crystal size, morphology, purity, and
defect structures. This method can find significant applications across various industries, including
semiconductor manufacturing, pharmaceuticals, materials science, and nanotechnology. It is a tool for
advancing the precision and efficiency of crystal growth techniques, improving material properties,
and enabling the development of high-performance devices and applications in fields like electronics,
optics, and medicine. The Potassium Thiourea Chloride-doped KDP crystal was grown using the SR
method, a novel technique for unidirectional crystal growth. This method allows the entire solute to be
converted into a single crystal, which measures 35 mm in length and 15 mm in diameter.
Characterization results from XRD, FT-IR, UV, and SHG analyses confirm the effectiveness of this
method in producing nonlinear optical materials.
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ABSTRACT
The Cadmium (Cd?*) ions substituted samples of mixed nickel- copper ferrites having the compositional
combination NipsCugsxCdxFe204 (X = 0.0, 0.1, 0.3, 0.5) have been synthesized using AR grade oxides by
standard solid state reaction technique. The formation of single-phase cubic spinel structure of all the samples
under investigation have been carried out using X-ray diffraction technique at room temperature. Using LCR-Q
meter the dielectric constant (¢'), dielectric loss (g”), dielectric loss tangent (tand) was measured as a function of
frequency. The frequency dependence of dielectric parameters measurements was carried out within the range
100 Hz to 1 MHz. The values of dielectric parameters (¢',¢"and tand)are much higher at lower frequencies but
decreases with increase in frequency. At very high frequencies, its values become so small that it becomes
independent of frequency. The decrease in dielectric parameters with increase of frequency may be due to the
fact that beyond a certain frequency of the external electric field, the electronic exchange between ferrous and
ferric ions cannot follow the alternating field. It is observed that dielectric constant ("), dielectric loss (¢”) and

dielectric loss tangent (tand) appreciably increases with cadmium concentration x but decreases with increases
in frequency.

Keywords: Mixed spinel ferrites, XRD, dielectric properties.

1. INTRODUCTION

Ferrites are ferromagnetic materials with good magnetic, dielectric properties and a large
number of technological applications in satellite communication, memory device, computer,
components, filter components, antenna rods, transformer core etc, because of their excellent
electrical and magnetic properties [1].The high electrical resistivity, low eddy current and dielectric
losses, moderate saturation magnetization, easy and low cost of preparation, high Curie temperature
and high permeability are the remarkable characteristics of a ferrite material which makes them useful
in variety of applications. The properties of ferrite depend on magnetic interaction, cation distribution
in the two sub lattice, method of preparation, preparative parameters, type and amount of dopant [2-
4]. The dielectric properties of ferrites are dependent upon several factors including the method of
preparation, chemical composition and grain structure. Among the spinel ferrites, nickel ferrite is
having special attraction because of their useful properties such as inverse spinel nature, high
saturation magnetization and Curie temperature, high electrical resistivity and chemically most stable.
In the literature very few studies on cadmium substituted nickel-copper ferrite are reported.

Here, we report our results on dielectric studies of the prepared NiosCuosxCdxFe204 for the
values of x = 0.0, 0.1, 0.3, 0.5samples.
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2. EXPERIMENTAL

The polycrystalline samples of NigsCuos«xCdxFe204 (x = 0.0, 0.1, 0.3, 0.5) were prepared using the
standard ceramic technique [5]. A.R. grade oxides of corresponding ions (NiO, CuO, CdO and Fe;O3) were
mixed in stoichiometric proportion. Grinding using agate mortar (4 h) was carried out for each sample. The
samples were pre-sintered at 1293 K for 12 h. The sintered powder is again reground and sintered at 1353 K for
14 h. Then the powder of samples compressed into pellets of 10 mm diameter using a hydraulic press with
pressure 6 ton/inch? and sintered at 1273K for 12 h. The samples were furnace cooled to room temperature. The
prepared samples were characterized by X-ray powder diffract-meter in the 26 range 20°-80°at room
temperature to confirm single phase spinel structure. Dielectric constant (¢') dielectric loss (") and loss tangent
(tand) as a function of frequency at room temperature were measured by LCR Meter. For dielectric
measurements the pellets were coated with silver paste for good ohmic contact.

3. RESULTS AND DISCUSSION
3.1 XRD (X-Ray Diffraction)

The XRD patterns of mixed spinel ferrites system NiosCuosxCdxFe204 (x = 0.0, 0.1, 0.3, 0.5)
under investigation shows that the samples have single phase cubic spinel structure. The figure 1 shows typical
XRD pattern for x = 0.1. The Bragg’s peaks are sharp and intense. Lattice constant calculated using XRD data
increases with increase in cadmium content ‘x’. The variation in the lattice constant with cadmium substitution
can be explained on the basis of ionic radii of nickel (0.69A) , copper (0.72A) and cadmium(0.97 A) [6].The
ionic radii of nickel and copper are very close to each other but ionic radii of cadmium is relatively large hence
there is much increment in the lattice constant.
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Fig. 1: Typical XRD Pattern of NigsCuosxCdyxFe-04 (x=0.1)

3.2 Dielectric Constant (g')

Variation of dielectric constant (') of NigsCuosxCdxFe20s4 (x = 0.0, 0.1, 0.3, 0.5) with
frequency and cadmium content x is shown in Fig.2. It is observed from Fig.2 that dielectric constant
increases with the increase in Cd?* concentration. In Ni—Cu-Cd ferrites, copper ions occupy
tetrahedral (A) sites and octahedral [B] sites, cadmium ions occupy tetrahedral (A) sites where as Ni2*
ions prefer to go to octahedral [B] sites. Fe®* ions which exist in 2+ as well as in 3+ states, occupy
both A and B sites. When Cd?* is added in place of Cu?* ions, some of the Fe3* ions are converted to
Fe?* ions to maintain the charge neutrality.

As a result, hopping between Fe** and Fe?* ions increases hence the resistance of grains
decreases. This increases the probability of electrons to reach the grain boundary. Consequently,
polarization and dielectric constant increase [7]. The value of ¢’ is much higher at lower frequencies.
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It decreases with the increase in frequency. At very high frequencies, its value becomes so small that
it becomes independent of frequency. Other researchers have also observed similar kind of behavior
[8, 9]. The variation in dielectric constant may be explained on the basis of space charge polarization.
According to Maxwell and Wagner two-layer model [10, 11], space charge polarization is because of
inhomogeneous dielectric structure of the material. It is formed by large number of well conducting
grains separated by thin poorly conducting intermediate grain boundaries. The electronic exchange
between Fe?* and Fe** is due to the local movement of electrons in the direction of electric field which
determines the polarization in ferrites. Polarization decreases with the rise in frequency and then
attains a constant value. It is because of the fact that beyond a certain value of frequency of external
field, the electron exchange Fe?*«>Fe** cannot follow the alternating field [12, 13].
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Fig.4: Variation of dielectric loss tangent (tand) with logarithm of (Log F) of NigsCuos.xCdxFe204

3.3 Dielectric Loss (")

The variation of dielectric loss (") is shown in Fig. 3. The variation of dielectric loss (")
with frequency can be explained on the basis of dispersion due to the Maxwell-Wagner interfacial
polarization with Koop’s phenomenological theory [14]. Dielectric loss decreases with the increase of
frequency. It is because of decrease in polarization with the increase in frequency. Ultimately, it
reaches a constant value. Other researchers [15] have quoted a similar kind of trend with the change in
frequency. Rabinkin and Novikova [16] pointed out that polarization in ferrites is similar to that of
conduction. The electron exchange between Fe?* <> Fe3* results the local displacement of electrons in
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the direction of the applied field that determines the polarization. Polarization decreases with the
increase in value of frequency and then reaches a constant value. Dielectric loss (¢") has large value at
lower frequency. It is because of the predominance of species like Fe?* ions, oxygen vacancies, grain
boundary defects, interfacial dislocation pile-ups, voids, etc. [14- 17]. The decreasing trend in (g")
with the increase in frequency is natural due to the fact that any species contributing to polarizability
is found to show lagging behind the applied field at higher frequencies [7].

3.4 Dielectric Loss Tangent (Tand)

The values of tand depend on a number of factors such as stoichiometry, Fe?* content and
structural homogeneity, which in turn depend on the composition and sintering temperature of the
samples [18, 19]. The variation of dielectric loss tangent (tand) is shown in Fig. 4. The initial decrease
of tand with an increase in frequency may also be explained on the basis of Koop’s phenomenological
model [15]. Table 1 shows comparison of dielectric constant (¢'), dielectric loss (¢”) and dielectric
loss tangent (tand) at room temperature at 100 Hz, and 1 MHz frequencies for NigsCugsxCdxFe;O4
system. It revealed from Table 1 that dielectric constant, dielectric loss and dielectric loss tangent
increases with cadmium content and decreases with frequency.

Table: 1 Room temperature dielectric constant (¢'), dielectric loss (¢”) and dielectric loss tangent
(tand) at100 Hz and 1 MHz of NiosCuos.xCdxFe204

Frequency

X 100 (Hz) 1(MHz2)

g’ g" tand g’ g" tand
0.0 862 379 0.44 494 0.64 0.0013

0.1 | 1557 1161 | 0.77 | 495 | 3.80 0.0070
0.3 | 2513 2517 | 100 | 521 | 3.89 0.0079
0.5 | 3214 | 4500 | 1.15 | 580 | 4.56 0.0098

4. CONCLUSIONS

1. Single phase cubic spinel structured samples of NiosCuos.xCdxFe,Oswere obtained successfully
using ceramic technique.

2. Substitution of (Cd?*) ions increases the dielectric parameters of the system.

3. The values of dielectric parameters (¢’,&"and tand) are high at low frequencies but decreases with
increase in frequency.
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ABSTRACT

The tin chloride precursor initiated sol-gel chemical method for synthesizing tin oxide (SnO2) nanoparticles
electrode is envisaged in dye-sensitized solar cells. Three steps; synthesis of nanoparticles, formation of paste
using suitable surfactants and film development using doctor-blade method, are adopted for obtaining SnO;
electrode. The films of SnO, nanoparticles formed onto glass and indium-tin-oxide substrates are annealed at
450 °C for 3 h. Influence of indium-tin-oxide on the structural elucidation, morphological evaluation, grain size
confirmation and Raman shift analysis of the SnO, nanoparticles is eliminated by considering glass as the
depositing substrate. Enhanced light absorbance at 500 nm due to the N719 dye molecules adsorption compared
to pristine SnO; electrode has showed 1.62% solar-to-electrical conversion efficiency.

Keywords: Photo-electrochemical Cells, Sol-gel, Tin Oxide, DSSCs.

1. INTRODUCTION

Since the achievement of a solar to electrical energy conversion efficiency of over 11%
achieved using a nano-crystalline TiO; electrode [1], large band gap semiconducting materials are
enormously under investigation for their possible applications in dye-sensitized solar cells (DSSCs).
The large band gap materials include TiOz, SnOz, WOs, MgO, ZnO, Nb2Os, etc. [2, 3].

The tin oxide (SnOy) is a chronic candidate when these semiconducting metal oxides are
considered. Large surface area SnO., has many advantages including a faster rate of electron
interception by the redox electrolyte, higher electronic mobility, low sensitivity to UV degradation
due to its larger band gap and hence the better long-term stability [4], etc. Moreover, the lower
conduction band edge (more positively located) position of SnO, facilitates the high efficiency of
electron injections from the adsorbed dye molecules [5]. Along with these interesting properties
several applications such as good adhesion to many polycrystalline and amorphous substrates
including glasses, metals and oxides for the use of polycrystalline SnO- as transparent electrodes and
thin film solid state gas sensor for different gases with high sensitivity, photovoltaic devices,
transparent conductive films for display and solar cells, catalysis, and anode materials of secondary
lithium ion battery etc., of SnO; have been numerously documented in the literature [6-11]. Several
chemical and physical methods including chemical vapor deposition, chemical bath deposition,
electro-deposition, high temperature thermal deposition, molten salt synthesis, laser ablation, dc and rf
-sputtering etc. for synthesizing SnO; nanostructures including nanoparticles, nanoribbons, nanorods,
nanowires and nanotubes etc. [11-15] are preferred as on today [16-21]. Implication of SnO:
nanoparticles in DSSCs is limited by its open circuit voltage (Voc), less than 400 mV [22] making it
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less attractive compared to TiO, and ZnO semiconductors. Conventional nanoparticles of SnO, have
produced comparatively small conversion efficiencies of around 1-2% because of the inherent low
conduction band edge and the fast recombination process [23].

In the present study, porous SnO- nanoparticles were procured from a simple, cost effective and
low temperature sol-gel method. Two substrates viz. glass and ITO were preferred for avoiding
confusion of results between SnO; nanoparticles film and ITO substrate. To avoid ITO substrate
contamination the film of SnO, nanoparticles onto glass substrate was preferred for structural
elucidation, morphological evolution and Raman shift analysis. For grain-size identification SnO;
powder was scratched from the glass substrate and then mounted on the copper grid using fine-tipped
syringe with acetone as a solvent. Change in absorbance, due to N719 dye molecules loading, was
confirmed from an optical absorbance studies. The elemental chemical analysis was carried out from
the energy dispersive X-ray (EDX) analysis. Prior to DSSCs use, the SnO; electrode was dipped in
N719 dye for 3 h followed by acetonitrile rinsing. The current density-applied voltage (J-V)
measurement of SnO; electrode of about two micrometer thickness and 0.25 cm? area was employed
using 100 mW/cm? light intensity which was controlled with Si diode.

2. MATERIALS AND METHODS

Preparation of SnO; nanoparticles films onto glass and ITO substrates was divided into three
parts; (a) synthesis of nanoparticles powder using sol-gel method, (b) formation of homogeneous
paste followed by doctor blading scotch tape of two micron thickness, and (c) step-wise annealing in
auto-controlled oven at 450 °C for 3 hr. All the chemicals were purchased from Sigma-Aldrich and
used without further purification. For the synthesis of SnO, nanoparticles, initially 0.3 M tin
tetrachloride (SnCl,) was taken in ethanol solvent for 100 ml, after dissolving it, 0.6 M thioacetamide
was further added to the same solution. The solution was then sealed in a falcon tubes of 100 ml with
a magnetic sturrer inserted. The solgel deposition was carried out at 80 °C for 3 hrs. It must be noted
that, if the time period exits above 3 hrs. The SnO, starts increase its particle size. The gel thus
obtained were washed with ethanol and naturally dried in air and then annealed at 450 °C for 1 hr.

In second step, 0.5 gm crystalline SnO, nanoparticles powder was mixed with polyethylene
glycol (0.5 ml), 0.5 ml 10wt% diluted acetyl acetone, one to two drops of triton X-100, 0.5 ml ethanol
and 0.5 ml water while continuous stirring. Slurry was mixed well by continues crushing in the
mortar. The viscosity of the paste was controlled by ethanol and water followed by doctor-blading
onto normal and ITO coated glass substrates using two micrometer thickness scotch tape. These
prepared samples were annealed at 500°C for 1hr for crystallinity improvement. Prior to
characterizations these samples were cooled naturally to room temperature.

3. RESULTS AND DISCUSSION

Fig. 1 shows the XRD spectrum with intense and distinct peaks of SnO; nanoparticles film
deposited onto glass substrate. Observed reflection peaks were coppered with JCPDS (41-1445), and
confirmed the presence of pure crystalline SnO,. No peaks corresponding to tin metal or any other
phase as impurity peaks were identified. The obtained peaks were with characteristic diffraction peaks
of SnO; corresponding to (110), (101), (200), (111), (211), (220), (002), (310), (112), (301), (202), and
(321) reflection planes. The grain size calculated from (110) peak was ~ 15 nm which later was
confirmed from the high resolution transmission electron microscopy (HR-TEM) analysis fringes.
Surface morphological evolution was confirmed from the SEM images recorded at different
magnifications [Fig. 1 b]. The identical SnO; spherical nanoparticles were seen in both photo-images.
This morphology would be interesting for DSSCs due to its larger surface area and relatively smaller
crystallite size. The calculated grain size of the SnO, nanoparticles was comparable to Debye length
which can occupy the space charge region of SnO, completely by controlling its band structure [24].
Thus, the charge transportation should be easy which would reduce the charge recombination rate to
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great extent. The highly porous nature on its surface generally allows maximum dye adsorption for

efficient solar-to-electricity conversion by maximum light harvesting. The EDX study of SnO;
nanoparticles onto glass substrate was carried out for Sn and O elements. The wt. % ratio of Sn and O
was 57:33, confirming the formation of stoichiometric SnO- using this method.
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Fig.1l.a: XRD pattern of SnO, b) SEM analysis c) TEM d) EDAX

In Fig. 1 (c) HR-TEM images of SnO, nanoparticles are also presented. Spherical nanoparticles
of SnOy, consistent to the SEM images, were identical. Nearly 50 nanometer area was considered for
obtaining the reflection fringes. Presence of spotted-lines instead of points or continuous lines has
proved the nanostructure of SnO.. The calculated inter planar 0.41 and 0.39 nm spacing’s were closely
matched to inter planar spacing’s of (110) and (101) reflection planes (0.411 and 0.391 nm),
respectively, of SnO,. Unclear but uniform reflection circles are due to Nano crystalline form of SnO;
as for amorphous metal oxides fuzzy pattern is dominant whereas, dis distinct regular spots are seen in
crystalline metal oxides. The EDAX pattern (Fig.1-d) recorded while TEM analysis has confirmed
existence of Sn and O in 56 and 34 wt% ratio.
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Fig. 2: UV -Vis spectra b) JV curve c) IPCE curve

The UV-visible absorbance spectrum was carried out in order to study optical behavior of the
SnO; electrode as the quantum confinement effect is expected if the semiconductor dimensions
become smaller than the Bohr radius of the exciting, and the absorbance edge will be shifted to the
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higher energy [25]. The absorbance spectrum of pristine SnO- electrode and SnO; electrode after the
dye loading was taken for the analysis. The absorbance edge in case of Pristine SnO; electrode is 515
nm whereas the electrode with N719 dye loaded on its surface shows the absorbance edge at 655 nm
and 695 nm, respectively (Fig.2-a).

The J-V measurement of the SnO, nanoparticles-N719 electrode, prepared by the sol-gel
method, was tested for DSSCs application (Figure 2b). For the measurement, an electrolyte solution
consisting of 15 mL iodide-tri-iodide solution was used. Obtained Vo in the present case was superior
to that of 150 mV reported earlier [26]. The uniformly distributed spherical SnO- nanoparticles could
be responsible for 1.62% conversion efficiency, which is competitive to ZnO nanostructures [27, 28],
one of the widely used metal oxides so far. The SnO, nanoparticles electrode with fill factor
(FF=0.48), current density (Js=6.94), mA/cm?, and (Vo=0.47 V) was certainly inevitable. This is
attributed to porous and nanocrystalline texture of SnO». High surface area and porous nature of SnO-
nanoparticles must be responsible for efficient dye molecules absorbance followed moderate solar-to-
electricity conversion efficiency. Contrary, in spite of high current density, IPCE (Figure 2c) value
was close to 10, indicating that there was dominant recombination either at dye/electrolyte or
conduction band of SnO; (-4.0 vs Normal hydrogen Electrode)/electrolyte interfaces. By surface
engineering monitoring [29] or by using dyes of higher extinction coefficients [30, 31] SnO:
nanoparticles device performance can be increased, which is underway.

4, CONCLUSION

Using sol-gel and doctor blade methods two micrometer thick SnO, nanoparticles electrodes
were prepared onto glass and indium-tin-oxide substrates and explored for structural, optical and
morphological properties and used in DSSCs application. The 57:33 stoichiometry, confirming the
formation of SnO,, for Sn and O elements was obtained from the EDX analysis. Phase confirmation
was also carried out by X-ray diffraction. In spite of weak IPCE value, solar-to-electrical conversion
efficiency of 1.66% was obtained due enhanced optical absorbance caused by N719 dye molecules
adsorption onto SnO; nanoparticles. The IPCE value can be increased either by surface engineering
monitoring or by using dyes of higher extinction coefficients, which is underway.
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ABSTRACT
Ever since the role of vitamin B6 has been established as cofactor of a range of enzymes, Schiff base complex of
one of its vitamers, the pyridoxal (or its phosphorylated derivative) are being studied with increased interest in
order to gain better understanding of its bio-significance. In recent years pyridoxal derived complexes are
finding use in a wide variety of biological processes and therapeutics fueled by their good bio-availability.
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1. INTRODUCTION

Vitamin B6 is the only vitamin essential for the metabolism of vital nutrients like protein, fat
and carbohydrate in many organisms. It exists as six vitamers which are water soluble. These are
pyridoxine, pyridoxal, pyridoxamine and their 5-phosphate derivatives. The activity of 5-
phosphorylated pyridoxal (PLP) as a coenzyme is well established [1]. The transamination,
decarboxylation and racemization reactions catalyzed by enzymes in which PLP exist as coenzyme
depends strongly on the aldehyde group of the PLP molecule. Snell and coworkers had earlier
discovered a non-enzymatic trans-amination reaction between topyridoxaland certain amino acids
leading pyridoxal amine [2]. Subsequently, they also demonstrated that rates of these non-enzymatic
trans-amination reactions could be increased by involving metal ions like Cu (1), Al (111) or Fe (111) in
water at a near neutral pH[3]. This observation signaled at the possibility of formation of a Schiff base
during the reaction and the catalytic role of a Schiff base metal complex formed in-situ in these
reactions. Very recently, Tanaka and coworkers has shown that an enzyme serine dehydrates which
has PLP as a coenzyme involves coordinated zinc in a catalytic reaction [4].

Therapeutic use of Vitamin B6 in rheumatoid Arthritis, Parkinson’s disease and lead
poisoning [5, 6, 7] has been established. It also functions as an antioxidant in fungi [8]. Deficiency of
Vit B6 may lead to colorectal cancer [9]. There has been a large volume of research on the pyridoxal
derived Schiff base complexes of transition metal as these complexes give important insight as to how
PLP containing enzymes work inside the body as well as their structural features. Pyridoxal, being a
biocompatible molecule, its Schiff base complexes are often appreciably water soluble and shows a
variety of biological activities. These complexes have been studied for mimicking enzymes like
peroxidase, superoxide dismutase and phosphatase inhibitor. Interaction with DNA has also been
studied by several research groups. Their cytotoxicity to different human cancer cell lines have shown
promising results. These complexes also had antimicrobial and antioxidant properties. In this review
we have concentrated on the biological activity of recently published pyridoxal based Schiff base
complexes. | have tried to incorporate reports under each of these categories to the best of our ability.
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2. RESULTS AND DISCUSION
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Fig. 1: (a) ligand used for the preparation of complex 1 (b) ligand used for the preparation of
complex 16, (c) ligand used for the preparation of complex 22, (d) ligand used for the preparation of
complexes 84-88, (e) representative structure of the anionic complex 89.

2.1. SOD mimetic property

Sandra Signorella and coworkers prepared a series of pyridoxal derived Schiff bases with
ethylene diamine, propylene diamine and butylene diamine. The bis- Schiff base ligands produced this
way were named as Hzpyrzen, Hopyrapn and Hapyrzbn and their Mn (11) complexes (1-4) were studied
for SOD activity. Complexes were able to catalyze the dismutation of superoxide efficiently with ICsp
values in the range of 1.22-2.15 uM, as measured by the NBT photo-reduction inhibition superoxide
dismutase assay, in water solution at pH 7.8. The length of the alkyl chain in the diamine portion of
ligand plays an important role in the antioxidant activity of these complexes, with [Mn(pyrzpn)
(H20)2] Cl04(3) showing the lowest ICso value [10].

A series of Cu (Il) complexes (5-9) of Schiff base prepared from pyridoxal and aromatic o- halo
amines were tested for SOD mimetic property in the same manner as the earlier set.One of the
complexes showed an expressive ICso of 0.4 uM. In addition, catecholase-like activity and cleavage of
plasmid DNA were also evaluated. The complex bearing iodine substituent with the amine ligand
gave the best results [11].

Reaction of pyridoxal with tris(2-aminoethyl) amine, the tripodal amine, yielded a tripodal
Schiff base ligand, its subsequent complexation with the manganese(I1)(12) was studied by Patricia
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Regina Ebani and coworkers. This complex was also found to catalyze the dismutation of
superoxide efficiently with [Csoequal to 3.38 uM, by standard NBT photo-reduction inhibition
superoxide dismutase assay in water solution of pH 7.8 [12].
2.2. Phosphatase and phosphatase inhibitor property

Senjuti Mondal and coworkers reported a complex (11) which has shown positive response for
phosphatase activity towards 4-NPP (4-NPP=N-Phenethyl-4-piperidinone) substrate.[13]. In order to
evaluate the potential of the two dioxidovanadium(V) complexes as protein tyrosine phosphatase
inhibitors, one a pyridoxal and other a resorcinol based Schiff base complex(14,15), they were tested
towards a panel of tyrosine phosphatases of single concentration of 25 uM. The pNPP hydrolysis by
the phosphatases were measured at pH 7.0 and 37°C.The former complex inhibited more than 70% of
PtpB, YopH and PTP1B activity, but had no effect against PtpA, PTP-PEST and LYP, under these
conditions. Conversely, the latter complex showed a lower inhibition of PTPs activity, inhibiting less
than 40% of enzyme activity as reported by Josieli D. Siqueira [14]

2.3. Antibacterial and anti-microbial activity

Pseudomonus aeruginosa bacterial infection may cause pneumonia and septic shock in human
beings. The virulence of such an infection is controlled by a quorum sensing regulatory system. A
pyridoxal lactohydrazone Schiff base was found to be effective in inhibiting quorum sensing related
virulence factor of the bacteria [15].

Schiff base ligand prepared from pyridoxal and 3, 4-diaminopyridine was used as a tetradendate
ligand in dianionic form to prepare Cu (Il) and Zn(ll) complexes(16,17) . The structure of the
complexes was explored using spectral and density functional theory calculations. The Schiff base
and the complexes were found to have antibacterial properties [16]. Schiff base prepared by pyridoxal
and 4-amino pyridine an used as a bidentate ligand to prepare complexes Mn(ll), Cu(ll) and Zn(II)
(18, 19, 20). These complexes were studied for antibacterial activity [17]

2.4. DNA binding and molecular docking properties

Rajendran Manikandan and coworkers found that substitution (CHz or C¢Hs) on terminal N(4)-
nitrogen of thiosemicarbazone had an influence on the potential binding and cleavage ability with
DNA and binding of BSA (bovine serum albumin)(21,22)[18].Tirtha Mukherjee and coworkers
studied a few first transition metal complexes which were found to be classical grove binders to DNA
and also got bound to HSA(human serum albumin)(23, 24, 25)[19].Another set of Cu(ll) complexes
(26-30)were found to be good binders to DNA and HSA[20]

A ligand prepared from pyridoxal and p- nitro benzyl ethylene diamine, which is optically
active in nature, was employed for preparation of a oxovanadium (1V) complex(31).This complex was
found to be able to cleave the supercoiled plasmid DNA, pBR322 DNA. This was also observed that
the oxovanadium (IV) complex performed better than VOSQ, in its DNA cleavage property[21].

In keeping with the recent developments in metallo-pharmaceuticals, vanadium complexes of Schiff
base ligands derived from p-substituted aromatic benzohydrazides (OH, CHs, H, NO2, and NH,)
and pyridoxal hydrochloride were prepared (32-36). For therapeutic application, the complexes
must be able to bind with DNA and HSA. The molecular docking studies were performed on these
five complexes for their interactions with calf thymus deoxyribonucleic acid and human serum
albumin by spectroscopic assays and molecular docking calculations [22].

Ni(ll) nitrate complexes with pyridoxal-semi, thiosemi, and isothiosemicarbazone ligands
(INi(PLSC)(H20)s]-2NO3" , [Ni(PLTSC). ]-2NO3™ -H20, and [Ni(PLITSC)(H20)s ]-2NOs") (37-39)
were prepared and Human Serum Albumin (HSA) and the DNA-binding properties of these complex
cations were measured by molecular docking simulations. It was observed that the presence of water
molecules and various substituents affects the thermodynamics of the processes [23].

2.5. Cytotoxicity studies

Photocytotoxicity in visible light for Copper (Il) pyridoxal Schiff base complexes
[Cu(Li/L2)(B)]CIO4((40-43)). Here HL: is  4-(((2-(1H-imidazol-4-yl)ethyl)imino)methyl)-5-
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(hydroxymethyl)-2-methylpyridin-3-ol ( in 40,41), HL; is 2-(((2-(1H-imidazol-4-yl)ethyl)imino)
methyl) Phenol ('in 42, 43), B is 11-(9-acridinyl)dipyrido[3,2-a:2’,3"-c]phenazine (acdppz) (in 40 and
42), dipyrido [3,2-a:2’,3'-c]phenazine (in 41) and 1,10-phenanthroline (in 43). Among these
complexes Phenol ligated complexes showed significant photocytotoxicity in visible light for HelLa
and MCF7 cells reaching 1Csp value of <0.6 uM, while being relatively non-toxic in dark[24].Another
set of Cu(ll) complexes(44-49) were good binders to DNA and HSA ad were cytotoxic towards
MCF-7 breast and CF prostate cancer cell lines as well[25].

Iron(l11) complexes of Schiff bases prepared from dipicolylamines and pyridoxal or
salicylaldehyde, namely, [Fe(B)(L)](NOs3) (50-54), where B is phbpa in 50, anbpa in 51, 53 and pybpa
in 52,54(H.L* is3-hydroxy-5-(hydroxymethyl)-4-(((2-hydroxyphenyl)imino)methyl)-2-methyl
pyridine and HoL? is 2-[(2-hydroxyphenyl-imino)methyl]phenol), were prepared and their uptake in
cancer cells and photocytotoxicity were studied in a publication in Inorganic
chemistry. Complexes 51 and 52 showed photo-cytotoxicity in a remarkable way in various cancer
cells with ICso values of 0.4 to 5 uM. The cytotoxicity in dark was 10 fold lower. Light exposure
caused formation of reactive oxygen species.The cell death progressed through apoptotic pathway The
non-vitamin complexes 53 and 54 were comparatively much lower cytotoxic (3-fold lower photo
cytotoxicity) than vitamin B6 counterparts, possibly due to faster uptake of the vitamin B6 based
complexes inside the cancer cells. Complexes 51 and 52 show significant uptake in the endoplasmic
reticulum, while complexes 53 and 54 are distributed throughout the cells without any specific
localization pattern [26]. Penta coordinated diorganotin(IV) complexes(55-68) derived from pyridoxal
hydrochloride and 4- or 5-R-substituted ortho-aminophenols were prepared and cytotoxic activity of
all complexes against human cell lines U-251 (glioblastoma), K-562 (chronic myelogenous leukemia),
HCT-15 (human colorectal cancer), MCF-7 (human breast cancer) and SKLU-1 (non-small-cell lung
cancer) were evaluated. The inhibitory percentage values indicated better activity than standard
chemotherapeutic drug cisplatin[27].A Vanadium (IV) complex PyrenV(IV) (69) evaluated for
cytotoxicity was able to induce 93% and 57% of cell mortality in A375 (human melanoma) and A549
(human lung carcinoma) cells, respectively; the mortality was <24% in other studied cell lines and in
human normal epidermal keratinocytes, lung cells and peripheral blood mononuclear cells[28].Cu(ll)
complexes with pyridoxal S-allyl dithiocarbazate and pyridoxal thiosemicarbazones were prepared
and one of them studied for cytotoxicity(70-74). The Hoechst 33342/PI dual-staining assay showed
the typical apoptotic morphology of cancer cells, and the RT-gPCR analysis revealed that the
expressions of Bax, Casp3, Casp8, Casp9 and TP53 were markedly increased in both the Ehrlich
and S-180 cells exposed to 10 uMcomplex for 3 h. According to these results, this complex induces
cell death through apoptosis, showing potential as a future drug against cancer [29].

Four vanadium complexes (75-78) and a molybdenum complex (79) of pyridoxal hyrdrazone
ligand were evaluated for cytotoxicity against lung cancer cell line (A549 cell line). It was found that
after 48 hours 77 had the lowest ICso value, 65.32 £ 9.95 uM and compound 78 had the highest value.
(75.28432.09uM).In-vivo studies in the zebrafish model was performed on compounds 77,
78 and 79 revealed that the molybdenum complex showed higher toxic effects than the others [30].

Fe, Co, Ni, Cu complex es of pyridoxalthiosemicarbazide (80-83) were investigated for DNA
and BSA binding capacity. The copper complex showed highest interaction with proteins. When
cytotoxicity of these complexes were studied with HCT116, A375, MCF-7, A2780, and MCF5 cell
lines, it was found that the copper complex induced the highest toxicity[31].

Schiff base (H:L) obtained by the condensation of pyridoxamine with pyridoxal and its
novel copper(ll) and oxovanadium(lV) complexes: [Cu(HL)CI] (84), [Cu(LH2)(phen)]Cl. (85),
[Cu(LHz)(amphen)]Cl. (86), [V'VO(HL)CI] (87), and [V'VO(LH:)(phen)]Cl. (88), (phen= 1,10-
phenanthroline and amphen=5-amino 1,10-phenanthroline).The Cu(ll) complexes (84 and 85)
hindered cell viability of human osteosarcoma cell line (MG-63) (ICso values of 3.6 + 0.6 and 7 £+
1.9 uM for 84 and 85), while 86 and the V'VO complexes (87,88) had no anticancer property [32].
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2.6. Other biological activities

Liniquer Andre Fontana and coworkers examined the peroxidase activity of Ni (1)
complexes of Schiff base ligands prepared from pyridoxal] (89-91). With these complexes
accelerated reactions, solution stability and high selectivity of the peroxidase mimetic reaction was
observed [33]. Antioxidant activity of Vanadium (1V), Mo (VI)/(1V) and Ru (1) complexes (92-98)
by DPPH were tested. The results obtained revealed that the scavenging activity of the complexes
towards DPPH is high for the oxovanadium (1) complexes as evident by lower 1Cso values. The
scavenging activity is comparable to ascorbic acid as a standard antioxidant. The
ECso concentration ratio together with other antioxidant parameters also support the results[34]
Two series of pyridoxal Schiff base complexes of Co(lll) with aniline containing thioether function
one is [Co"(LnC)(LOC)] (n = 1-4, 99-102) with a LnC ligand and another ligand formed in-situ
(LOC) and the other is [Co"!(LnC),]PFs (n = 1-4, 102--105).The complexes were evaluated by in
silico calculations on viable biological targets one among them being severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2).Results suggested that all the inorganic complexes under
study are potential anticancer/antiviral agents; however, 102 and 105 are the best candidates for
future in vitro assays[35].

5. CONCLUSION

Schiff base complexes are generally has appreciable water solubility. Pyridoxal Schiff base
ligands bearing the Vitamer performs better in this regard. This is why complexes of these ligands
show high bioavailability and hence can be utilized for a range of biological activities. With the
understanding obtained about their structure-function relationship, improved structural design of
these complexes will lead to more therapeutic application in future.
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ABSTRACT

In the modern era of low carbon policies, nuclear energy has certain benefits over conventional energy sources.
Nuclear energy, generated by the nuclear reaction process in reactors is a complex one. At present, the fifth
generation of computers having ultra-large-scale integration (ULSI) technology along with artificial intelligence
(Al) is being increasingly used in nuclear physics to accelerate research, improve data analysis, and develop
new technologies. The studies of nuclear reactions with advanced statistical based computer codes provide the
details of the dynamical processes resulting in scattering or transmutation as well as the richness of advanced
nuclear data. Apart from other reaction mechanisms, complete fusions (CF) along with incomplete fusion (ICF)
are some of the dominant modes of reactions induced by heavy ion (HI) at the low/medium energy range < 7
MeV/nucleon. The dynamics of these processes may be explained quite well by the optical model of nuclear
reactions. The estimation of fractional incomplete fusion in a reaction system induced by HI depends on
theoretical excitation functions in some experimental techniques in keeping with offline measurements of
excitation functions. These theoretical excitation functions are predicted by statistical model-based computer
codes with ULSI technology using optical model potential (OMP) parameters to calculate the reaction cross
sections. With a slight alteration in the selection of OMP parameters may affect the depth of nuclear potential as
well as its shape. Further, this change in potentials influences the shape elastic scattering and the reaction
probabilities, which in turn, alters the theoretical differential reaction cross-sections predicted by statistical code.
The OMP parameters for Hl-induced reactions are not universal, and distinct sets of these parameters may be
utilized for various spans of mass number A and incident energy E. For all reaction systems, a solitary set of
OMP parameters is insufficient. The study of the dependence of nuclear reaction dynamics on the parameter
systematics of emitted particles in the shell of statistical model based advanced fifth-generation computer codes
has been described in this chapter.

Keywords: ULSI technology, HI induced nuclear reactions, OMP parameters

1. INTRODUCTION

The mysterious and highly dense entity, the nucleus, carries almost all the mass of the atom =
99.95% but occupies an extremely tiny space inside the atom. One way of getting the hidden features
and information of the nucleus is through the comparative study of experimental results with proposed
theoretical models i.e. the study of nuclear reactions between desired nuclei under appropriate
experimental conditions. These statistical models are the highly idealized version of a nuclear reaction
system. Computer codes are used to implement statistical models of nuclear reactions. These codes
are used to calculate the reaction cross-sections of nuclear reactions for a broad range of incident
particles and target nuclei.

Fifth-generation computers can handle the vast amounts of data required to study nuclear
reactions. They are also able to run complex simulations of nuclear reactions, which will help
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scientists to better, understand how these reactions work. ULSI technology [1] allows fifth- generation
computers to be built with millions of transistors on a single chip. This makes them much faster and
more powerful than current computers, which allows them to handle even the most demanding
nuclear reaction simulations. Together, fifth-generation computers and ULSI technology revolutionize
the study of nuclear reactions. They allow scientists to study nuclear reactions in much greater detail
than ever before, and they will help us to develop new nuclear technologies. Fifth-generation
computers are heavily reliant on Artificial intelligence (Al) [2, 3], which are used to automate tasks,
improve decision-making, and interact with humans more naturally. Al is being used to develop new
models of nuclear reactions that can be used to simulate the behavior of nuclear matter under extreme
conditions.

2. STATISTICAL MODEL

The initial and final stages of the nuclear reaction processes are well described, but the picture
of the complex mechanism of the process throughout the interaction period is not well described. In
order to characterize such a phenomenon, there is a need for theoretical models. To explain the
mysterious reaction mechanism, various simplified theories and models have been proposed in the
present literature. These statistical models are the highly idealized version of a nuclear reaction
system and an alternative method to describe the nuclear reaction in terms of two body interaction that
encapsulates a set of statistical assumptions about the data-gathering process. As a function of incident
energy or the energy of the residual nucleus and the angles at which the emitted particles are
measured, statistical models provide the absolute values of reaction cross-sections. Some of the
nuclear reaction models put out in the literature include the compound nucleus model, optical model,
direct reaction model, and pre-equilibrium model.

3. OPTICAL MODEL

In the optical model, a potential is used in place of the incident particle and nucleus interaction.
Instead of many bodies problem, the interaction process resembles a two-body problem. Bethe and
several others first proposed the idea of replacing the target nucleus with a square potential well in the
year 1935 [4, 5]. As the reaction cross sections predicted by this model appeared to be too small, it did
not provide a satisfactory fit to the experimental results. To resolve this discrepancy, Woods & Saxon
replaced the square well with the complex spherical potential [6], given as

W=V, i)l +expl(r-R) a}]'"
I'he complex optical potential is, generally, represented as [7]:

"U(r)=V. =¥Ff(x)+| 1 mlil - f(x,) :;(H/u,, )4, - f(xp) |"

|
m.c ) rdr dx,,

Where symbols have their usual meaning.

The optical model delineates the interaction between the incident projectile and the target
nucleus which is treated in analogy to the transmission of light through a partially absorbing medium.
The OMP parameters of the optical model are used to compute the transmission coefficients (TCs) for
emitting particles: neutron, proton, and alpha particles in Hauser-Feshbach statistical theory and are
used for the statistical predictions of cross-sections of reaction for evaporated residues of reaction
systems by statistical model-based computer codes. In general, nuclear reaction computer codes are
based on the statistical compound reaction mechanism of the fusion of heavy ions.

4. COMPUTER CODES

Computer codes based on theoretical models are needed for advanced nuclear physics and
nuclear data to describe the various features of the nucleus and nuclear reaction dynamics. Nuclear
processes involved in the astrophysical field, an extension of the periodic table by the synthesis of
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super-heavy elements, etc. demand huge nuclear data with wide ranges of energies and mass numbers.
Data for the stable nuclei under appropriate conditions can be obtained directly via experiments.
However, the nuclear data for the targets far from the stability may not be measured directly.
Statistical models of nuclear reactions provide the only way to estimate the different data values for
such cases, as with the use of nuclear-model based predictions, data can be generated for wide energy
ranges and important channels, for which experimental data are not available. In the existing
literature, various computer codes are available to describe the decay process of excited nuclei in Hl
induced nuclear reactions. Some of them are ALICE, GNASH, EMPIRE, TALYS, PACE4, and
CASCADE. Present work has been analyzed within the frame work of code PACEA4.

In order to calculate the TCs using Hauser-Feshbach calculations, code PACE4 [8] by default
uses phenomenological OMP parameter systematics. The potential provided by Wilmore and
Hodgson [9] is utilized as the neutron potential. For proton, the potential given by Becchetti-
Greenlees [10] is used as an inbuilt parameter in PACE4, which is appropriate for medium weight
nuclei with an intermediate range of incident energy. Fixed OMP parameters for alpha-particles has
used in PACE4 provided by Huizenga [11].

The combination of above mentioned sets of OMP parameter systematics for nucleons and a-
particles has been utilized to predict the theoretical reaction cross-sections by code PACE4 in a
default manner, generally for almost all the reaction systems of different targets & projectile
combinations and incident energy ranges in the existing literature, although, a sole set of OMP
parameter systematics might not be sufficient for the whole span of mass numbers of targets and the
entire span of projectile energies. The OMP parameters systematics is not unique, they are
phenomenologically determined from elastic scattering fittings having various kinds of ambiguities.
Several sets of phenomenological OMP parameter systematics have been published in the literature
for distinct spans of mass numbers of targets and broad ranges of incident energies [7]. Although, some
global parameterizations of the nucleon-nucleus OMP have also been reported in the literature for a
broad range of mass numbers and low/intermediate energies for (n, n) and (p, p) type reactions by
Varner et al in 1991 [12] and A. J. Koning et al in 2003 [13]. These global OMP parameter sets are
not appropriate choices for complex HI induced reaction systems. For nucleus-nucleus optical model
potentials in HI induced nuclear reactions, global parameterization is still a topic of research.

5. RESULT AND DISCUSSION

The OMP parameter systematics for heavy targets and incident energies well above the
Coulomb barrier may not be the same as for light targets and low energies. The OMP parameters for
proton described by J.J.H. Menet et al in 1971 [14] may be more accurate in the higher energy range of
incident particles and wide range of target mass numbers, A > 100. The changed OMP parameter
systematics for proton, using systematics given by J.J.H. Menet et al in the place of systematics given
by Becchetti-Greenlees, may be used for the prediction of theoretical EFs of ERs populated in a
reaction system, for example, the system *2C + ¥Ho [15] and the impact of this change on the reaction
dynamics may analyze by observing the change in predicted theoretical EFs. The reaction system 2C +
1®5Ho is induced by Carbon-12 and has a heavy target Holmium- 165 with mass number 165 (A >
100). The experimental data of excitation functions for numerous populated evaporation residues (ER)
during interaction of system 12C + 1%°Ho is already available in the literature [15], which have been
measured experimentally by utilizing the activation technique at the energies 55, 62, 71, and 80 MeV.
The available experimental data of reaction cross-sections has been analyzed theoretically by the code
PACE4 at the above mentioned energies along with the predictions at some more energy points to get a
clear analysis. It is important to note that PACE4 ignores ICF channels and pre-equilibrium (PE)
channels when predicting theoretical cross-sections and only considers complete fusion channels.

By comparing existing experimental EFs with corresponding theoretical EFs predicted by code
PACE4 using various sets of parameters of optical model potential, it has been possible to analyze the
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effects of variations in these parameters on the predictions of statistical cross sections and,
consequently, their impact on the contribution of ICF in the reaction system *2C + 1%*Ho. Various sets
of OMP parameter systematics other than the default set have been formed by using OMP parameter
systematics for proton described by J.J.H. Menet et al [14] instead of systematics given by Becchetti-
Greenlees [10] for proton. Systematics given by Wilmore and Hodgson [9] used as the potential for
neutron and systematics given by Huizenga [11] for a-particles have been taken the same for all sets
of OMP parameter systematics. Comparative study between experimental existing data of EFs of
populated ERs for multiple neutron and proton emitting channels (xn and pxn channels) of reaction
system 2C + 1%Ho and theoretical EFs predicted by PACE4 using distinct sets of OMP parameters has
been analyzed. Out of various sets of OMP parameters, which one set gives a good agreement between
the experimental and theoretical EFs for multiple neutron and multiple neutron-proton channels that
set becomes the proper or appropriate choice of OMP parameters for the reaction system 2C + %Ho.
The fair agreement between the experimental and theoretical EFs for x, and px» channels indicates that
these channels are populated due to complete fusion.

The resulting proper choice of OMP parameters for reaction system 2C+%°Ho is used for
predicting theoretical EFs, corresponding to alpha and two alpha (a and 2a) emitting channels with
multiple emission of neutrons, and then estimating the corresponding strength of ICF of the system.
By comparing the existing experimental cross sections to the predicted theoretical cross sections of
the alpha and two alpha emitting channels with additional emission of one or more neutrons (oxn and
2axn channels), the ICF fraction of the reaction system may be extracted in certain experimental
techniques in keeping with offline measurements of excitation functions (EFs). As a result, in some
methodologies, the theoretical predictions produced by the statistical model are an essential
component in the calculation of the ICF percentage for specific chosen systems. It has been found that
the strength of the ICF varies with the increasing value of beam energy. The major contribution of the
production of ERs corresponds to a and 2a emitting channels comes from the ICF of carbon-12 with the
target Ho-165 nuclei. Here, 2C may break up into Be and a-fragment and only one part of the broken
fragment fuses with the target nucleus leaving the remaining part of the projectile as a spectator.
Fig.1: Sum total of the theoretically computed cross-

E C ' R 1  sections of all channels other than xn/pxn channels

'k Frr * % nepun i 3 (o1e- Zoxmp) OF the reaction system 2C + %5Ho

3 - 3 predicted by PACE4 utilizing Set-1 as well as

-’g ) gg ' modified Set-2 of OMP parameters.

S 10k —6 - The impact of variations in OMP parameter
Set-1 cal systematics can be analyzed by the study of the sum
T A e 1 total of all the theoretically computed cross sections
34 A0 A3 I AR 48 ¥ A other than multiple neutrons and multiple neutron-
- i proton channels (6TF- Xoxn+pxn), which is actually

Fig.1 ° the sum total of the theoretically computed by cross

Sections for axn and 2axn channels, predicted by the PACE4 using two sets of the OMP parameters,
“Set-1” with Becchetti-Greenlees systematics for proton, and “modified Set-2” with systematics given
by Menet et al for proton. For the selected system 2C + 1*Ho, it has been discovered that alternation
in the OMP parameters makes a difference in the sum total of the theoretical cross sections of oxn and
2axn channels by around 10% to 30% [16].

5. CONCLUSION

The nuclear interaction potentials are the keys to understanding the complex fusion processes.
The dynamics of these processes may be explained quite well by optical model of nuclear reactions.
Alternations in these parameters significantly make differences in the theoretically computed cross-
sections anticipated for a variety of channels, which in turn alters the estimated fractional incomplete
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fusion. The OMP parameter systematics affects the end results of the theoretical predictions of the
interaction process in the case of HI induced nuclear reactions to an appreciable extent. Comparative
analyses of experimental data with the corresponding theoretical predictions created by statistical
model-based computer code with ULSI technology utilizing distinct sets of OMP parameters can be
used to determine the effects of alterations of the OMP parameters on the theoretical predictions. The
estimated ICF fraction of the reaction systems is also affected by the developed systematics and hence
this systematics need to be deeply studied. Large trials involving the computer code PACE4, Al of
fifth-generation computers, and ULSI technology revolutionize the study of nuclear reactions. They
allow scientists to study nuclear reactions in much greater detail and help to develop new nuclear
technologies. This information can then be used to improve the design and operation of nuclear
reactors.
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ABSTRACT

Investigation of dielectric properties of, Ti-Zn doped CoFe,O4 spinel ferrite with the formula NiFe2.oxTixZnxO4
(x = 0.00, 0.05, 0.10, 0.15 and 0.20) were synthesized by using well-known standard sol-gel auto combustion
synthesis method. The X-ray diffraction technique was used to investigate the crystal structure for the
determination of structural morphological parameters. After the confirmation of the samples, then it is used for
the study of dielectric properties with varying frequencies from 20Hz to 1MHz with the help of an LCR-Q
meter. Dielectric properties vary with frequency because of the way dipoles reverse direction. The dielectric
constant (g'), dielectric loss (¢'") and dielectric loss tangent (tan 3) by measuring the capacitance 'C' using the
LCR-Q meter at room temperature and as a function of frequency was calculated and this dielectric analysis can
help characterize materials and understand their electrical behavior. This can help with their potential
applications in electronics and energy conversion.

Keywords: Sol-gel method, X-ray diffraction, dielectric constant, dielectric loss, dielectric loss tangent.

1. INTRODUCTION

Nanocrystalline magnetic ferrites have recently attracted a lot of attention due to their wide
range of technical applications in various fields, such as magnetic fluids for information storage [1],
ferrofluids [2], magnetic-driven drug delivery [3], sensors [4], catalyst [5], and magnetic resonance
imaging enhancement [6]. The chemical, electrical, mechanical, structural, and magnetic properties of
ferrite nanoparticles are special and have a range of promising technological applications in high-
density recording equipment, color photography, ferrofluids, high-frequency devices, and magnetic
refrigerators [7]. The tetrahedral (A) and octahedral (B) interstitial sites in the crystal structure of
spinel ferrite are where cations of different valences and types can be accommodated depending on
their site preference energies. Cations with higher radii often occupy the tetrahedral A site, whereas
those with lower radii typically occupy the octahedral B site. Since the previous eight decades, several
researchers from various laboratories have been studying spinel ferrite for a variety of uses [8].

Spinel ferrite was synthesized throughout the past several decades using a variety of
techniques, and its structural, electrical, dielectric, and magnetic characteristics were optimized by
adding several dopant ions [9-10]. The characteristics of spinel ferrite can be significantly tailored by
incorporation of divalent or trivalent cations [11]. Additionally, doping of tetravalent ions is
promising to enhance the electrical and magnetic characteristics of bulk spinel ferrite. Due to their
exceptional characteristics, which differ from those of bulk spinel ferrites, nanocrystalline spinel
ferrites have become increasingly important as nanoscience and nanotechnology have advanced in
recent years. Greater chemical stability, a high surface-to-volume ratio, and ease of preparation at low
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cost and temperature are all characteristics of nanocrystalline ferrites. Nanocrystalline ferrites are
found beneficial in many applications, including sensors, catalysts, targeted medication delivery,
hyperthermia, water purification, etc. because of these exceptional features [12]. They draw the
attention of numerous researchers because of their multifunctional qualities.

Thus, this chapter focuses on the synthesis, structural, and dielectric behavior of Ti*-Zn?" co-
substituted nickel ferrite (NiFe.04) nanoparticles with the composition given as NiFe2.oxTixZnxO4 (X =
0.00, 0.05, 0.10, 0.15 and 0.20).

2. EXPERIMENTAL DETAILS
2.1. Materials

Nickel nitrate [Ni (NO3),-6H20], ferric nitrate [Fe (NOs)2: 9H,0], zinc nitrate [Zn (NOs).:
6H.0], titanium tetra-butoxide (Ti (OCH,CH>CH,CHs)s), citric acid [CeHsO7-H.QO], ammonia
solution [NHs.H2Q], acetone, and distilled water were used as a primary chemical. All chemicals used
were of analytical grade (AR grade) and the solutions were prepared with distilled water.
2.2. Synthesis of NiFez.«TixZnxO4 Nanoparticles

A well-known sol-gel procedure was adopted for the preparation of NiFes.oxTixZnxO4
nanoparticles in which nickel nitrate [Ni (NOs).-6H.0], ferric nitrate [Fe (NOs),- 9H,O] and zinc
nitrate [Zn (NOs)2- 6H-0], titanium tetra-butoxide were used as a raw material. All the nitrates were
dissolved together in a minimum amount of distilled water to get a clear solution. The citric acid was
used as a fuel. The citric acid to nitrate ratio was considered to be 1:3. An aqueous solution of citric
acid was mixed with a metal nitrate solution. The solution was transformed into a sol and then a gel
was formed by evaporation of the water (condensation reactions). The ammonia solution was slowly
added to maintain the pH at 7 of the mixed homogeneous solution. The temperature after the gel
formation is increased to 120°C. At this temperature, the gel gets burnt converting into fine loose
powder of NiFezxTixZNnxO4 nanoparticles. The resultant’s as obtained nanoparticles were annealed at
650°C for 4 h to remove the moisture and impurity if any present in the sample.
2.3. Characterizations

The structural properties were studied by characterizing the samples by X-ray diffractometer
using CuK, (A = 0.15418 nm) radiation in the 20 range of 20° to 80°. The dielectric properties were
studied with varying frequencies from 20Hz to 1MHz with the help of an LCR-Q meter

3. RESULTS AND DISCUSSIONS
3.1. X-ray Diffraction (XRD) Analysis

The X-ray diffraction pattern of NiFexxTixZnxOs (typical sample x = 0.00 and 0.05)
nanoparticles was used to investigate the crystal structure for the determination of structural
morphological parameters as shown in Fig.1(a) and Fig.1(b).

S S LN L) w08
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E E 1
20 w0 :a '.'n o.'n 0 N0 20 10 4'0 50 o 70 N
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Fig. 1: (a) XRD pattern of NiFexxTixZnxO4 (X Fig.1: (b) XRD pattern of NiFexxTixZnxO4
= 0.00) nanoparticles (x = 0.05) nanoparticles
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Using an X-ray diffractometer (XRD), the prepared nanoparticle samples in powder form
were utilized to examine the structural characteristics. All of the prepared samples are well
crystallized, as evidenced by the well-defined, sharp, and strong diffraction peaks that emerge in the
XRD patterns. For each composition, the XRD pattern displays the diffraction peaks (220), (311),
(222), (400), (422), (511) and (440). Lattice constant of the prepared series was given in Table 1.

Table 1: Lattice constant of NiFexxTixZnxO4 (x = 0.00, 0.05, 0.10, 0.15 and 0.20) nanoparticles.

Composition (x) 0.00 0.05 0.10 0.15 0.20
a(A) 8.327 8.338 8.352 8.357 8.365

The formation of a single-phase cubic spinel structure is demonstrated by the presence of all
these peaks in the XRD pattern. The absence of any other peaks in the XRD patterns demonstrates the
exceptional purity of the prepared samples. Similar results on nickel ferrite nanoparticles are reported
in the literature [13-14].

3.2. Dielectric Analysis

The dielectric properties for the present NiFe2.2xTixZnxO4 (X = 0.00, 0.05, 0.10, 0.15, and 0.20)
nanoparticles can be explained based on the mechanism of the polarization process in ferrite
nanoparticles. The dielectric properties of all the samples of NiFe2TixZnxO4 (x = 0.00, 0.05, 0.10,
0.15 and 0.20) nanoparticles were studied in the present work by determining the dielectric constant
(g"), dielectric loss (¢'") and dielectric loss tangent (tan &) by measuring the capacitance 'C' using the
LCR-Q meter at room temperature and as a function of frequency.
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Fig. 2: Dielectric constant plot of Fig. 3 Dielectric loss plot of
NiFe .« TixZnxO4 (x = 0.00, 0.05, 0.10, 0.15, NiFe2xTixZnxO4 (x = 0.00, 0.05, 0.10, 0.15,
0.20) nanoparticles 0.20) nanoparticles
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Fig. 4: Dielectric loss tangent plot of NiFe,«TixZnxO4 (x = 0.00, 0.05, 0.10, 0.15, 0.20)
nanoparticles
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The variation of dielectric constant (¢") with applied frequency for all NiFe.oxTixZnxO4 (X =
0.00, 0.05, 0.10, 0.15, and 0.20) nanoparticles samples was observed as shown in Fig. 2. It is observed
from Fig. 2 that the dielectric constant decreases continuously with increase in frequency for all the
samples followed by a frequency independent behavior. The plot illustrates that the dielectric constant
decreases with an increase in frequency and reaches the constant value at higher frequencies. The
decrease in dielectric constant with an increase in frequency may be due to the relaxation of the
electrical dipole. At higher frequencies, the relaxation process ceases due to the short time. In the X-
band frequency range, all materials showed a gradual increase and decrease in permittivity. Fe?* ions
play an important role in the high-frequency permittivity of ferrite materials [15]. It is observed that
the dielectric constant is high in the range of low frequency and it decreases with frequency. The
reason for the high value of the dielectric constant at low frequencies may be due to dislocations,
voids, and defects present in the crystal structure of nano ferrites. The decrease in dielectric constant
with increasing frequency is because at higher frequencies any effect contributing to polarization is
found to show lagging behind the applied field. When the frequency is increased beyond a certain
frequency limit, the electron hopping cannot follow the electric field fluctuations and causes a
decrease in the dielectric constant. At high frequencies, the value of the dielectric constant is low
because it comes from the grains having a small value of dielectric constant due to low resistivity and
becomes less dependent on frequency. The observed variation of dielectric constant with frequency
can be attributed to the space charge polarization, which is due to an inhomogeneous dielectric
structure as discussed by Maxwell and Wagner and is in agreement with Koop’s phenomenological
theory.

The variation of dielectric loss as a function of frequency is shown in Figure Fig. 3. It can be
observed from Fig.3 that dielectric loss (g") decreases exponentially with increase in frequency. The
dielectric loss (&") factor is considered to be the most important part of the total core loss in ferrites.
The decrease in dielectric loss is almost similar to that of the dielectric constant. The decrease in the
imaginary part of the dielectric constant i.e. dielectric loss is pronounced more in comparison to the
real dielectric constant. The values of dielectric loss depend on several factors such as Fe?* contents,
structural homogeneity, and stoichiometry, which in turn depends on the synthesis methods and
composition. The dielectric loss tangent (tan) is a function of frequency calculated from the dielectric
constant and dielectric loss. The variation of dielectric loss tangent is shown in Fig. 4 which shows an
exponential decreasing trend with increasing frequency. The observed behavior of dielectric loss
tangent can be explained based on Maxwell-Wagner interfacial polarization. The values of tan &
depend on several factors such as carrier concentration and structural homogeneity. The
compositional dependence of various dielectric parameters such as dielectric constant, dielectric loss,
and dielectric loss tangent shows that all parameters decrease as Ti-Zn content X increases.

4. CONCLUSION

The Ti**-Zn?* co-doped nickel ferrite nanoparticles with compositions as NiFez-2xTixZnxO4 (X =
0.00, 0.05, 0.10, 0.15, and 0.20) were successfully prepared using sol-gel auto combustion method. X-
ray diffraction data revealed the pure phase formation with cubic spinel structure for all the
compositions. The dielectric properties show a decreasing behavior with increasing frequency at room
temperature. The co-doping of Ti**-Zn?* ion leads to a fascinating change in the properties of nickel
ferrite nanoparticles which can be useful for many technological and industrial applications.
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ABSTRACT

Ferrites are an essential class of magnetic materials widely used in electronic, biomedical, and industrial
applications due to their excellent electrical and magnetic properties. Various preparation methods have been
developed to tailor their structural, morphological, and magnetic characteristics. This paper provides a
comprehensive overview of the key synthesis techniques for ferrites, including solid-state reaction, sol-gel, co-
precipitation, hydrothermal, and microwave-assisted methods. The sol-gel and co-precipitation methods offer
better control over particle size and composition at lower temperatures. The choice of synthesis route
significantly influences the final properties of ferrites, making method selection crucial for specific applications.
This review highlights recent advancements and emerging trends in ferrite preparation, providing insights into
optimizing synthesis techniques for enhanced performance in various technological fields.

Keywords: Ferrites, Synthesis methods, Solid-state reaction, Sol-gel, Co-precipitation, Hydrothermal,
Microwave-assisted synthesis, Magnetic materials.

1. INTRODUCTION

Ferrites are a significant class of ceramic materials with remarkable magnetic, electrical, and
optical properties, making them essential in various technological applications. These materials,
primarily composed of iron oxides combined with other metal oxides, exhibit a spinel, hexagonal, or
garnet structure, which governs their physical and chemical behavior. Ferrites are widely employed in
electronics, telecommunications, biomedical applications, and energy storage systems due to their
high resistivity, excellent magnetic properties, and low eddy current losses.

The synthesis of ferrites is a critical step in tailoring their structural, morphological, and
magnetic properties to suit specific applications. Over the years, several preparation methods have
been developed, each offering distinct advantages and challenges. Traditional and modern synthesis
routes influence the phase purity, particle size, crystallinity, and overall performance of ferrite
materials. The most commonly employed techniques for ferrite synthesis include the solid-state
reaction method, sol-gel method, co-precipitation technique, hydrothermal synthesis, and microwave-
assisted synthesis, among others. Each of these methods affects the material’s final properties,
impacting its usability in various applications.

The solid-state reaction method is a conventional approach widely used in large-scale
production due to its simplicity and cost-effectiveness. However, it requires high-temperature
processing, which may result in grain growth and reduced control over particle size. In contrast, wet
chemical methods such as sol-gel and co-precipitation offer better control over homogeneity, purity,
and fine particle size, making them suitable for advanced technological applications. Hydrothermal
and microwave-assisted methods have gained attention for their energy efficiency, shorter reaction
times, and improved control over particle size and morphology.
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Understanding the influence of different synthesis methods on ferrite properties is crucial for
optimizing their performance. This paper provides a comprehensive review of the preparation
techniques used for ferrite synthesis, highlighting their principles, advantages, limitations, and
applications. The discussion aims to offer insights into selecting appropriate synthesis routes based on
the desired material properties and application requirements. Additionally, recent advancements and
emerging trends in ferrite synthesis are explored to provide a futuristic perspective on this evolving
field. By examining the diverse preparation methods of ferrites, this paper aims to guide researchers
and industry professionals in optimizing synthesis techniques for improved material performance and
broader technological applications.

2. BRIEF SURVEY ON THE SYNTHESIS OF HIGH-DENSITY FERRITE
Ferrites are synthesized by many researchers, and for this, they use several methods such as

1. Ceramic method [1,2]

2. Chemical method [3,4]
These methods are classified depending nature of the final product,

1. Ceramic methods which were suitable for conventional powder.

2. Precursor methods and chemical methods are non-conventional powder methods [6].
The well-known chemical reaction for the preparation of ferrite is

MCI; +Na; Fe; Os<=> MaFe,04 + 2Nacl.

2.1. Ceramic method

A ceramic method is the most useful method, to obtain ferrite powder because of its low
economic condition. In the ceramic method metal oxides and ferrous oxides are taken in good
proportion and they are mixed with suitable techniques. Such materials are well mixed by using a
liquid that is water, alcohol, kerosene, acetate, etc. in a steel ball mill or vibrating systems. The
mixture is filtered by a ceramic crucible and prefiltered at a suitable temperature to avoid the
decomposition of carbonates and oxides so that there is no change of other gases at the time of final
sintering [5].

2.2. Precursor method

This method is a short-time process for obtaining fine ferrite material at the lowest possible
temperature. The most important advantage of the Precursor method is that the resultant material
should be good stoichiometry [6, 7].

The citrate precursor method was used by J. Madhuri Sailaja et al [8] to prepare ferrite
composition NigesZnossFe2.04. They investigate that the phase structure of prepared ferrite was a
single-phase spinel crystal structure.

2.3. Oxalates Precursor

Oxalate is used to obtain ferrite material with the help of the precursor method, to obtain ferrite
material of size 100 to 200 nm at which oxalate is decomposed thermally at temperature 390°C. The
oxalate precursor method was used by A. T. Raghavender et al [8] to prepare nanocrystalline ferrite of
composition Nigs+15xCUo3Zno2Fe2xO4 (0 < x < 0.5) at a small amount of temperature.

2.4. Wet chemical method

To obtain ferrite powder with a high level of homogeneity, small grain size, small porosity, and
bigger surface area, the wet chemical method is used. The wet chemical method contains several steps
to obtain the final product,

1) Reactions to spray

2) Freeze drying.

3) Hydrothermal oxidation.

4) Co- precipitation. [9, 10]

The wet chemical Coprecipitation method was used by M, B. Tahir et al to synthesize
substituted nickel ferrite, where the concentration of nickel varies from 0.02, 0.04, 0.06, 0.08.
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Structural properties of prepared ferrite were studied from scanning electron microscope, and X-ray
diffraction. The size of prepared ferrite nanoparticles was observed that 250nm to 400nm.

3. COMBUSTION SYNTHESIS

To obtain nanoparticles with good chemical homogeneity, high purity, and lower calcination
temperature, the auto combustion method is applied [11,12]. This method is one of the most important
for the synthesis of nanomaterials. The reaction is exothermic which is used to produce nanoparticles.
There are many types of combustion synthesis

1) Self-propagating high temperature.

2) Low-temperature combustion synthesis.

3) Solution composition synthesis.

4) Gel combustion.

5) Sol-gel combustion.

6) Emulsion combustion.

7) Volume combustion etc.
3.1. Sol-Gel Combustion Method for Preparation of Ferrites

The sol-gel combustion method is an efficient and widely used technique for synthesizing
ferrites with controlled particle size and high purity. This method involves dissolving metal precursors
in a solution containing a suitable fuel, such as citric acid or glycine, to form a homogeneous sol. The
sol undergoes gelation, forming a network that traps metal ions uniformly. Upon heating, the gel
experiences a self-propagating combustion reaction, leading to the rapid formation of ultrafine ferrite
powders. The sol-gel combustion method offers several advantages, including low synthesis
temperatures, short processing times, and excellent chemical homogeneity. Additionally, it enables
the production of nanostructured ferrites with tailored magnetic and electrical properties, making it
ideal for applications in sensors, catalysts, and electromagnetic devices. The ability to control
composition and morphology at the nanoscale makes this method particularly useful for advanced
ferrite-based technologies.

4. SYNTHESIS OF FERRITE MATERIALS
The Mg [(Sm) 0.4 (Dy)0.6]xFe2-xOx,
Mg [(Sm)0.5(Dy)0.5]xFe2x04, Mg [(Sm) i —
0.6(Dy)0.4]x FexxO4 (x = 0.05 to 0.3 in _—
steps of 0.05) ferrite materials were = .
synthesized by chemical combustion route, Nitrate- glycine solution
in which starting reagents were used of AR : 8 P=30T033,
grade magnesium, ferrous, samarium and AMINONR
dysprosium nitrates and glycine. The
magnesium nitrate (Mg (NOs).), ferrous
nitrate (Fe(NOs)z), samarium nitrate
(Sm(NOs)2), and dysprosium nitrate
(Dy(NOs),) were weighted in the required
proportion and dissolved in double
distilled water. The solution was heated
until the ignition process of the material is
completed. The as-synthesized powder is
ground using agate mortar to get a fine
powder of samples and then calcined in air
at 600°C for 1 hr. and in the end sintered at

1000°C for 1hr. Fig. 1: Flowchart for preparation of ferrite
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Fig 2: Preparation of ferrite powder

4.1. Preparation of pellet.

At first, the die was washed with acetone. The prepared powder is mixed with a binder then it is
ground using its agate mortar. Acetone can be evaporated. The only dry powder is in the die of size
1.5 cm diameter which can be pressed with a load of 16 per inch square for some time [13].

4.2. Formation of toroid

Initially die was cleaned by using acetone, and the Powder of 5 gram weight is taken which can
be added with a binder then it is ground with an agate motor. The dry powder was inserted into a die
of size 2cm. The inner diameter of the toroid is about 1 cm, the Powder can place with a load of 6 tons
per inch square for 5 minutes. The average height of the toroid is about 0.2 to 0.4 cm Solenoid is bent
in a circular ring it becomes to toroid it is used as an inductance coil in many applications.

4.3. Final sintering

The final powder and pellet are sintered in the atmosphere at a temperature of about 10000C for
1 hour. The schedule for final sintering is as below,

1) At a rate of 30C per minute temperature was given for material and it was increased up to 1000 OC.
2) Then it is kept for 1 hour.

3) The temperature is decreased at a rate of 20C per minute.

4) The product is at room temperature.

5. CONCLUSIONS

The preparation methods of ferrites play a crucial role in determining their structural,
morphological, and magnetic properties. Various synthesis techniques, including solid-state reaction,
sol-gel, co-precipitation, hydrothermal, and microwave-assisted methods, offer unique advantages and
challenges. While traditional methods provide large-scale production, wet chemical approaches
enable better control over particle size and composition. The sol-gel combustion method, in particular,
offers an efficient route for synthesizing nanostructured ferrites with enhanced properties. As research
advances, optimizing these preparation techniques will be key to improving the performance of
ferrites in diverse applications, from electronics to biomedical fields, paving the way for innovative
technological developments.
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ABSTRACT
Interferometry, a technique that exploits the wave-like nature of light, has emerged as a powerful tool in the
study of molecular behaviour. By precisely measuring the interference patterns generated by light waves,
scientists can glean invaluable insights into the structure, dynamics, and interactions of molecules. This chapter
will delve into the fundamental principles of interferometry and explore its diverse applications in molecular
research.

Keywords: Ultrasonic, Interferometry, Molecular Behaviour, Ultrasonic velocity.

1. INTRODUCTION
1.1 Principles of Interferometry

At its core, interferometry relies on the superposition of two or more coherent light waves.
Coherence, in this context, refers to the consistent phase relationship between the waves. When these
waves overlap, they interfere, either constructively (resulting in amplified intensity) or destructively
(resulting in diminished intensity). This interference pattern, a series of bright and dark fringes, carries
information about the path difference travelled by the interfering waves.
1.2 Types of Interferometers

Several types of interferometers are employed in molecular studies, each with its own unique
advantages:
Michelson Interferometer: This classic design splits a single beam of light into two paths, which are
then recombined after traversing different distances. The resulting interference pattern is highly
sensitive to changes in the optical path length, making it suitable for measuring small displacements
or refractive index variations.
Mach-Zehnder Interferometer: Similar to the Michelson interferometer, but with a more robust
configuration, the Mach-Zehnder interferometer offers greater flexibility in controlling the optical
path lengths and allows for more complex experimental setups.
Sagnac Interferometer: This ring-based interferometer is particularly sensitive to rotations, making
it useful in applications such as gyroscopes and optical sensors.

2. METHODOLOGY
2.1 Spectroscopy

Fourier Transform Infrared (FTIR) Spectroscopy: FTIR spectroscopy utilizes Michelson
interferometry to analyze the infrared absorption or emission spectra of molecules. By measuring the
interference pattern generated by the sample, FTIR spectrometers can accurately determine the
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vibrational frequencies of molecular bonds, providing valuable information about molecular structure
and dynamics.

Fourier Transform Raman Spectroscopy: Similar to FTIR, Fourier Transform Raman
spectroscopy employs interferometry to analyze Raman scattering, an inelastic scattering of light by
molecules. This technique provides complementary information to infrared spectroscopy, enabling a
more comprehensive understanding of molecular vibrational modes.

2.2 Microscopy

Interferometric Microscopy: Interferometric microscopy techniques, such as differential
interference contrast (DIC) microscopy and phase contrast microscopy, enhance the contrast of
transparent or weakly absorbing samples by converting phase shifts induced by the sample into
intensity variations. This allows for visualization of subtle details in biological cells and tissues.
Atomic Force Microscopy (AFM): While not strictly an optical interferometer, AFM utilizes a sharp
tip to probe the surface of a sample. The deflection of the tip, measured interferometrically, provides
information about the topography and mechanical properties of the sample at the atomic level.

2.3 Refractive Index Measurements

Interferometry is highly sensitive to changes in refractive index. This property is exploited in a
variety of applications, including:

Concentration Measurements: By monitoring the refractive index of a solution, interferometric
techniques can accurately measure the concentration of solutes, enabling real-time analysis of
chemical reactions and biochemical processes.

Gas Analysis: Interferometers can be used to detect and quantify trace gases in air or other gaseous
mixtures, finding applications in environmental monitoring and industrial process control.

2.4 Surface Plasmon Resonance (SPR)

SPR, a label-free technique, utilizes the interaction of light with surface plasmons (collective
oscillations of electrons at a metal-dielectric interface) to detect and quantify biomolecular
interactions. Interferometric detection enhances the sensitivity and accuracy of SPR measurements,
enabling the study of protein-protein interactions, antibody-antigen binding, and DNA hybridization.
2.5 Advantages of Interferometric Methods
High Sensitivity: Interferometric techniques are inherently sensitive to small changes in optical path
length, enabling the detection of minute variations in refractive index, displacement, or other physical
parameters.

High Resolution: The high spatial resolution of interferometric microscopy allows for detailed
imaging of cellular structures and subcellular components.

Versatility: Interferometric methods can be adapted to a wide range of applications, from
spectroscopy and microscopy to chemical sensing and biomolecular interaction analysis.
Non-Destructive: In many cases, interferometric measurements can be performed without altering or
damaging the sample, making them suitable for the study of delicate biological specimens.

2.6 Challenges and Future Directions

Despite their numerous advantages, interferometric methods also face certain challenges:
Environmental Sensitivity: Interferometric measurements can be susceptible to environmental
disturbances, such as vibrations and temperature fluctuations, which can introduce noise and artifacts
into the data.

Data Analysis: Analyzing and interpreting complex interference patterns can be challenging,
requiring sophisticated data processing and analysis techniques.

Cost: High-end interferometers and associated equipment can be expensive, limiting their
accessibility to some research groups. Despite these challenges, ongoing research and development
efforts are continuously improving the performance and expanding the capabilities of interferometric
methods. Advancements in materials science, nanotechnology, and computational techniques are
paving the way for new and innovative applications in molecular research. For example, the
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development of integrated photonic circuits is enabling the miniaturization and integration of
interferometers into compact and portable devices, opening up new possibilities for point-of-care
diagnostics and field-based measurements.

3. RESULT AND DISCUSSION

3.1 Ultrasonic Interferometer: A Specific Case

Ultrasonic interferometry provides a unique approach to studying molecular behavior by
utilizing high-frequency sound waves. In this technique, a piezoelectric transducer generates
ultrasonic waves that propagate through the medium under investigation. These waves are reflected
back from a fixed reflector, and the resulting interference pattern is analyzed to determine the speed of
sound in the medium.

The speed of sound in a medium is influenced by various factors, including temperature,
pressure, and the presence of dissolved substances. By precisely measuring the speed of sound,
ultrasonic interferometry can be used to:
Determine the concentration of solutes: The speed of sound in a solution changes with the
concentration of dissolved substances. By calibrating the instrument with known concentrations,
ultrasonic interferometry can be used to accurately determine the concentration of various analytes,
such as electrolytes, sugars, and proteins.
Study molecular interactions: Changes in the speed of sound can provide insights into molecular
interactions, such as solute-solvent interactions, molecular association, and complex formation.
Investigate thermodynamic properties: Ultrasonic interferometry can be used to determine various
thermodynamic properties of liquids, such as adiabatic compressibility, density, and molar volume.
3.2 Experimental Setup

A typical ultrasonic interferometer consists of:
A piezoelectric transducer: This device generates and receives ultrasonic waves.
A sample cell: The sample under investigation is placed in a temperature-controlled sample cell.
An electronic circuit: This circuit generates and amplifies the ultrasonic signal, detects the received
signal, and processes the data.
A data acquisition system: The data acquisition system records the interference pattern and
processes it to determine the speed of sound.
3.3 Applications of Ultrasonic Interferometry

Ultrasonic interferometry has found widespread applications in various fields, including:
Analytical chemistry: Concentration determination in various solutions, such as blood serum,
pharmaceutical formulations, and industrial process streams.

Biochemistry: Study of protein-ligand interactions, enzyme kinetics, and bio-molecular association.
Physical chemistry: Determination of thermodynamic properties of liquids, such as adiabatic
compressibility and density.

Food science: Quality control and analysis of food products, such as milk, juices, and alcoholic
beverages.

4. CONCLUSION

Ultrasonic interferometry is a technique that uses ultrasonic waves to measure the velocity of
sound in liquids. Ultrasonic interferometry provides a sensitive and non-destructive method for
studying molecular behaviour. By precisely measuring the speed of sound in a medium, this technique
can provide valuable insights into the concentration of solutes, molecular interactions, and
thermodynamic properties. An Ultrasonic Interferometer is a simple and direct device to determine
the ultrasonic velocity in solids, liquids and gases with a high degree of accuracy. Continued
advancements in transducer technology, electronic circuitry, and data analysis techniques are expected
to further enhance the capabilities of ultrasonic interferometry in the years to come.
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ABSTRACT

Nickel Sulphide (NiS) thin films have been deposited on glass substrate by a simple chemical technique known
as chemical bath deposition (CBD) technique. The films have been synthesized using grade | chemicals like
Nickel sulphate, thiourea and ammonia solution. The as-deposited films have been prepared for varying
deposition parameters such as concentration of solution, deposition time, pH of solution, temperature, etc. The
obtained films were characterized for the study of structural, morphological and optical properties using X-ray
diffraction (XRD), scanning electron microscopy (SEM), UV-visible spectroscopy (UV-VIS). The XRD study
confirms the cubic structure of as-deposited NiS thin film with good crystallinity. The grain size obtained is in
the range of 54nm to 78nm. The optical study reveals the good quality nano-crystalline films with energy band
gap ranging from 1.31eV to 1.43eV. Overall study indicates the prepared NiS thin film has a good crystallinity
with uniform morphology which is useful for optoelectronic applications.

Keywords: Chemical bath deposition, Nickel sulphide, thin films, NiS.

1. INTRODUCTION

Nickel sulphide (NiS) is a semiconductor material belongs to VI11-VI compound materials. It is
one of the most attractive materials due to its high reflection in the infrared range, electron mobility
and low toxicity. NiS thin films have a number of applications in various devices such as solar
selective coatings, solar cells, photoconductors, sensors, IR detectors, as an electrode in photo
electrochemical storage device etc. [1-3]

A variety of methods like electro-deposition, SILAR, thermal and photochemical chemical
vapour deposition, pulsed laser ablation, metal-organic chemical vapour deposition can be used for
the preparation of nickel sulphide thin films. [4-7]

Recently, chemical bath deposition technique has become more popular, due to its numerous
advantages. Chemical bath deposition technique is easy, inexpensive and convenient method for large
area preparation of thin films. Another advantage is to deposit thin films at close to room temperature
on different kinds, shapes and sizes of substrates [8-11].

In this study, the effect of various deposition parameters on the properties of thin films were
studied by characterising the deposited films using X-ray diffractometer, scanning electron
microscopy and UV-Visible Spectrophotometer techniques. The obtained results are very useful for
many scientific, technological and industrial applications in the field of optoelectronic devices.

2. EXPERIMENTAL DETAILS
Grade | chemicals have been used for the deposition of NiS thin film. Solutions of various
concentration of nickel sulphate and thiourea prepared in double distilled water is used for deposition
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of nickel sulphide films. The pH of solution was adjusted by adding ammonia solution slowly in it.
The solution was stirred and transferred to another container containing substrate. The resulting
solution was kept at 70+2°C for different deposition time. Commercial soda lime glass slides were
used as substrate for the deposition. Cleaning of substrate is important in deposition of thin films;
cleaning steps and growth procedure is reported elsewhere [12-14].

The crystallographic structure of films was analysed with a diffracto-meter (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, at normal incidence of light in the wavelength range 200-
1000nm.

3. RESULT AND DISCUSSION
3.1. Structural and morphological properties
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Fig. 1: XRD pattern of nickel sulphide thin film.

Fig. 1 shows the XRD pattern of nickel sulphide thin film. The nickel sulphide film shows
dominant crystalline peaks at 20 = 30.2°, 50.3° and 59.5° positions correspond to the (111), (220) and
(311) planes for higher deposition time. A comparison of peak position with the standard data (JCPDS
Reference code: 00-052-1027) confirms the cubic structure of nickel sulphide films [15]. XRD graph
shows highest intensity diffraction peak along (111) plane indicating smooth surface with small grain
size and high degree of homogeneity. It is also observed that the intensity of peaks increases with
deposition time. Diffraction peak along (311) plane is observed for higher deposition time. The
average grain size (g) has been obtained from the XRD patterns using the Debye-Scherrer’s formula
[13-15],

g=KA/ B cosb
Where, K = constant taken to be 0.94,
A = wavelength of x-ray used (1.542A)
B =FWHM of the peak and
0 = Bragg’s angle

The morphological study shows smoother and more uniform films for 0.08M concentration.
The grain size obtained is in the range of 54nm to 78nm. The grain size evaluated from SEM matches
with the grain size obtained by XRD.

3.2. Optical Properties

Optical properties are the properties of a material that relate to light. These properties
include absorption, dispersion, dielectric polarization, luminescence, refraction, and refractive index.
Fig. 2 shows the optical absorbance spectra of nickel sulphide thin film deposited for various
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deposition time. The as-deposited thin film shows gradual decrease in absorbance with the increase in
wavelength of radiation. The absorbance spectra clearly indicate the higher absorbance for thicker
films. This may be due to more deposition of film on the surface of substrate providing better
absorption properties.

Absorbance {%)

200 300 100 500 600 700 800 200 1000
Wavelength{nm)

Fig. 2 Optical absorbance of nickel sulphide thin films for different deposition time.

From the absorbance data, the absorption co-efficient a was calculated using Lamberts law [16-17],
In (lo/l)) =2.303A=ad
Where, lo and |, are the intensity of incident and transmitted light respectively.
A is absorbance and
d is the film thickness.
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Fig. 3: Plot of (o hv)? versus hv for nickel sulphide thin films

The absorption co-efficient a was found to follow the relation, [16-17]
ahv = A (hv -Eg)%2
The band gap Eg was determined from each film by plotting (oo hv)? versus hv and then
extrapolating the straight-line portion to the energy axis at o =0.
A band gap is the energy range in a solid where no electronic states exist. It's also known as an
energy gap. The band gap energy Eg obtained is in between 1.31eV and 1.43eV for various deposition
time as shown in Fig. 3.

CONCLUSIONS

Nanostructured NiS thin films have been successfully deposited by using low cost, simple CBD
technique. The XRD patterns showed the films were polycrystalline in nature with cubic structure.
The effects of deposition parameters on different properties of as-deposited thin films have been
discussed. The films have been characterized using optical measurements as absorbance spectra,
optical band gap energy as well as thickness, structure, surface morphology. Results obtained from
characterization shows obtained films are of good quality and suitable for optoelectronic applications.
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ABSTRACT

The garnet series having the general formula Y;InkFesxO12 (X = 0.0, 0.2 and 0.4) were synthesized by using
double sintering solid state reaction method. The samples were characterized by X-ray diffraction technique
(XRD). The X-ray diffraction studies of compositions revealed the formation of single phase cubic structure
with lattice constant ranging from 12.37 to 12.43 A up to x = 0.4. The dielectric properties were investigated
using LCR-Q meter (hp HEWLETT) in the frequency range 100 Hz to 1 MHz. The dielectric constant (g'),
dielectric loss (¢") and dielectric loss tangent (tan 8) were measured as a function of frequency by using LCR-Q
meter. The frequency dependence of dielectric measurements was carried out for given samples.

Keywords: garnet, YIG, XRD, dielectric.

1. INTRODUCTION

Ferrites represent an important category of materials, which are in great demands due to their
numerous applications in many fields. The electrical and magnetic properties of ferrites are strongly
dependent on their chemical composition and their method of preparation [1, 2]. It is important to
optimize the electrical and magnetic properties of ferrites, for desired applications. Due to their
interesting properties scientists, researchers and engineers are still interested in designing the various
types of ferries material substituted with different cations with different valences and prepared by
different techniques.

Among the various types of ferrites rare earth garnet especially yttrium iron garnet (YIG) is of
great importance for scientist and technologist because of their applications in microwave
communication devices such as circulators, gyrators and phase shifters because of its small
ferromagnetic resonance line-width, high electrical resistivity and low dielectric loss in microwave
regions in many fields [3]. Yttrium iron garnet (YIG) is microwave ferrite, which in polycrystalline
form has specific characteristics. The magnetic and crystallographic properties of the magnetic iron
garnet have been studied by many workers [4-7]. Substituted iron garnets have found extensive use in
wide band non-reciprocal microwave devices [8].

2. EXPERIMENTAL

The samples of In®*" substituted YslIn«Fes.xO1, garnets with x = 0.0,0.2 and 0.4 were prepared
by well-known double sintering ceramic method in which a molar ratio of analytical Y03, Fe;Oz and
In,O3 (all 99.99% pure AR grade chemicals, Mumbai) were mixed thoroughly in stoichiometric
proportions and then ground to very fine powder by using agate mortar for about 3hr. These mixtures
in powder form were pre-sintered in a programmable muffle furnace at 1200 °C for 24 h and cooled to
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room temperature slowly at the rate of 2 °C/min. The samples were reground and re-fired at 1350 °C
for 30 h and slowly cooled to room temperature at the rate of 2° C/min., and then reground for 1 h.
The fine powdered sample was pelletized under the pressure 5 ton/inch?.

3. RESULTS AND DISCUSSION
Mixed garnet ferrites system under investigation has been structurally investigated by X-ray
diffraction technique. Typical XRD pattern for x = 0.2 sample in shown in Fig.1.
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Fig. 1: XRD pattern of Y3ln,Fes.xO1 for x = 0.2 and x=0.4 sample.

The XRD pattern shows the reflections namely (321), (400), (420), (422), (431), (521), (611),
(444), (640), (642), (800) and (842). No extra peaks other than cubic structure have been observed in
the XRD pattern. The Bragg peaks are sharp and intense. The lattice parameters are calculated using
XRD data and are given in table-1. It is observed from table-1 that lattice constant increases with
increase in indium content ‘x” as shown in Fig.1. The ionic radii of yttrium (0.89A) Fe®* is (0.67A)
and indium (0.81A) hence we observe variation in the lattice parameter with indium substitution. The
bulk density of all samples was measured using Archimedes principle and values are tabulated in
table-1. Bulk density increases with increase in indium content ‘x’. Using the values of molecular
weight and volume of the sample X-ray density was calculated. The values of X-ray density are also
listed in Table 1. X-ray density increase with composition ‘x’ as shown in Fig.3.

Table 1: Lattice constant (a), X-ray density (dx), bulk density (dg), porosity (P) and particle size (t) of
Y3|an95.xO12.

« a dx ds P t
A) (gm/cm®) | (gm/cm®) | (%) | (um)
0.0 12.370 5.179 4.13 20.25 | 3.42
0.2 12.401 5.224 4.19 19.97 | 3.25
0.4 12.433 5.264 4.26 19.07 | 3.17

The observed variation in X-ray density is attributed to increase in volume of the samples. The
crystallographic parameters (lattice constant, X-ray density) are in good agreement with reported
values [9] .The most intense peak (4 2 0) of XRD pattern was used to evaluate particle size of the
samples. The particle size was calculated by using Scherer’s formula, the values of particle size for all
the composition is listed in Table 1.

Dielectric Measurements

The dielectric constant measurements were carried out on disc shaped pellets as a function of
frequency by using two probe method. The real &' and imaginary &' parts of the dielectric constant
and loss tangent tan o of Yaln.FesxO1, were computed according to Smith and Wijn [10, 11]. The
variation of the dielectric constant ¢’ and dielectric loss &” with respect to frequency at room
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temperature is shown in Fig 4 (a). It can be observed from Fig 4 (a) that dielectric constant (¢’) and
Fig.4 (b) dielectric loss (¢') both decreases with increase in frequency.

12 44 3:27
. 526
o 1243 525
= 1242 524
Z 1241 - 523 1
S @ 522
§ 124 - E 521
£ 1239 E 52
3 12.38 2 510
1237 : : £ 518
0O 01 02 03 04 317 R
comp.x 0 01 02 03 04
comp.x
Fig. 2: Lattice constant of Y3lInFesxO12 Fig. 3: X-ray density of YsInsFes,O1,
(x=0.0, 0.2 and x=0.4) (x =0.0,0.2 and x=0.4)

It can also be observed that dielectric loss (&'") decreases with increasing frequency much more
rapidly than (¢'). This behaviour of dielectric constant is attributed by assuming that mechanism of
polarization in ferrite is similar to that of conduction mechanism. lwauchi [12] reported strong co-
relation between the conduction mechanism and dielectric behaviour of the ferrites. Fig. 4(c) shows
the variation of dielectric loss tangent with frequency at 300 K for all the values of 'x'. It is observed
from Fig. 4(c) that, the parameter tan 6 decreases exponentially with the increase of frequency.

Table 2: Room temperature dielectric constant (&), dielectric loss (¢”) and dielectric loss tangent (tan
d) at 100 Hz, 10 KHz and 1 MHz of YslInsFes.xO12

Frequency
X 100 (Hz) 10 (kHz) 1(MHz)
g' g" tan & g' g" tan 6 g' g" tan &

0.0 864 268 0.31 714 120 0.28 487 112 0.23
0.2 892 374 0.42 854 341 0.40 505 172 0.34
0.4 926 444 0.48 892 392 0.44 518 191 0.37

et x=0.0
——=() 2
x=0.4

3 4 5 6
Log F Log F

(@) (b) (©)

Fig.4: Variation of (a) dielectric constant (¢), (b) dielectric loss (g”’) and (c) dielectric loss
tangent (tand) with logarithm of frequency (log f) of YsInxFesxO12 (x = 0.0, 0.2 and 0.4).

4. CONCLUSION

The garnet system Y;sIn.FesxO1 (x = 0.0, 0.2 and 0.4) have been successfully prepared by
standard ceramic technique. The lattice parameter increases slightly with In3* substitution. The
dielectric constant (&) and dielectric loss (&'") both decreases with increase in frequency. It can also be
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observed that dielectric loss (¢"") decreases with increasing frequency much more rapidly than (g’).
The dielectric loss tangent (tan 6) also decreases exponentially with the increase in frequency.
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ABSTRACT
The reduced potential curves (RPC) of the ground electronic states of HgCI, HgBr and Hgl are constructed.
These curves obey the rules of RPC scheme and also show similarity to respective RKR curves.

Keywords: Potential energy curves, Reduced potential functions for diatomic molecules

1. INTRODUCTION

Diatomic mercury halides HgX (X = CI, Br and I) are used in laser. The experiment on photo-
dissociation [1] of HgX: vapour and electron-beam excitation [2] of a mixture of Hg, Ar and halogen-
bearing hydrocarbons have shown that strong lasing action in the bound-state transitions BZZ+ - X 2Z+
may be used in high-power lasers. Recently dissociation energies of HgCI, HgBr and Hgl from
potential energy curves reported by Bhartiya et al [3].

The potential energy curves are important in the studies of dissociation energies, Franck-
Condon factors, chemical physics, laser physics etc. The potential functions can be drawn using RKR
[4-6] method, which is based on an experimental data. Recently Jenc and Brandt [7] have developed a
method of calculating potential energy curves, which is known as RPC. In the present study this
method has been employed to construct the RPC’s for the ground states of HgCl, HgBr and Hgl.

2. THE REDUCED POTENTIAL ENERGY CURVES
The method suggested by Jenc and Brandt [7] uses the RKR data. The reduced potential energy
curves are drawn between two parameters namely p on X axis and u +1 on Y axis
u=U/De where U =X Ci (v+ %)i (1)
Ci are vibrational constants like C1= we, Cz = - wexe, C3 = weye etc. De is dissociation energy.

r—[1-exp (-r/ py)] pij

p=

fe— [1-exp (- py)] py .
Where re is equilibrium inter nuclear separation and pij can be calculated as follows,
re — [(3.96) De/xe]

Py =

1 - exp (-re / pii)
)
Where Ke is a force constant.
The reduced quantities fulfill following conditions.

63



Current Research in Science and Technology ISBN: 978-81-970491-2-5

1.
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p=0
p=0forr=0
p=1forr=re
p—ooforr=—
us0forU<o
u=0foru=0
u— oo forU—

u=-1forU=-De

3. PROPERTIES OF RPC

1)
2)
3)
4)
5)

6)
7)

The RPC’s of different molecules never intersect.

The RPC’s of diatomic molecules slightly differing in both atomic numbers coincide.

While keeping one atomic number constant a considerable change in the values of other effect
than a relatively small change in the values of both atomic numbers. This fact is clear in the
RPC’s of heavy hydrides.

In general the shape of RPC turns slowly to the right around the minimum while becoming
broader.

Rare gas molecules does not follow the rule number 2, 3 and 4. The RPC’s of rare gas
molecules coincide approximately to each other and form a right hand boundary of the
admissible RPC region.

All RPC’s including excited state lie in RPC region.

The approximate coincidence mentioned in rule 2 and 5 is very accurate in repulsive limb.

It was found that deviations from the above rule in the RPC’s of the diatomic molecules might

appear suggesting the possible existence of perturbation in the state or because of erroneous
extrapolation of the RKR potential.

4. MOLECULAR CONSTANTS

The latest spectroscopic constants are used to construct RKR and RPC curves. All these

constants are summarized in Table 1. Along with references [3, 8, 9, 10]. The pjj are calculated using
expression (3). For the calculation of RKR curves, the vibrational as well as rotational constants are
also needed which are listed in Table 1.

Tablel: Molecular constants of X?T of HgCl, HgBr and Hgl

Constants HgCl HgBr Hol

n 29.807955 57.771192 77.935295
e 298.973 188.249 126.071
wexe 2.15130 1.0359 1.27.4
weye 0.010112 -0.0015068 0.0159
weze -0.00050562 -0.00024809 | -----

ae 0.0007239 0.0003274 0.00018024
Be 0.09674 0.04345 0.02747
De 8350 5500 2750

re 2.4180 2.5916 2.80629
pij 3.668477 4.696022 6.224255
Reference [3,8, 9] [3,8,10] [3, 8,10]

Note: All constants are in cm-1 except re and pij, which are in A and p, is in amu
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5. VERIFICATION OF RPC

The individual RKR and RPC of HgClI, HgBr and Hgl are shown in Fig. 1 (a,b,c and a', b', ¢')
respectively. RKR and RPCs of respective molecules have similarity.
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Fig. 1: The RKR of HgCl, HgBr and Hgl are shown in (a, b, and ¢) whereas RPC are shown in

(@, b', land c') respectively.
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Secondly the combined RPCs of HgCl, HgBr and Hgl which are shown in Fig. 2, the RPC of lighter

molecule HgCl is in side where as the RPC of heavier molecule Hgl is outside which is as expected.
1.6 '

1.5 A
1.4 A
—
+ 1.3 A
o)
1.2 A
1.1 1 —e HgClI
—e— HQgBr
—a— Hgl
1 T % T T T
0 0.5 1 1.5 2 25 3

o)

Fig.2: Combined RPC of ground state of HgCl, HgBr and Hgl.

The applications of RPC could be as follows:
1. It can detect the errors in the construction of RKR.
2. It can be used to detect errors in molecular constants.
3. It can detect the errors in analysis of a spectrum due to perturbations or otherwise.
It is shown that the behavior of this group of chemically related molecules is fully in accord
with the overall regularities observed for many other groups of diatomic molecules [11].

6. CONCLUSION

The RPC scheme is verified for the ground states (X2%) of HgCl, HgBr and Hgl molecules. The RPC
scheme seems to lead to a picture that might be called, ‘a periodic system of diatomic molecules’.
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ABSTRACT

This study was to determine whether the germination and electrical conductivity was related to their aged and
exposure of laser light. We have taken four ages of seeds (fresh, 6 months old, 12 months old and 18 months old
seeds). He-Ne laser of wavelength A=632.8nm and intensity of beam is 5 mW/mm? were irradiation on seeds of
time duration was 2, 4, 6, 8, 10, 12 minutes. The results indicate a positive impact of laser irradiation on seed
metabolism. Growth characteristics such as germination, seedling length and speed of germination have been
found to be significantly increased by laser irradiation. We recorded maximum percentage of germination of JS-
335 Soybean seeds was 97.32%, 92.32%, 88.65% and 81.98 for 10 min. irradiation in fresh, 6 months old, 12
months old and 18 months old seeds respectively.

Keywords: Laser irradiation, germination percentage, vigour index and electrical conductivity.

1. INTRODUCTION

The laser discovery in the past century has been of great impact and application in the society
from its conception until today. Among the outstanding achievements of science in the 20" century,
the laser occupies a pivotal position. The characteristics of the laser radiation, such as monochromatic,
coherence, polarization and high density, can be used not only in all sphere of engineering but also in
medical and plant biology. Among its applications it is used in agriculture as a biostimulator device
[1]. The laser light of low intensity produces biostimulation when used on seeds, seedlings and plants
[2]. The basis of the stimulation mechanism in any plants physiological stage is the synergism
between the polarized monochromatic laser beam and the photoreceptors that, when triggered,
activate numerous biological reactions. There are many facts that indicate the biostimulating action of
laser radiation on various organs and tissues in animals and plants [3]. The plants absorb light via
their photoreceptors. They control all stages of plant development laser activation of plants results
in an increase in their bioenergetics potential, and fermentative systems, as a stimulation of their
biochemical and physiological process [3, 4].

The last 50 years different chemical additives are used for fertilizing crops and controlling pests
helping to develop highly successful farm system ensuring an abundant food production. Their
application causes the contamination of raw material for food production with toxins, decrease soil
yielding capacity [1]. Light play a major role in growing plant. The effect of light during germination
process and plant growth is undeniable

Soybean is the world’s most popular oil seed crops, cultivated in more than 100 countries.
Soybean seed mainly comprised of protein, fiber, vitamin, minerals and source of organic compound,
which are most important factors. Establishing the quality of seed lot is a crucial step, whether for
cultivation or research activities. In order to obtain the highest crop production yield and quality,
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seeds of high quality that produce rapid and uniform seedling emergence are required. Germination of
seeds depends on seed quality, environment, seed born pathogen and quality of soil. To increase
percentage of germination by using medicine and chemical fertilizer are harmful for environment and
society. The bio-stimulating agent such as laser light is the best method to increase percentage of
germination. Various workers in the field provided possibility of accelerating germination of seeds,
plant growth, increase their resistance to disease, enzymatic activities and concentration of
chlorophyll in the seeds of several plants using LED light, micro-wave and laser light [5- 7]. The
present study is conducted to study the effect of He-Ne irradiation on germination percentage, speed
of germination, growth of seedling and electrical conductivity.

2. METHOD & MATERIAL

A. Seed Materials
Soybean Seeds (Glycine max., JS-335) used in this work was supplied by college of agricultural
engineering and technology, Marathwada Krishi Vidyapeeth, Parbhani, India.

B. Treatments
Continuous laser irradiation at A= 632.8nm was obtained from He-Ne and intensity of beam is
5mW/mm?. JS-335 Soybean seeds of four different aged seeds were irradiated to 2, 4, 6, 8, 10
and 12 minutes by He-Ne laser. The irradiation treatment of seeds was performed in the dark room
to avoid the influence of the Sun rays.

C. Germination Test
Seed germination capability is measured by standard germination method. The emerging normal
seedlings under favorable conditions were different for different seed lot, which can be manifest in
storage or in the field [8]. For germination period favourable conditions are necessary to be
provided and controlled. These conditions enhance metabolic activity and which results
germination.
Treated seeds were placed in petri dishes with equidistance then incubated in a germinator with
(25+2)°C temperature for 7 days. Germinated seeds were counted daily for 7 days. A seed is
considered to be germinated when radicle emergence is about 5mm [9-11]. At the end of 7" day
seedling length were measured. The procedure was repeated thrice for all ages of the seeds.

D. Seed Vigour Index
Seed vigour index was calculated by determining the germination percentage and seedling length
of the same seed lot. We were selected randomly 10 germinated seeds and measured seedling
length. The seed vigour index was calculated by using the formula
Vigour Index= Germination % x Average Seedling length (in mm.)

E. Electrical Conductivity Test
A seed sample of 10gm was sterilized with distilled water for 2-3 minutes. The clean sample was
immersed in 100ml of water at 25+1°C temperature for 12hr. After that the seeds were removed by
a clean forcep. The steep water left was decanted and was termed as leachate. The conductivity
meter was warmed about 30 minutes before testing by Deeping in distilled water. First the
conductivity of distilled water was measured then leachate was measured. The formula for
calculate the electrical conductivity of seed extract was as follows.
E.C. = [Actual E.C. meter reading-E.C. of distilled water] x Cell constant factor.

3. RESULT AND DISCUSSION
3.1. Germination Test on Soybean Seeds

Improvement of seed quality and germination rate by He-Ne Laser treatment on pre-sowing
Soybean seeds under laboratory condition has been analyzed in detail. In this study we have analyzed
the impact of He-Ne Laser irradiation with different doses on germination rate, vigour index and
electrical conductivity of leakage solution of JS-335 Soybean seeds for four different ages of seeds

68



Current Research in Science and Technology ISBN: 978-81-970491-2-5
(Fresh, 6 months old, 12 months old and 18 months old seeds).

The results indicate a positive impact of laser irradiation on seed metabolism. Growth
characteristics such as germination, seedling length, speed of germination and vigour index have
been found to be significantly increased by laser irradiation. We recorded maximum percentage of
germination of JS-335 Soybean seeds was 97.32%, 92.32%, 88.65% and 81.98 for 10 min.
irradiation in fresh, 6 months old, 12 months old and 18 months old seeds respectively. For high
aged seeds shows lower germination percentage due to detonation. Similar results of enhanced
germination percentage, seedling length and speed of germination have also been recorded in
Scorzonera hispanica L. seeds by Marcela et al. (2016). St. Dinoev et al. (2004) reported that low
power Laser irradiation on wheat and Maize seeds that the photon light was stored in seeds and plants
utilized this stored energy during growth process and it can be seen in their development.

3.2. Electrical Conductivity of JS-335 Soybean Seeds.

Tables 5 shows the effect of Laser irradiation on Germination percentage and electrical
conductivity of seed leachate of JS-335 Soybean seeds of fresh seeds, 6 months old, 12 months old
and 18 months old seeds respectively. We observed electrical conductivity of fresh, 6 months old, 12
months old and 18 months old seeds where controlled seeds show 7.66, 9.31, 12.07 and 14.40uS.Cm.
Igm.*ml.t and for 12min. irradiation seeds shows 4.21, 5.62, 9.06, and 11.93uS.Cm.*gm.” ml.?
respectively. The experimental data shows that electrical conductivity was higher in controlled as well
as in higher age seeds. However, the lowest electrical conductivity value for 12min. irradiation and
fresh seeds.

Table 1 Effect of pre-germination exposure with different dose of He-Ne Laser on JS-335 Soybean
Seed (Fresh Seeds)

Controlled 82.31 3.12 | 28.03 11.50 946.56 7.66
2 min. 84.98 315 | 28.84 11.80 1002.76 6.69
4 min. 92.98 3.01 | 35.17 12.06 1121.33 5.86
6 min. 94.65 2.84 | 37.09 12.13 1152.10 5.23
8 min. 96.98 2.82 | 38.09 12.20 1183.15 4.70
10 min. 97.65 250 | 44.49 12.33 1204.02 4.36
12 min. 97.31 249 | 45.68 12.30 1197.88 4.21

Table 2: Effect of Pre-Germination Exposure with Different Dose of He-Ne Laser on JS-335 Soybean
Seed (6 months old seeds).

Controlled 77.32 311 |26.28 11.03 852.83 9.31
2 min. 79.32 3.09 |27.24 11.16 885.21 8.19
4 min. 81.64 292 | 31.47 11.33 924.98 7.32
6 min. 84.98 2.80 | 33.43 11.90 1011.26 6.15
8 min. 87.98 2.76 | 35.09 12.20 1073.35 5.62
10 min. 92.32 248 | 4231 12.50 1154 4.99
12 min. 90.31 242 | 43.13 12.73 1149.64 451
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We notice that electrical conductivity of seed leachate is correlated to germination percentage,
speed of germination and seed vigour index. Simona-Laura Lasar et al. (2014) conducted experiments
on germination and electrical conductivity tests on artificially aged seed lots of two wall-rocket
species. Electrical conductivity was determined by using 0.1 gm of seeds in 10ml of deionized water
at 25°C for 24 hours. If seeds have low electrical conductivity, then they have high germination
power, high seed vigour index. Electrolyte losses were related to decrease in seed germination
capacity.

Table 3: Effect of Pre-Germination Exposure with Different Dose of He-Ne Laser on JS-335 Soybean
Seed (12 months old seeds).

roanen | ST Ty o [ Sl Ve €S
Controlled 74.98 3.12 | 25.56 10.50 787.29 12.07

2 min. 78.31 3.12 | 26.84 10.43 816.77 11.20

4 min. 79.31 291 | 30.65 10.63 843.06 10.47

6 min. 81.98 2.79 | 32.28 10.83 887.84 10.03

8 min. 85.31 2.77 | 33.95 10.86 926.46 9.11

10 min. 88.65 2.50 | 40.09 11.03 977.80 9.11

12 min. 84.64 240 | 40.28 11.26 953.04 9.06

Table 4: Effect of Pre-Germination Exposure with Different Dose of He-Ne Laser on JS-335 Soybean
Seed (18 months old seeds).

roanen | ST yor [so | Sty | e
Controlled 67.31 3.92 |16.59 7.33 493.38 14.40

2 min. 71.65 410 |18.09 7.46 534.50 14.16

4 min. 72.64 3.91 |19.56 8.06 585.47 13.53

6 min. 76.31 350 |[21.09 8.20 625.74 13.14

8 min. 79.98 349 |22.17 8.43 674.23 12.46

10 min. 74.98 348 |24.66 8.60 705.02 12.02

12 min. 81.64 345 |24.97 8.93 729.04 11.93

Table 5: Germination percentage and electrical conductivity of seed leachate for different aged seeds

Fresh Seeds 6 Months old Seeds | 12 Months old Seeds 18 Months old Seeds

Sample Germination % (uSE.‘g‘m'1 Germoi/: ation (uSE.‘(g:r:n.'1 Germoi/: ation (uSE.é:rﬁ'l Germoi/:ation (uSE..gr;w.‘l

gm.'ml. ") gm.ml. ") gm.'ml. ") gm. ml. %)
Controlled 82.31 7.66 77.32 9.31 74.98 12.07 67.31 14.40
2min. 84.98 6.69 79.32 8.19 78.31 11.20 71.65 14.16
4min. 92.98 5.86 81.64 7.32 79.31 10.47 72.64 13.53
6min. 94.65 5.23 84.98 6.15 81.98 10.03 76.31 13.14
8min. 96.98 4.70 87.98 5.62 85.31 9.11 79.98 12.46
10min. 97.65 4.36 92.32 4.99 88.65 9.11 74.98 12.02
12min. 97.31 421 90.31 451 84.64 9.06 81.64 11.93
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4. CONCLUSION

The germination of each seed is considered as one of the first and most fundamental life stage

of a plant, so that the success in growth and yield production is also dependent on this stage. Based
on the results obtained from this study it can be conclude that the Laser irradiation on seeds is more
beneficial in order to obtain the maximum crop production and quality, seeds germinate quickly and
have uniform seedling. The electrical conductivity method is the best and quick method as compared
to other vigour test methods to predict the quality of seeds.
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ABSTRACT

Pure and Ag-doped ZnO nanostructured powders were synthesized using the hydrothermal method. These
powders were employed to fabricate sensor elements via the screen-printing technique. The synthesized sensors
were characterized by X-ray diffraction (XRD) and their gas response properties were systematically analyzed.
Compared to pure ZnO nanostructures, Ag-doped ZnO sensors exhibited enhanced sensitivity toward acetone at
an optimal operating temperature of 300°C. Moreover, the Ag-doped sensors demonstrated notable response
even at low acetone concentrations with excellent selectivity. The response and recovery times were determined
to be 12 seconds and 25 seconds, respectively.

Keywords: ZnO, Gas sensor, Hydro-thermal synthesis, Screen-printing

1. INTRODUCTION

In recent years, there has been a growing interest in the development and investigation of
nanostructured gas sensors. These sensors play a pivotal role in monitoring chemical and toxic gases
in industrial settings, effectively mitigating the emission of hazardous pollutants. Metal oxide
semiconductor gas sensors are particularly advantageous, offering high sensitivity and selectivity for
specific analytes. Among the commonly studied materials, SnO, , WO3 , and TiO, have been widely
employed for gas sensing applications.

Zinc oxide (Zn0O), an I1-VI compound semiconductor with a direct band gap of 3.3 eV at room
temperature, has emerged as a promising material in sensor research due to its unique electronic and
structural properties. To improve the sensitivity, selectivity, and response times of ZnO-based sensors,
researchers have explored doping with metallic species such as Al, Cu, and Pd. While these
modifications enhance sensor performance, challenges related to synthesis complexity and the need
for advanced characterization techniques often hinder the scalability of such systems [1-5].

The hydrothermal synthesis method offers a straightforward, cost-effective approach to
producing high-purity, structurally uniform oxide nanostructures with controlled size and shape. The
resulting materials are environmentally friendly and highly suitable for sensor applications [6].

Acetone, a highly volatile and flammable organic solvent, is extensively used in the production
of plastics, fibers, and pharmaceuticals. However, prolonged exposure to acetone can pose severe
health risks, including liver, kidney, and nervous system damage. Notably, acetone is also a biomarker
for diabetes, making its detection critical for non-invasive medical diagnostics. These factors
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emphasize the necessity of developing reliable sensors capable of detecting acetone with high
sensitivity and selectivity [7-13].

In this study, we synthesized pure and Ag-doped ZnO nanostructures using the hydrothermal
method and fabricated thick films via the screen-printing technique. The Ag-doped ZnO sensors
demonstrated exceptional acetone sensing performance, characterized by high sensitivity, rapid
response and recovery times, and strong selectivity.

2. MATERIALS AND METHODS
2.1 Synthesis of Zn;_xAg,O

Pure and Ag-doped ZnO powders were synthesized using the hydrothermal method.
Analytical-grade zinc acetate dihydrate (Zn(CHs;COO),*2H,0), silver nitrate (AgNO3e
6H,0), and sodium hydroxide (NaOH, purity 99.9%) were used as precursors without further
purification.

In a typical synthesis, zinc acetate and 1.6 mmol of silver nitrate were dissolved in 160
mL of deionized water. A 1M NaOH solution was then added drop wise under vigorous
stirring until the pH of the solution reached 10. The resulting mixture was transferred to a
sealed Teflon-lined autoclave and heated at 95°C for 3 hours. After cooling to room
temperature, the precipitates were centrifuged and washed three times with deionized water.
The resulting powder was air-dried at 50°C for 2 hours to obtain Ag-doped ZnO. Pure ZnO
was synthesized following the same procedure without the addition of silver nitrate.

The synthesized powders were analyzed using XRD for structural characterization for
analysis. The powders were printed on alumina substrates via the screen-printing technique,
and the resulting films were sintered at 700°C for 2 hours. Silver-patterned electrodes were
applied to the sintered films for gas sensing studies.

Table 1: Samples identification
an.xAng
g
Mol % Ag Sample Crystal 5
i i 3 g g 2 g
doping Code size 3 g g & g )
Pure ZnO S1 68 p ;
X=0.01 S2 55 5
£
X=0.10 S3 62 {$2)
!S1!
20 30 40 50 60 70 80
20 (degree)
Fig. 1: The XRD patterns of the sintered samples

3. RESULTS AND DISCUSSION
3.1 Structural Properties

The XRD patterns of the sintered samples (S1, S2, S3) are shown in Fig. 1. The diffraction
peaks correspond to planes (100), (002), (101), (102), (110), (103), (200), (112), and (201),
confirming the hexagonal wurtzite structure of ZnO. Weak peaks corresponding to Ag doping were
observed, consistent with JCPDS data (36-1451). The average crystallite size, calculated using
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Scherrer’s formula, ranged from 60-100 nm. Doping with Ag increased the crystallite size, likely due
to the larger ionic radius of Ag?* (122 pm) compared to Zn2* (74 pm).
3.2 Gas Sensing Properties

The gas sensing performance of the films was evaluated for acetone, ethanol, and LPG
at various operating temperatures. The response was calculated using the relation:

(R, -Ry)

Where Ra and Rg represent the sensor resistance in air and upon exposure to the target gas,
respectively.
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Fig.2: Acetone Gas Sensitivity Fig. 3: The response of undoped and Ag doped

ZnO to different test gases for 100ppm
concentration at the optimum operating
temperatures

Fig.2 shows that the gas response of various surfactant ZnO thin films for different reducing
gas was studies at temperature range 200-450°C. ZnO N-type semiconductor, so primary shows
reducing gas responses increases with operating temperature attained maximum value then further
decrease with future rise in operating temperature [14-17]. The 2000 ppm acetone gas sensor response
toward undoped and Ag doped ZnO Samples shows. The response value of 94, 70, and 60% to S1, S2,
S3 respectively, the gas response across the acetone gas for the S2 sample shows maximum gas
response.

Fig.3 shows the response of undoped and Ag doped ZnO to different test gases for 100 ppm
concentration at the optimum operating temperatures for acetone. The ZnO sensor exhibited gas
response 7, 15, 45, 3% response toward LPG, Ethanol, Acetone and NHs respectively. Acetone,
ethanol show increase response and LPG and NHsshow low gas response. S2 Sample show good
response to acetone gas 100ppm concentration, at low operating temperature 275°C.

Fig.4. Shows the transit response towards acetone gas as function of time for S2. The entire
sensor sample shows fast response and recovery time toward acetone gas. Sample shows fast response
and recovery time 12s and 28s respectively compared to other reducing gas. Sample S2 shows
noticeable applicant for acetone gas response.

3.3. Stability and Reproductively S2 Samples

Stability and reproductively sensor consistency is strongly depend on the sensor material
(Fig.6). The sample S2 stability and reproductively gas response measure numerous times. The
response of S2 Sample measure 10™, 20™, 30™", 40™", 50™"and 60™ days after the first measured the gas
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sensor response. It was also confirmed that the selectivity of sensor at operating temperature 275°C
continuously constant last two months.
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Fig.4: Transit response studies Fig.6: Stability and Reproductively S2 Sample

The gas sensing mechanism is based on carrier concentration of electron. N-type
semiconductor such ZnO, the electron concentration of conduction electrons can be change either
oxidation or reduction process. When ZnO film surrounding temperature in air, the chemisorbed
reaction, adsorption of atmospheric oxygen generated on film surfaces 0%, 07, or 0, .When the
reducing gas injected to the surrounding atmosphere, Such as acetone ,acetone molecule react
between the oxygen species and vapor molecule as follows [15-22].The reducing gas acting on the
ZnO sensor surface can be explained as:

R+O <> RO+e”

Where, R representing the reducing gas. As reaction species and vapor molecule , re-injected
oxygen species into surface films so that the carrier concentration were changed ,so reduced
resistances of thin films[23-24].

For acetone, S2 exhibited the highest response (94%) at 275°C, outperforming both S1 (60%)
and S3 (70%) at their respective optimal temperatures. The enhanced performance of S2 was
attributed to its smaller grain size and increased surface area. Transient response measurements for S2
showed response and recovery times of 12 seconds and 25 seconds, respectively. The sensor
maintained 94% of its initial performance after two months, indicating high stability and reliability.

4. CONCLUSION

Pure and Ag-doped ZnO nanostructures were successfully synthesized using the hydrothermal
method, and their gas sensing properties were systematically studied. The Ag-doped ZnO sensor
exhibited superior acetone sensing performance, characterized by high sensitivity, rapid response and
recovery times, and excellent selectivity. These findings highlight the potential of Ag-doped ZnO
nanostructures for industrial and medical gas sensing applications.
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ABSTRACT

The present work has been carried out on magnetic ferrite materials to study their structural properties in most
of the studies the sample is in bulk form prepared by usual ceramic technology. Recently, nano-particle ferrites
are gaining importance because of their unusual properties. The reduction in the particle size from micrometer
level to nanometer level greatly influenced the properties of ferrite. Several chemical methods have been
employed to produce nano-particles. Nano sized ferrites with uniform particle size are desirable for a verity of
applications like drug delivery, ferro-fluids, data storage, biomedical applications. Thin film ferrites are also
gaining importance because of their easy preparation

Keywords: Bulk materials, thin film, structural properties, nanoparticles

1. INTRODUCTION

Recently nanotechnology gained tremendous attention in the research community. From the last
decade remarkable research activities found to be extensively carried out in nano-science and
nanotechnology. The novel nanometer scale materials with excellent and unique physical and
chemical properties have been developed. Semiconductor natured polycrystalline spinel ferrites are
most important magnetic materials because of their interesting magnetic and electrical properties as
well as low eddy current and dielectric losses. The spinel ferrites find applications in a wide range of
frequencies (microwave to radio frequency). Nanostructure have attached huge interest as rapidly
growing class of materials for many applications several techniques have been used to characterize
the size, crystal structure, elemental composition and variety of other physical properties of
nanoparticles. Nanomaterial is important for understanding their properties and application
which is about 1 to 100 mm nano-science can be used across other field like chemistry, electronic
engineering, physic and material science. The polycrystalline soft ferrites show high resistivity and
due to their dielectric nature are used in microwave applications [1]. The magnetic properties of spinel
phase oxides are rich and complex. The important electrical and magnetic properties of spinel ferrite
depend on method of preparation, type and amount of dopants etc. [2-3]. Cobalt ferrite is a well-
known hard magnetic material having high magneto-crystalline anisotropy, high coercivity and
moderate saturation magnetization. The principal objective of this research h article is to
summarize the present knowledge on the use, advance advantages and weakness of large number
of experimental techniques that are available for the characterization of nanoparticles [4].

Cobalt ferrite possesses inverse spinel structure and degree of inversion depends on method of
preparation and also to study the bulk and thin film structural properties of cobalt ferrite.
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2. EXPERIMENTAL

The samples of cobalt ferrite (CoFe,O4) have been prepared by standard ceramic technique
using AR grade oxides of cobalt oxide, ferric oxide and nickel oxide. The powders of CoO and Fe;Os3,
NiO and Fe,Os; were mixed in stoichiometric proportion and wet ground. The mixed powders of CoO
and Fe;Osare then pre-sintered at 900°C and 950°C respectively. After pre-sintering the powders were
reground for about two hours and then pelletized. In making the pellets polyvinyl alcohol (PVA) was
used as a binder. The disc shaped pellets of cobalt ferrite and nickel ferrite were finally sintered at
1050°C and 1100°C respectively. The samples were then cooled slowly to the room temperature.

Thin film of Cobalt ferrite was prepared by spray pyrolysis technique on glass substrate.
Solutions of ferric chloride are prepared in a molar proportion. The solutions were prepared in 1:2
ratio and mixed together and stirred for a long time. After this the mixed solution is sprayed uniformly
on a glass substrate through a nozzle of 0.5mm bore under a constant pressure of 5 kg/cm?. The
temperature of the glass substrate was maintained at around 450°C. The thin film of nickel ferrite was
annealed at 550°C for 2 hours.

The bulk samples of cobalt ferrite were characterized by X-ray diffraction (XRD) technique.
The X-ray diffraction patterns were recorded taken in the 20 range of 20°-80°, using Cu-Ka radiation.
The XRD data was collected at room temperature.

3. RESULTS AND DISCUSSION
3.1. Structural analysis
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Fig. 1 XRD patterns of as prepared thin film Fig.2 X-ray diffraction pattern of bulk cobalt
samples of cobalt ferrite ferrite

X-ray Diffraction is one of the most extensively used techniques for the characterization of
nanoparticle typically XRD provides information regarding the crystalline structure, nature of the
phase the lattice structure of crystalline substance like unit size dimensions, bond angles, chemical
composition and crystallographic structure of nature and manufactured material. XRD is a based on
the constructive interference of X-Ray and the sample concern which should be crystalline. Fig. 1 and
Fig 2 depicts the X-ray diffraction patterns of cobalt ferrite (CoFe.O.) respectively. X-ray diffraction
(XRD) patterns contain Bragg peaks corresponding to cubic spinel structure. No extra peaks have
been detected in the XRD patterns clearly indicate the formation of single phase cubic spinel ferrite
materials. No extra peak were found in the pictograph shows the phase purity of the sample in both
the samples prepared by solid state reaction method and pray pyrolysis methods. The investigated
samples in the pictograph of XRD. The peak are broad is in thin film and sharp intense pick are
obtained in bulk cobalt ferrite. The values obtained from X-ray Diffraction used to find inter planer
spacing ‘d’, Bragg angle ‘20°. The values of inter planer spacing ‘d’, Bragg angle ‘26’ are given in
Table 1 for cobalt ferrite. The lattice constant ‘a’ of cobalt ferrite was determined using XRD data
and the values are given in Table 1. The values of lattice constant are in the reported range [5-6].
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Table 1: Inter planer spacing (d) and Bragg angle (26) of cobalt ferrite

Cobalt ferrite
Plane
(hki) Inter planer | Bragg angle
spacing (d) (206)

(220) 2.958 30.33
(311) 2.524 35.80
(222) 2.416 36.42
(400) 2.094 43.52
(422) 1.71 54.05
(440) 1.52 62.90

Inter-planer spacing (d), Bragg angle (20) of bulk cobalt ferrite sample. Using the molecular
weights and lattice constant, the X-ray density dx of cobalt ferrite have been obtained. The value of X-
ray density for cobalt ferrite also given in Table 2.

Table 2: Lattice constant (a), X-ray density (dy), Particle size (t), Bulk density and Porosity (P) of
bulk cobalt ferrite sample

Parameter Cobalt ferrite
Lattice constant ‘a’ (A) 8.383
X-ray density ‘dc’ (gm/cm?) | 5.352
Particle size ‘t” (um) 48
Bulk density 4.228
Porosity ‘P’ (%) 21

X-ray powder diffraction (XRD) is Rapid analytical technique primarily used for Phase
identification on the crystalline material and can provide information on unit cell dimension and
atomic spacing. The X-ray generated by cathode ray tube, filtrate to produce nano-chromatic
radiation, collineated concentrated and directed towards the sample. The interaction incidence
monochromatic rays with the sample interference when condition satisfy Bragg’s law,

n\ = 2d sinf.

This equation wavelength (L) electromagnetic radiation to the diffraction angle(6) and
lattice Spacing(d) in a crystalline sample through arrangement of 20 angles. All possible diffraction
directions on of the lattice are attend to the random orientation of the powered materials. The particle
size was obtained using full width at half maxima (FWHM) of most intense Bragg peak in XRD
pattern using Scherrer equation [7]. The values of particle size for cobalt ferrite is summarized in
Table 5.2.The bulk density was measured using mass and volume of the sample and the values are
given in Table 5.2.The percentage porosity ‘P’ was obtained from bulk density and X-ray density and
the values are given in Table 2. The porosity ‘P’ of the samples of cobalt ferrite is below 15% [8].
3.1. Thin film studies

The X-ray diffraction patterns of nickel ferrite film and cobalt ferrite film prepared at 550°C
are shown in Fig. 1 and Fig. 2. No extra peak has been observed in XRD pattern. An analysis of XRD
patterns indicates that sample possesses single phase cubic spinel structure. The most intense peak of
(311) is clearly seen in the XRD patterns of as deposited thin film. The other peaks of cubic spinel
structure are appeared when films are annealed at 550°C [9-10]. The values of lattice constant for thin
films of nickel ferrite and cobalt ferrite are given in Table 3. The crystallite size for (311) plane is of
the order of 50-60nm and values are reported in Table 3.
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Table 3: Lattice constant (a) and Particle size (t) for nickel and cobalt ferrite thin film

Parameter Cobalt ferrite
Lattice constant ‘a’ (A) 8.375
Particle size ‘t’ (nm) 54

4, CONCLUSIONS

The role of several different techniques for the characterization of nanomaterial though this
Compressive summary of nanoparticle characterization methods we demonstrated the use of each one
of them emphasizing on their advantages and limitations as well as on explaining how they
can complement each other. The bulk samples of nickel ferrite and cobalt ferrite prepared by ceramic
technique. Are well characterized by X-ray diffraction technique. The structural parameter like lattice
constant of nickel ferrite and cobalt ferrite is in the reported range. The sample in the form of thin film
of nickel ferrite and cobalt ferrite are successfully prepared by spray pyrolysis technique. The X-ray
diffraction analysis reveals the formation of single phase cubic spinel structure of the prepared
materials. The resistivity obtained from current voltage characteristics is of the order of 15x107 ohm-
cm and 7x107 for nickel ferrite and cobalt ferrite.
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ABSTRACT
Nanocrystalline pure and Nickel (Ni) doped tin oxide (TiO,) powders were green synthesized using Aloe vera
gel as a fuel by combustion method. Prepared samples were characterized by PXRD and FESEM. The PXRD
analysis revealed the tetragonal rutile phase. The grain size was estimated using Debye-Scherrer equation and
Williamson-Hall method. The cell parameters were found using Rietveld refinement. The morphology study
was made using FESEM pictures.

Keywords: Titanium Dioxide, PXRD, Rietveld refinement.

1. INTRODUCTION

Titanium dioxide (TiO2) known as Titanium Oxide or titanium IV oxide or Titania, is naturally
occurring oxide of titanium [1]. Nanocrystalline TiO, has shown excellent performance by
comparison to other semiconductors such as ZnO and SnO; [2]. Titanium dioxide (TiO,)
nanoparticles are ideal semiconducting materials with large band gap for various applications such as
photo catalyst, pigments, paints, toothpaste, ointments, sun/ultraviolet light screen and self-cleaning
surface [3]. The high surface areas bring the beneficial to many TiO-based applications as it
facilitates reaction/interaction [4]. Consequently the performance of TiO.-based devices is largely
influenced by the sizes of the particles. The TiO; play an important role in the field of green energy
development. Various methods are developed for synthesis of TiO2 nanoparticles [5-7]. But many
methods are required complex equipment and complicated operations. The simple solution
combustion method is an ideal method for rapid and facile preparation of metal oxides nanoparticles
in air at ambient pressure. One of the primary environmental benefits of Aloe vera bio fuel is its
potential to significantly reduce greenhouse gas emissions. Ethanol produced from Aloe vera can be
considered a carbon-neutral fuel, as the CO; released during its combustion. The present work deals
with the synthesis, structural and morphological study of nickel doped TiO, prepared by low
temperature solution combustion method using Aloe Vera gel as a fuel.

2. EXPERIMENTAL
2.1 Materials

The raw materials used in this study are Titanium Tetrabutoxide [Ti (OCsHs)as, 97 %, Sigma
Aldrich], Nitric acid (HNOs, 70%, SD fine), nickel nitrate [Ni (NQOs)2. 6H20, 99.9% sd fine] and Aloe
Vera gel. All the reagents used in the synthesis were of analytical grade and used as received without
further purification.
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2.2 Extraction of Aloe Vera Gel

Aloe Vera leaves were collected from the plants grown in garden of the Tumkur University,
Tumkur, India. Leaves were washed thoroughly with double distilled water to remove the dust
particles. The rough outer green part of Aloe vera leaves was stripped off to get the transparent gel
(Fig. 1). The gel was cut into small pieces and grounded to get uniform concentration.

Fig. 1: Extraction of Aloe Vera gel

2.3 Preparation of Titanium Dioxide Nanoparticles

The titanium tetrabutoxide solution was mixed with 1:1 solution of nitric acid to get titanium
tetra nitrate [Ti (NOs)4] solution. Stoichiometric amount of titanium tetra nitrate and nickel nitrate [Ni
(NOs3)2. 6H20] (2-10 mol %) were dissolved in double distilled water separately. The quantity of Aloe
Vera gel was kept at 10 ml for all the samples. These three solutions were added to a pyrex vessel.
The mixed solution was heated under constant stirring at a temperature of about 100°C on a hot plate.
Then the concentration of the solution slowly became higher and eventually a gel was formed. When
the temperature of the hot plate was raised to about 300°C, the gel underwent a strong, self-sustaining
combustion reaction with evolution of gases in a large volume and pale yellow powder was formed.
The entire combustion process ended in a few seconds. The resulting powder was then fired at a
temperature higher than 400°C in a muffle furnace until complete decomposition of the carbonaceous
residues was achieved. The nanopowders produced are kept in alumina crucibles and calcinated at 800
°C for 3 hours. The following Fig. 2 shows the flowchart of preparation of nickel doped titanium
dioxide nanoparticles.

TITANIUM TETRABUTOXIDE NICKEL NITRATE NITRIC ACID ALOE VERA GEL

2

STIRRED FOR 15 MIN AT 100 C, GEL WAS FORMED

L 4

MIXTURE WAS TRANSFERRED TO MUFFLE FURNACE AT 400"C

L 2

EVOLUTION OF GASSES

¥

Ni DOPED TITANIUM OXIDE

s 4

CALCINATED AT 300°CFOR 3 HOURS.

PLACED ON A MAGNETIC
STIRRER WITH HOT PLATE

Fig. 2: Flowchart of preparation of nickel doped titanium dioxide nanoparticles

2.4 Characterization
The structural characterization of TiO, nanoparticles was performed using Rigaku powder X-
ray diffractometer (PXRD). The diffraction patterns are recorded at room temperature (RT) using
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CuKa (1.541 A) radiation with nickel filter in the range 5°-90° at a scan rate of 2° mint. Morphology
of the synthesized TiO, nanoparticles was examined by FESEM by Carl Zeiss Supra 55 (Germany)
microscope.

3. RESULT AND DISCUSSION
3.1 Powder XRD (PXRD) studies: Indexing

PXRD patterns of undoped and Ni doped TiO> powder is shown in Fig. 3. All the X-ray
diffraction peaks of the samples were matched with JCPDS card No.21-1276 and belong to a space
group P42/mnm.
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Fig. 3: PXRD patterns of Pure and Fig. 4: W-H plots of Pure and
Ni (2-10 mol %) doped TiO; nanoparticles Ni (2-10 mol %) doped TiO, nanoparticles

Particle size calculation
Particle size is the measurement of the diameter of individual particles that make up a material.

The average particle size (D) was estimated using the Scherrer equation [8]

_ 09A
- BcosH (1)

Where, D is the crystallite size,

A is the X-ray wavelength,

B is the full width at half maximum of the diffraction peak, and

0 is the Bragg diffraction angle of the diffraction peaks.

Further, strain present and grain size of TiO2 nanoparticles were estimated using Williamson-
Hall [9] plots given by,

B cosd = O'TEM + 4esinB @)

Where, ¢ is the strain associated with the nanoparticles.

Equation (2) represents a straight line between 4 sinf (X-axis) and B cosb (Y-axis). The
intercept of this line on Y-axis was used to calculate grain size (D).

The Fig.4 shows the W-H plots of the TiO2: Ni (2-10 mol %) nanopowders.

The values of particle size are tabulated in the following Table 1.
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Table 1: Particle size of TiO2: Ni Nano-powders

Particle Size (nm)
Sample Scherrer Method | W-H Plot
TiO,: Pure 50.21 53.26
TiO2: Ni 2mol% 49.95 50.49
TiO2: Ni 4mol% 45.22 48.85
TiO2: Ni 6mol% 42.65 45.24
TiO2: Ni 8mol% 41.95 43.85
TiO2: Nil0mol% 40.15 41.97

3.2 Rietveld Refinement

To get exact lattice parameters, Rietveld refinement analysis (Fig. 5) was performed by using
FULLPROF software assuming P42/mnm space group for tetragonal type structure. Pseudo-voigt function was
utilized to fit the various parameters to the data point (one scale factor, one zero shifting, four background, three
cell parameters, five shape and width of the peaks, one global thermal factor and two asymmetric factors).
Diamond software was utilized for extracting the possible packing diagram which is shown in Fig. 6. The
refined parameters and atomic functional positions are displayed in Table 2. The fitting parameters (Rp, Rwp and
%) indicate a good agreement between the refined and observed PXRD patterns.

T'rDz:hIiG- moPi

Intensity

tTi
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Fig. 6: Packing diagram of
TiO2: Ni (6 mol %) Nano powder

Fig. 5: Rietveld refinement of TiO2: Ni (6 mol %) Nano
powder

From the Rietveld refinement analysis, it is revealed that the value of cell parameter (a) and
unit cell volume decreased while that of density increased as the doping concentration increases. This
has been depicted in the Fig.7 and Fig. 8.

Fig. 7: Lattice parameter and unit cell volume of
TiO2 nanoparticles with Ni doping concentration
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Fig. 8: Density of TiO, nanoparticles with Ni

doping concentration
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Table 2: Rietveld refined structural parameters for TiO,: Ni nanoparticles

Compound Pure 2 mol% 4 mol% 6 mol% 8 mol% 10 mol%

Crystal system Tetragonal | Tetragonal | Tetragonal | Tetragonal | Tetragonal | Tetragonal
Space group P42/mnm | P42/mnm P42/mnm P42/mnm | P42/mnm | P42/mnm
Lattice parameters (A°)
a=b 45924 45916 45913 45911 45910 45908
c 2.9595 2.9588 2.9585 2.9584 2.9582 2.9580
a=p=vy 90° 90° 90° 90° 90° 90°
Unit C(eA"o;’)o'“me 623864 | 623781 | 623652 | 62.3539 | 62.3529 | 62.3451
Atomic coordinates
Ti X 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
y 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
02 X 0.29218 0.30602 0.30615 0.30453 0.30512 0.30501
y 0.29218 0.30602 0.30615 0.30453 0.30512 0.30501
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Refinement parameters
Rp 194 17.0 18.2 18.8 16.6 23.7
Rwe 26.0 22.4 22.8 25.6 25.8 32.8
Rexp 24.3 19.7 19.9 194 19.9 18.5
a 1.14 1.29 1.25 1.75 1.78 3.14
GoF 1.10 1.10 1.10 1.30 1.30 1.80
Reragg 9.34 6.33 7.52 5.59 5.75 7.52
Re 11.7 8.13 9.15 6.92 6.98 10.6
Density (g/cc3) 4314 4.447 4.449 4.456 4.459 4.465

3.3 Field Emission Scanning Electron Microscopy Study

The FESEM images of pure, 4 % Ni and 8% Ni doped TiO; are shown in Fig. 9. The large
aggregates of particles with irregular shapes can be observed. The increasing doping (Ni)
concentration affects the size and morphology of TiO». The variation of size and morphology is
clearly seen in the figures. The particles of irregular shape and size for Ni doped TiO; were observed.
The agglomeration may be due to inter atomic forces and surface tension [10].

Fig. 9: FESEM image of (a)TiOz: Pure, (b)TiO2: Ni (4mol%) and (c) TiO2: Ni (8mol%) nanopowder
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4. CONCLUSIONS

Nanocrystalline nickel doped titanium dioxide nanopowders were synthesized by green

combustion method using Aloe Vera gel as a fuel. The diffraction patterns of the nano powders were
indexed to tetragonal structure. The particle size was in the range 40-50 nm. The FESEM images
revealed the formation of agglomerated nanoparticles which may be due to inter atomic forces and
surface tension.
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ABSTRACT

The concept of data storage is often associated with modern digital technologies, yet ancient cultures employed
innovative methods to preserve and transmit information long before the advent of computers. This paper
examines the role of memory and information storage in early technologies across various civilizations, focusing
on materials such as stone, clay, papyrus, and parchment. Ancient cultures like the Sumerians, Egyptians, and
Maya developed sophisticated systems for encoding and storing knowledge, ranging from cuneiform tablets and
hieroglyphic inscriptions to the codices and quipus of the Andean region. These early data storage techniques
served not only as tools for recording transactions, laws, and religious texts but also as mechanisms for cultural
memory, preserving histories, genealogies, and scientific knowledge over generations. The paper explores the
interplay between physical materials and the concept of memory, demonstrating how the choice of medium—be
it the durability of stone or the flexibility of papyrus—affected the accessibility and longevity of stored
information. By investigating these early forms of data storage, we gain insight into how ancient societies
viewed memory, knowledge preservation, and the transmission of information across time. This research also
sheds light on the enduring impact of these technologies on the development of modern information storage
systems, drawing connections between ancient practices and contemporary digital memory structures.

Keywords: Ancient data storage Memory preservation Cuneiform tablets Cultural transmission Information
encoding etc.

1. INTRODUCTION

The preservation and transmission of information have been fundamental to human societies
since the dawn of civilization. Long before the digital age, ancient cultures developed diverse and
sophisticated methods for storing and sharing knowledge. In the absence of modern technology, these
cultures relied on physical materials such as clay, stone, papyrus, and parchment to encode
information. Early technologies of data storage were not just tools for record-keeping but integral to
the cultural fabric of these societies, shaping their ability to maintain historical records, legal systems,
and scientific knowledge.

This paper explores the role of memory and data storage in ancient cultures, focusing on how
materials and methods of encoding knowledge influenced the accessibility and longevity of
information. From the cuneiform tablets of Mesopotamia to the quipus of the Andean civilizations,
early data storage systems were essential for governance, religion, and education. Understanding these
technologies provides valuable insights into the roots of modern information systems and the enduring
human need to preserve knowledge across generations.
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1. Material Choices and Technological Innovation

Ancient societies made deliberate choices about the materials they used to store information,
influenced by factors such as durability, availability, and utility. For example:
Clay Tablets: The Sumerians, one of the earliest literate
societies, used clay tablets for cuneiform writing. These tablets
were durable, and the use of stylus marks allowed for clear and
lasting records of laws, trade, and literature. Clay tablets were
often baked or sun-dried to increase their longevity.
Stone: Cultures such as the Egyptians and the Mayans utilized
stone for monumental inscriptions. Hieroglyphics carved into
stone were used for monumental inscriptions like royal decrees,
religious texts, and historical records, intended to endure across
millennia.
Papyrus and Parchment: The Egyptians and Greeks used
papyrus, a lightweight yet durable material, for scrolls that
contained religious, philosophical, and literary works. Later,
parchment—made from animal skins—was used by the Romans
and medieval societies for manuscripts.
Wooden and Bone Records: In some regions, such as the
Andes, the Inca used materials like wood and bone to encode
data using knotted cords known as quipus. These systems
functioned as a form of record-keeping, tracking everything
from census data to agricultural production.
2. Encoding and Preservation of Information

Ancient data storage systems were highly varied in how
they encoded information:
Cuneiform and Hieroglyphs: Early scripts like cuneiform and
Egyptian hieroglyphs functioned as both writing systems and
mechanisms for storing data. Cuneiform was initially developed
to track commodities and agricultural produce, eventually
evolving into a complex script for literature, law, and science.
Similarly, Egyptian hieroglyphs, used both for religious and
administrative purposes, required a knowledge of pictorial
symbols to encode specific information.
Quipus: The Incan civilization's use of quipus is another
fascinating example of data storage. Though not a written
script, quipus encoded information through knots tied in strings,
each knot and color conveying numerical and other types of
data. This system was used primarily for accounting and census
purposes and reflects an alternative, non-literate method of data
storage.
3. Data Access and Longevity

The success of early data storage systems was not solely
dependent on the material used but also on the accessibility and
durability of these records. For example:
Stone and Clay: Stone inscriptions, although harder to
produce, were designed to last for millennia, ensuring that
important documents (e.g., royal decrees, religious codes) were
preserved for future generations. Similarly, clay tablets were
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robust enough to survive the harsh climates of the
Mesopotamian region.
Papyrus and Scrolls: While papyrus was less durable than
stone or clay, it allowed for greater portability and flexibility in
record-keeping, which was ideal for more dynamic forms of
knowledge like literature, medicine, and philosophy. However,
papyrus and early scrolls were vulnerable to decay from
moisture and time, which led to the eventual use of parchment i;"./...... X
for longer-lasting manuscripts. R
4. Role in Cultural Memory and Knowledge Transmission '
Beyond practical record-keeping, ancient data storage systems played a key role in cultural
memory. By preserving sacred texts, genealogies, legal codes, and historical accounts, early data
storage allowed societies to pass down essential knowledge and maintain continuity through
generations. The ability to record and preserve information contributed to the establishment of
institutions such as libraries, courts, and religious temples. For example:
Libraries of Alexandria: The famous Library of Alexandria in ancient Egypt housed vast collections
of papyrus scrolls, some of which contained the scientific, philosophical, and literary knowledge of
the ancient world.
Royal Inscriptions: In civilizations like Egypt and Mesopotamia, inscriptions on stone and clay were
often used by rulers to immortalize their achievements, reinforce their authority, and consolidate
power. These inscriptions often served as a form of propaganda and a means to shape collective
memory.
5. Legacy and Influence on Modern Data Storage
Ancient data storage systems influenced the development of modern information technologies.
For instance, the concept of encoding data into symbolic representations (e.g., written language or
knots) finds a parallel in digital technologies like binary encoding and data compression. Furthermore,
the idea of preserving information through durable materials is still reflected in current technologies
that prioritize long-term data storage solutions, such as hard drives and cloud databases. The efforts of
ancient cultures to externalize and safeguard memory continue to inspire contemporary advancements
in data storage and information systems.

MEMORY KEEPERS

2. CONCLUSION

The exploration of data storage in ancient cultures reveals the profound connection between
memory, technology, and information preservation in early societies. Before the advent of modern
writing systems, memory played a central role in transmitting knowledge, both orally and through
physical objects. Ancient technologies such as cave paintings, stone tablets, and early forms of writing
were not just methods of recording data—they were manifestations of cultural memory, enabling
societies to retain essential knowledge about law, agriculture, trade, and religion.

Ultimately, the study of ancient data storage practices underscores the critical role memory
played in shaping early human civilization. It also provides insight into the ongoing relationship
between human cognition and technology, which continues to evolve as we navigate the challenges of
information storage in the digital age.
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ABSTRACT

A review of what is needed to build a generic wireless network is provided. The literature attempts to discuss
the most popular wireless technologies and their protocols. An overview of the advantages that wireless
networks have over wired technology is then given. The paper also advances some of the major security risks
that wireless networks face. Various strategies that can be employed to mitigate these risks and safeguard the
privacy and security of the network are given. A review of how wireless networks can be used in education and
training is then given and it is demonstrated that the education field has benefited from the growth of wireless
technology and the cost-effectiveness of this technology

Keywords: Wireless network, Education, Technology

1. INTRODUCTION

The invention of the computer and the subsequent creation of communication networks can be
hailed as the most significant accomplishment of the 21st century. This invention has transformed
how communication and information processing take place. The network functionality of computer
systems has been exploited by the government, businesses, and individuals with immense benefits
being reaped by all. The two major types of networks in existence are fixed connections (which make
use of cables) and wireless networks (which use waves to transmit data). The backbone of the vast
communication network is made up of fixed connections which mostly utilize fiber optics as well as
Ethernet. Even so, wireless networks have gained increased popularity in the past decade. Malone
(2004) reveals that as of the year 2000, wireless networks were limited in existence due to the
prohibitive cost of wireless devices such as integrated routers access points and laptops. The hardware
cost has significantly decreased making wireless networks affordable to many individuals and
organizations. In addition to this, technological advances have increased the capacity and efficiency of
wireless networks which have made them favorably compared with wired networks. This paper will
set out to discuss wireless networking with a particular focus on the types of wireless technologies
commonly employed and the security measures used to protect wireless technology. A discussion of
how wireless technology can be used in education and training settings will also be embarked on.

2. WHAT IS WIRELESS NETWORKING?

The infrastructure of wireless networks makes use of standard protocols that are oriented
according to the demands of the network. This makes the capacity as well as the quality of services of
wireless networks vary based on the devices. Wireless networks are typically expected to deal with
devices that are made by various manufacturers. The networks are therefore supposed to be able to
support different hardware technologies, architectures, and transport protocols and control traffic flow
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within the network. All wireless networks make use of waves in the electromagnetic spectrum range.
For example, Wireless local-area networks (Wireless LANs) make use of high-frequency
electromagnetic waves to transmit data. Modulation and demodulation of the radio waves used to
transmit data occur at the transmitter and receiver respectively. They operate in the industry,
scientific, and medical (ISM) radio bands and unlicensed-national information infrastructure (U-NII)
bands (Zheng 2009). The networks are often connected to routers for them to access the internet.
Reynolds (2003) declares that Wi-Fi has the potential to let anyone with a computing device connect
to the internet at impressive speeds without the need Wireless networks also use the Open System
Interconnect (OSI) reference model in the transmission of data. The manner in which this reference
model applies to wireless networks is similar to wired networks with some differences in the data link
layer where wireless networks coordinate access by data to a common air medium and also deal with
errors that occur due to the inherent nature of the wireless medium. At the Physical layer, the data is
transmitted in the form of radio waves.

3. WIRELESS TECHNOLOGIES

There are a myriad of wireless technologies and they differ in the amount of bandwidth they
provide as well as the distance over which the nodes in the network can communicate. Zheng (2009)
observes that wireless technologies also differ in the part of the electromagnetic spectrum that they
use and the amount of power consumed. To provide physical connectivity, wireless network devices
must operate in the same part of the radio spectrum and two wireless cards therefore need to be
configured to use the same protocol on the same channel for communication to occur. There are four
prominent wireless technologies which are; Bluetooth, Wi-Fi, WiMAX, and 3G cellular wireless.
1. Bluetooth

Bluetooth (IEEE 802.15.1) is the technology that is employed to undertake short-range
communication between notebook computers, PDAs, mobile phones, and other personal computing
devices. The technology is more convenient than connecting devices with a wire to communicate.
Bluetooth operates in a license-free band at 2.45GHz and the communication range is about 10m due
to this short range, the technology is sometimes categorized as a personal area network (PAN) (Zheng
2009). A major consideration with Bluetooth technology is power usage and typically, the technology
provides speeds of up to 2.1Mbps with low power consumption.
2. Wi-Fi

Wi-Fi stands for wireless fidelity technology and the term is commonly used to describe a
wireless local area network based on the IEEE 802.11 series of standards. The IEEE 802.11 standards
resolve compatibility issues between manufacturers of wireless networking equipment by specifying
an "over the air" interface consisting of "radio frequency technology to transmit and receive data
between a wireless client and a base station as well as among wireless clients communicating directly
with each other” Wi-Fi describes a family of radio protocols which include 802.11a, 802.11b, and
802.11g. 802.11b is the most popular wireless networking protocol in use and it uses a modulation
called Direct Sequence Spread Spectrum in a portion of the ISM band from 2.412 to 2.484GHz. The
maximum speed offered by this protocol is 11Mbps with usable throughput of up to 5Mbps. 802.11a
is a protocol ratified by the IEEE and it uses a modulation scheme called Orthogonal Frequency
Division Multiplexing (OFDM) with a maximum data rate of 54Mbps. It operates in the ISM band
between 5.745 and 5.805GHz. The frequency range used by this protocol is relatively unused which
makes interference rare.
3. Wi-MAX

A popular form of broadband wireless access for fast local connection to the network is
WiIMAX. WiIMAX technology has a typical range of 1-6 miles but the technology can span a
maximum of 30 miles which has made the technology classified as a MAN. This specification has
gained great success in the provision of internet access and broadband services through wireless
communication systems. WiMAX has a high capacity which makes it efficient in data transmission
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with speeds of up to 70Mbps being provided to a single subscriber station. The original WiMAX
physical layer protocol is designed to propagate signals at a frequency of 10-66 GHz and the
technology can provide both line-of-sight coverage and optimal non-line-of-sight coverage as well.

4. ADVANTAGE OF WIRELESS OVER WIRE TECHNOLOGY

Wireless networks have several significant advantages over wired networks. To begin with, it is
relatively easier to set up a wireless network infrastructure than it is to make a wired one. This is
because the physical devices necessary for wireless networks are less than wired ones. In installing a
wired network, one would need to lay out the cables to connect the devices and this process is not
only expensive but also labor and time-intensive. Wireless networks require an access point and once
the other devices have been properly configured, they can operate. Another additional merit of
wireless networks is that expansion of an existing network is easy since connectivity is already
available within the range of the access point. The ease of deployment of wireless networks makes
them economically attractive for most organizations since the capital investment of implementing
these networks is not as intimidating as that required for elaborate wired networks. With the wide
success of wired LANSs, the local computing market has made a steady shift towards wireless LANSs
which offer the same speeds as wired LANS.

5. CONCLUSION

This paper set out to discuss wireless networks which are increasingly becoming preferred over
wired networks by many users. The paper began by offering an overview of networking and then
proceeded to define wireless networking and discuss the various technologies that are used. From the
discussions provided in this paper, it is clear that wireless network solutions are increasing in
popularity as they become more affordable and are adopted by more people. This paper has elaborated
on how wireless networks provide freedom from place restriction, scalability, and flexibility. The
most popular technologies are; Bluetooth, Wi-Fi, WiMAX, and Cellular networks. The paper has
confirmed that the mobility of wireless networks is their most desirable characteristic. It has been
noted that despite their merits, there are a few significant issues with wireless networks which are
primarily: quality assurance and security issues. Wireless links are noisier and less reliable than wired
links due to the interference that occurs as the signals are transmitted.

Engaging in site surveys before setting up a wireless network can help to mitigate this issue.
Using strong encryption standards can resolve the security issues inherent in wireless networks.
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ABSTRACT
In the era of Nano-science and Nanotechnology, magnetic material play very important role in the various
application in research and technological field. Based on the magnetic properties, the materials shoes various
interesting properties. Generally, magnetic properties are divided into two groups; intrinsic or structure-
insensitive and extrinsic or structure-sensitive. Saturation magnetization and Curie temperature are the two
prominent structure-insensitive properties. Structure-sensitive properties, on the other hand, are numerous and
may be classified further as static or dynamic, according to whether or not the property displays frequency
dependence. Induction, permeability, hysteresis loop and associated energy loss, coercive force and remanance
are structure-sensitive, static properties. Eddy current loss, resonance of spin and domain walls are structure-
sensitive dynamic properties. Here the study of various magnetic phenomenon of soft & hard magnetic material.

Keywords: Magnetism, magnetic materials, magnetic parameters

1. INTRODUCTION

Among the magnetic ceramics, magnetic oxides are the most important and rather the only
relevant materials from the point of view of their applications. They are being studied over a long
period of five to six decades for their basic properties such as structural, magnetic and electrical as
well as wide field of applications.

Magnetic oxides, which are commonly known as ferrites are ferromagnetic in structure as
originally proposed by Neel [1]. The ferrites by virtue of their structure can accommodate a variety of
cations at different sites enabling a wide variation in properties. Further variation in synthetic methods
can bring about large changes in extrinsic properties. A majority of them are high resistivity materials
making them more suitable for high frequency and low loss applications.

2. MAGNETIC PARAMETERS

The hysteresis loop is a means of characterizing magnetic materials, and various parameters can
be determined from it. From the first quadrant the saturation polarization, Js and hence the saturation
magnetization, Ms can be measured. Most of the useful information, however, can be derived from the
second quadrant of the loop, and indeed it is conventional only to show this quadrant. The field that is
produced by the magnet after the magnetizing field has been removed is called the remanence, B, or
Jr. The reverse field required to bring the induction to zero is called the inductive coercivity, sHc,
whereas the reverse field required to bring the magnetization to zero is called the intrinsic coercivity,
jHc. The maximum value of the product of B and H is called the maximum energy product, (BH) max
and is a measure of the maximum amount of useful work that can be performed by the magnet.
(BH)wmax is used as a figure of merit for permanent magnet materials.
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In addition, the shape of the initial magnetization curve and the hysteresis loop can provide
information about the magnetic domain behaviour within the material. The squareness factor is a
measure of how square the loop is and is a dimensionless quantity between 0 and 1, defined by the
ratio of the reverse field required to reduce J by 10% from the remanence to Hj. A squareness factor
of one therefore corresponds to a perfectly square loop. There are several other methods to quantify
the squareness of the loop, such as the ratio of J; to Js.

2.1. Coercivity mechanisms

There are various methods of increasing or decreasing the coercivity of magnetic materials, all
of which involve the controlling the magnetic domains within the material. For a hard magnetic
material it is desirable that the domains cannot easily rotate its direction of magnetization and that the
domain walls do not move easily and/or nucleation of domains is difficult.

To prevent easy rotation of domains the material could have a strong uniaxial magneto-
crystalline anisotropy. Alternatively, shape anisotropy can occur in needle-like particles/grains, where
the magnetostatic energy is less when the magnetization is in the long axis of the needle compared to
the short axis. If the size of a magnetic particle/grain decreases then there is a critical size below
which the decrease in magnetostatic energy by splitting into two domains is less than the increase in
energy due to the introduction of the domain wall. Particles that are below this critical size are known
as “single domain particles”, and if they have sufficiently high anisotropy to prevent the easy rotation
of the direction of magnetization then the particles will be permanently magnetic and difficult to
demagnetize. This type of coercivity mechanism can be observed in melt-spun NdFeB magnets where
the crystal size is ~50nm, compared to the critical size for single domain particles of ~300nm.

2.2. Remanence or retentivity

During the cycle of magnetization By is the amount induction remained ever after the field H is
made zero. This characteristic induction is known as remanence or retentivity.
2.3. Eddy current and associated energy losses

This property is of great importance in the application of soft magnetic metals and alloys. When
an alternating field is applied to magnetize a ferromagnetic body, an electromagnetic force (e.m.f.) is
setup in the body. If the material is also a good conductor, as with metal and alloys, the induced emf is
produced appreciable amount of currents in different regions, these currents are known as the eddy
currents and their occurrence gives rise to energy loss (W) through Joule (resistance heating). Thus,
in a.c. application, metallic ferromagnet suffers the hysteresis as well as the eddy current losses [2].
Also, W, increases with frequency according to the second power law. Hence, the eddy current loss
becomes even more burdensome than the hysteresis loss at intermediate and high frequencies.

2.3. Domains

In order to explain the fact that ferromagnetic materials with spontaneous magnetization could
exist in the demagnetized state Weiss proposed the concept of magnetic domains. Weiss built on
earlier work carried out by Ampére, Weber and Ewing suggesting their existence. The findings of this
work revealed that within a domain large number of atomic moments are aligned typically 10*2-10%8,
over a much larger volume than was previously suspected. The magnetization within the domain is
saturated and will always lie in the easy direction of magnetization when there is no externally applied
field. The direction of the domain alignment across a large volume of material is more or less random
and hence the magnetization of a specimen can be zero [3].

Magnetic domains exist in order to reduce the energy of the system. A uniformly magnetized
specimen as shown in figure 2 (a) has a large magnetostatic energy associated with it. This is the
result of the presence of magnetic free poles at the surface of the specimen generating a
demagnetizing field, Hq. From the convention adopted for the definition of the magnetic moment for a
magnetic dipole the magnetization within the specimen points from the South Pole to the North Pole,
while the direction of the magnetic field points from north to south. Therefore, the demagnetizing
field is in opposition to the magnetization of the specimen. The magnitude of Hy is dependent on the
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geometry and magnetization of the specimen. In general if the sample has a high length to diameter
ratio (and is magnetized in the long axis) then the demagnetizing field and the magnetostatic energy
will be low.

The breakup of the magnetization into two domains as illustrated in figure 1 (b) reduces the
magnetostatic energy by half. In fact if the magnet breaks down into N domains then the
magnetostatic energy is reduced by a factor of 1/N, hence figure 1 (c) has a quarter of the
magnetostatic energy of figure 1(a). Figure 1(d) shows a closure domain structure where the
magnetostatic energy is zero, however, this is only possible for materials that do not have a strong
uniaxial anisotropy, and the neighbouring domains do not have to be at 180° to each other.
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Fig. 1: Schematic illustration of the breakup of magnetisation into domains (a) single domain, (b) two
domains, (c) four domains and (d) closure domains.

The introduction of a domain raises the overall energy of the system, therefore the division into
domains only continues while the reduction in magnetostatic energy is greater than the energy
required to form the domain wall. The energy associated with a domain wall is proportional to its
area. The schematic representation of the domain wall, illustrates that the dipole moments of the
atoms within the wall are not pointing in the easy direction of magnetization and hence are in a higher
energy state. In addition, the atomic dipoles within the wall are not at 180° to each other and so the
exchange energy is also raised within the wall. Therefore, the domain wall energy is an intrinsic
property of a material depending on the degree of magneto-crystalline anisotropy and the strength of
the exchange interaction between neighbouring atoms [4-5]. The thickness of the wall will also vary
in relation to these parameters, as a strong magneto-crystalline anisotropy will favour a narrow wall,
whereas a strong exchange interaction will favour a wider wall.
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Fig.2: Schematic representation of a 180° domain wall.
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A minimum energy can therefore be achieved with a specific number of domains within a
specimen. This number of domains will depend on the size and shape of the sample (which will affect
the magnetostatic energy) and the intrinsic magnetic properties of the material (which will affect the
magnetostatic energy and the domain wall energy).

Magneto-crystalline anisotropy

In a crystalline magnetic material the magnetic properties will vary depending on the
crystallographic direction in which the magnetic dipoles are aligned. Figurel demonstrates this effect
for a single crystal of cobalt. The hexagonal crystal structure of Co can be magnetized easily in the
[0001] direction (i.e. along the c-axis), but has hard directions of magnetization in the <1010> type
directions, which lie in the basal plane (90° from the easy direction).

A measure of the magnetocrystalline anisotropy in the easy direction of magnetization is the
anisotropy field, Ha (illustrated in figure 1), which is the field required to rotate all the moments by
90° as one unit in a saturated single crystal. The anisotropy is caused by a coupling of the electron
orbitals to the lattice, and in the easy direction of magnetization this coupling is such that these
orbitals are in the lowest energy state. The easy direction of magnetization for a permanent magnet,
based on ferrite or the rare earth alloys, must be uniaxial, however, it is also possible to have materials
with multiple easy axes or where the easy direction can lie anywhere on a certain plane or on the
surface of a cone. The fact that a permanent magnet has uniaxial anisotropy means that it is difficult to
demagnetize as it is resistant to rotation of the direction of magnetisation [6].

Magneto-striction

Magnetic body opposes to elastic changes in the dimension due to magnetization and this
effect is known as magnetostriction. Magnetization change in a body in the length &/l and its changing
from zero to saturation and applied magnetic field increases along with in direction of parallel
direction and this magnetostriction gives the +ve when an increase the magnetic field and this
magnetostriction reaches the magnetization saturation. Additional anisotropy is introduced in a
magnetic material if it is subjected to a unidirectional stream. For example, in Fe under tension a
preferred direction of magnetization parallel to the direction of stress is introduced.

3. CONCLUSION

Magnetism is very important in the study of nature of material. Different kind of materials are
classified in various category. Soft magnetic materials have a high permeability, which means they
can quickly establish and sustain magnetic fields within them. Ferro- or ferromagnetic material is
ahard or asoft magnet depends on the strength of the magnetic field needed to align
the magnetic domains.
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ABSTRACT

The Curie temperature (Tc) is a critical physical property of ferrite materials that marks the transition between
ferromagnetic and paramagnetic phases. This study investigates the Curie temperature of various ferrite
compounds using multiple techniques, including Differential Scanning Calorimetry (DSC), vibrating sample
magnetometry (VSM), and X-ray diffraction (XRD). The results from these techniques were compared to
understand the advantages and limitations of each approach. The relationship between the composition of ferrite
and its Curie temperature was also explored, providing valuable insights into material design for specific
applications in electronic, magnetic, and sensor technologies.

Keywords: Curie temperature, Ferrite Materials, Magnetic Properties, X-ray Diffraction (XRD)

1. INTRODUCTION

Ferrites are ceramic materials composed of iron oxide (Fe, Oz ) combined with other metal
oxides like manganese, zinc, or nickel. Due to their magnetic properties, ferrites have wide
applications in electronics, telecommunications, and magnetic data storage. The Curie temperature,
Tc, is a key factor influencing the ferromagnetic to paramagnetic phase transition of these materials.
Understanding and accurately measuring the Curie temperature is vital for improving their
performance in high-temperature applications. The Curie temperature (Tc) is the temperature above
which ferromagnetic materials lose their permanent magnetic properties and transition into a
paramagnetic state. In the case of ferrites, a class of ceramic materials often used in magnets and
electronic components, the Curie temperature is crucial for understanding their magnetic behaviour.
To determine the Curie temperature of ferrites, several techniques can be used. These techniques vary
in their approach and accuracy, but they all rely on the change in magnetic properties as the material
is heated. This paper aims to analyze the Curie temperature of ferrite materials using various
experimental techniques, focusing on the applicability, precision, and limitations of each method.

2. EXPERIMENTAL

The Curie temperature is an important property of magnetic materials, indicating the
temperature at which a ferromagnetic material transitions into a paramagnetic state. Understanding
how to accurately measure this temperature is crucial for various applications in magnetism, material
science, and electronic engineering. The ferrite samples used in this study include MnFe, O, ,
NiFe, O, , and ZnFe, O, , with compositions confirmed by X-ray diffraction (XRD) and energy
dispersive X-ray analysis (EDX).
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Techniques Used:
1. Differential Scanning Calorimetry (DSC):
DSC was employed to measure the heat flow associated with the phase transition from
ferromagnetic to paramagnetic behavior as the temperature increased. The Curie temperature
was determined by analyzing the peak in heat capacity corresponding to the phase transition.
2. Vibrating Sample Magnetometry (VSM):
The magnetization vs. temperature curves were measured using a VSM system. The Curie
temperature was inferred from the temperature at which the magnetization abruptly decreases
to zero, signifying the loss of ferromagnetic order.
3. X-ray Diffraction (XRD):
XRD was used to confirm the structural properties of the ferrite materials at various
temperatures. Phase transitions were tracked by examining the lattice parameters and the
intensity of diffraction peaks, which can shift with temperature.

3. METHODS OR TECHNIQUES
e The ferrite samples were heated in a controlled environment, and each technique was used to
collect data across a temperature range from room temperature up to 500°C.
e DSC and VSM were conducted simultaneously to correlate thermal and magnetic properties.
o XRD patterns were recorded at different temperatures to analyze the phase transitions.

4. RESULTS AND DISCUSSION

The Curie temperature (Tc) is the temperature above which ferromagnetic materials lose their
permanent magnetic properties and transition into a paramagnetic state. In the case of ferrites, a class
of ceramic materials often used in magnets and electronic components, the Curie temperature is
crucial for understanding their magnetic behaviour.
4.1. Curie Temperature from DSC

The DSC curves exhibited a clear endothermic peak for each ferrite sample, which corresponds
to the Curie temperature. The Curie temperatures of MnFe, O, , NiFe; O, , and ZnFe, O, were
found to be 330°C, 375°C, and 425°C, respectively Fig.1. These values are consistent with previously
reported data in the literature.
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4.2. Curie Temperature from VSM

The VSM results showed a significant drop in magnetization as the temperature approached the
Curie point shown in Fig.2. The temperatures determined from the magnetization curves (Tc) were
335°C, 370°C, and 420°C for the three ferrite samples. The slight variation between DSC and VSM
measurements could be attributed to the differences in the experimental conditions and sample
preparation.
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4.3. XRD Analysis

The XRD patterns confirmed that the ferrites retained their cubic spinel structure across the
measured temperature range. Minor changes in lattice constants were observed as the temperature

increased, with a clear transition corresponding to the Curie temperature. The phase transition was

further supported by the disappearance of the magnetic diffraction peak at higher temperatures.
4.4. Comparison of Techniques
e DSC is highly sensitive to thermal transitions, providing precise values for the Curie
temperature but may lack the ability to distinguish subtle changes in magnetic properties.

e VSM directly measures the magnetic behaviour, making it more reliable for magnetic phase
transitions but requiring careful calibration.

o XRD offers valuable structural insights but may not be as direct in determining the Curie
temperature unless coupled with thermal analysis.

4.5. Summary of Techniques

Technique

Main Feature

Advantages

Limitations

Magnetic
Susceptibility

Measures change in
susceptibility with
temperature

Simple, widely used

Influenced by sample
shape/size

Vibrating Sample

Measures magnetic

High accuracy,

Sophisticated

Magnetometer moment with temperature detailed equipment required
(VSM) measurements

Differential Scanning | Measures heat flow related | Direct indication of | Not ideal for all
Calorimetry (DSC) to phase transition phase change ferrite types
Massbauer Measures hyperfine Detailed magnetic Requires well-
Spectroscopy interactions state information prepared samples

X-ray Diffraction
(XRD)

Detects structural changes
with temperature

Structural and
magnetic insights

May not clearly
detect the magnetic
transition

o . Direct and . .
Magnetization vs Direct measurement of Requires precise
- commonly used .
Temperature Curve magnetization method equipment control

5. CONCLUSION

This study demonstrates that various techniques, such as DSC, VSM, and XRD, provide
complementary data on the Curie temperature of ferrites. While each method has its advantages and
limitations, combining these techniques yields a comprehensive understanding of the magnetic and
thermal properties of ferrite materials. The composition of ferrites plays a crucial role in determining
their Curie temperature, which has significant implications for their application in high-temperature
environments and electronic devices.
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ABSTRACT
Fluid dynamics plays a vital role in comprehending various biological processes. Blood flow in arteries and
veins, airflow in lungs and gas exchange can be studied effectively by fluid dynamics concepts. The movement
of sperm during reproduction, mucus clearance in airways, and nutrition transport in cells can also be studied
using fluid dynamics. Marine organisms and birds follow fluid mechanics. By bridging the fields of biology and
physics, this multidisciplinary approach improves medical care, creates biomimetic designs, and deepens our
understanding of life processes. This paper presents a review of fluid dynamics' significant contributions to

biology, highlighting its influence on biomechanics and healthcare.

Keywords: Fluid Dynamics, Cellular and Microfluidic Transport, Blood Circulation, Respiratory System,
Biological processes

1. INTRODUCTION

Science is very vast branch of knowledge including various subject. Science is the leading
multidisciplinary, international research including analysis and news coverage of breakthroughs and
policy. It has several branches like biology, chemistry, physics, and mathematics etc. Each branch
deals with specific knowledge. In present scenario there is an interdisciplinary approach in science.
Integrating knowledge and methods from multiple scientific disciplines to tackle a problem, creating a
more comprehensive understanding by combining perspectives from different branches. It includes
looking at a complex issue from various angles to gain a deeper understanding.

Fluid dynamics is a subdiscipline of fluid mechanics used in Physics, Physical Chemistry and
Engineering. It describes flow of fluids, liquids, and gases. Fluid dynamics has numerous
subdisciplines including aerodynamics and hydrodynamics. It plays a vital role in study of various
biological processes such as blood flow within the human body. The basic mechanisms of living
things can be better understood by applying the concepts of fluid mechanics. The effective flow of
fluids is necessary for many biological processes to maintain life, control homeostasis, and provide
vital gasses and nutrients. Fluid dynamics plays a crucial role in the microscopic explanation of
biological transport mechanisms in addition to human physiology. The laws of fluid flow control the
movement of aquatic organisms, the intracellular transfer of cytoplasmic components, and the passage
of sperm cells through reproductive fluids. Fluid dynamics contributes to various biological processes,
highlighting its significance in physiology, bioengineering, and medical research. Researchers can
develop novel diagnostic tools and therapeutic strategies to address critical health challenges by
integrating fluid mechanics with biological sciences.

101


https://en.wikipedia.org/wiki/Aerodynamics

Current Research in Science and Technology ISBN: 978-81-970491-2-5
Cardiovascular system and Blood Flow

Blood circulates by veins back to the heart and by arteries away from it. The circulatory system
removes waste materials like carbon dioxide and delivers nutrition, hormones, and oxygen to cells. To
keep things moving in the proper direction, these paths can only go in one direction. One of the most
critical applications of fluid dynamics in biology is the study of blood flow within the cardiovascular
system. Blood acts as a hon-Newtonian fluid because it does not follow Newton's law of viscosity. Its
viscosity changes when it is under stress, and it is not constant. Non-Newtonian fluids can be affected
by changes in temperature, pressure, and composition. They become less viscous when pressure is
applied and become more viscous when left unused for a long time. They exhibit both viscous and
elastic properties when deformed [1].

Respiratory system and the flow of air

The respiratory system is a biological system consisting of specific organs and structures used
for gas exchange in animals and plants. Fluid dynamics is crucial in understanding airflow through the
respiratory system, particularly in analyzing how air moves through the nasal cavity, trachea, and
lungs. Influid dynamics, turbulent flowis fluid motion characterized by disordered changes
in pressure and velocity flow. In laminar flow a fluid flows in parallel layers with no disruption
between those layers. Study of such air flow through respiratory track helps in diagnosis of
obstructive pulmonary diseases like asthma and chronic bronchitis [2].

Cellular and Microfluidic Transport

Cellular and microfluidic transport refers to the movement of molecules and substances within
a cell. At the microscopic level, fluid dynamics controls the movement of waste products and
nutrients into and out of cells. Capillary action in cells states to the movement of fluids within the tiny
spaces inside a cell. This occurs due to the forces of attraction between the fluid and cell walls and
attraction between fluid molecules. This allows liquids to flow through narrow channels without
external forces like gravity.

In biological systems, osmosis helps the movement of water molecules across a semipermeable
membrane in cells which maintains their internal fluid balance. It is important for nutrient absorption,
waste elimination, cell life regulation, water balance maintenance. Diffusion is an important process
in the biological system that moves substances in and out of cells and tissues. It is responsible for
many biological processes such as respiration, temperature regulation, and waste removal [3].
Bio-locomotion and Swimming Microorganisms

Swimming microorganisms move throughout water utilizing several kinds of processes, such as
cilia, flagella, and pseudopods. Bacteria such as E. coli use helical flagella to drive themselves, while
sperm cells rely on a whip-like motion. By calculating the ratio of inertial to viscous forces, the
Reynolds number assists in forecasting fluid flow patterns in various scenarios. Flows tend to be
dominated by laminar flow at low Reynolds numbers, while at high Reynolds numbers, flows tend to
be turbulent. Type of flow whether it is laminar or turbulent affects swimming of fish in water [4].

2. CONCLUSION

Fluid dynamics plays a crucial role in clarifying various biological processes. Researchers have
gained deeper insights into blood circulation, respiratory airflow, and nutrient transport, contributing
to advancements in medical diagnostics and treatments by applying principles of fluid mechanics.
Continuous evolution of fluid dynamics will undoubtedly enhance our ability to diagnose, treat, and
prevent various medical conditions, ultimately improving human health and well-being.
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ABSTRACT
In the present work, NiixCuxFe;O4 (with x = 0.2, and 0.6) ferrite samples prepared by standard ceramic
technique is investigated. The samples have been studied using X-ray diffraction technique. X-ray diffraction
studies of compositions revealed the formation of single-phase cubic structure. The initial permeability pi was
measure using LCR-Q meter. It is found that ui increase with Cu substitution. By using permeability versus
temperature plot Curie temperature was measured.

Keywords: X-ray diffraction, Initial Permeability, Curie temperature.

1. INTRODUCTION

Several mixed metal oxides with iron oxide as their main component having the formula
MFe,O, have been investigated and found to have interesting structural, electrical and magnetic
properties. Due to their remarkable electrical and magnetic properties they are used in many
technological applications [1]. Spinel ferrites are commercially important materials because of their
excellent electrical and magnetic properties. Interesting physical and chemical properties of ferrites
arises from ability of these compounds to distribute cations amongst the available tetrahedral (A) site
and octahedral [B] site and magnetic A-A, B-B and A-B interactions. Ferrites are generally classified
into two groups, hard ferrites and soft-ferrites. Ferrites for which coercive field is small are termed as
soft ferrites. Polycrystalline ferrites which have many applications in microwave frequencies are very
good dielectric materials. The basic structural and magnetic properties of spinel ferrite are depends
upon several factors such as method of preparation, preparative parameters and preparative
conditions, nature, type and amount of dopant [2-6].

Extrinsic property such as permeability losses even depend on microstructure as well as
sintering condition [7]. Among the spinel ferrites, the inverse type is particularly interesting due to its
high magneto-crystalline anisotropy, high saturation magnetization, and unique magnetic structure.
Nickel ferrite (NiFe2O4) is an inverse spinel with cubic structure shows ferrimagnetisms that
originates from magnetic moment of anti-parallel spins between Fe** ions at tetrahedral sites and Ni?*
ions at octahedral sites [8]. Spinel ferrites are important in several applications, hence studies of
structural, electrical, magnetic and other properties of spinel ferrites are very essential [9, 10]. The
interest in these materials is sustained till date because of their applications in the field of drug
delivery, multilayer chips, magnetic recording, sensors, catalysts, etc. [11- 13].

The substitution of divalent, trivalent and tetravalent ions in spinel ferrites leads to
diversification in various properties. The properties of spinel ferrites can be modified by substituting
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the various kinds of cations. In the literature, many reports are available on the structural, electrical
and magnetic properties of Zn, Cd, Al, Cr, Ti, Mn substituted spinel ferrites [14, 15].

Nickel ferrites (NiFe,O4) and substituted nickel ferrites have been the subject of extensive
investigation because of their high-frequency application. Copper ferrite (CuFe,0.) is a distinguished
among other spinel ferrites by fact that it under goes structural phase transition accompanied by
reduction crystal symmetry to tetragonal due to cooperative Jahn-Teller effect. However there are
differences about the phase transition temperature of Copper ferrite [16, 17]. Copper ferrite is random
spinel ferrite and possesses tetragonal structure. Both nickel and copper ferrite is important from the
point of view of their applications. Abnormal thermal, magnetic and dielectric properties of Cu-
containing ferrite have been reported [18, 19]. In this paper we report our results on initial
permeability of Nickel-Copper spinel ferrite.

2. MATERIALS AND METHODS

Polycrystalline spinel ferrites of the chemical composition NiixCuxFe;O4 (x = 0.2 and 0.6)
were prepared using the standard ceramic method. A.R. grade NiO, CuO and Fe;Os; oxides in
appropriate molar proportions were used for the preparation of ferrite. The compositions of these
ferrites are shown in Table 1. The oxides were mixed thoroughly and wet ground by using an agate
mortar. First pre-sintering of powder was carried out at 1225K for 12 hr followed by a slow cooling.
The sintered powder is again reground and sintered at 1375K for 12 hr. To measure the initial
permeability toroids of outer diameter 2 cm and inner diameter 1 cm are prepared. The prepared
samples were characterized by X-ray powder diffractometer (model PW 3710) using Cu-K,, radiation
(. = 1.5405A) in the 20 range 20°-80°.

Table 1: Chemical composition of Ni1-«CuxFe,O4 system in mole percentage.

Composition X NiO | CuO | Fe03

0.2 40 10 50

0.6 20 30 50

The initial permeability as a function of temperature was measured for 1 KHz frequency.
Toroidal cores were used for the inductances measurements because they can provide potentially the
greatest band width since it has no residual gap & proper winding gives minimal leakage inductance.

3. RESULTS AND DISCUSSION
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Fig. 1: XRD patterns of Nis.xCuxFe;O4 for Fig. 2: Permeability versus temperature plot of
x=0.2 Ni1xCuxFe;O4 system at x = 0.2
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The structural characterization of these two samples of spinel ferrite system Nii.xCuxFe04 (X=
0.2 and x = 0.6) was carried out using X-ray diffraction technique. Results indicate that these oxides
crystalline with a single phase cubic spinel structure. Fig.1 shows the typical X-ray diffraction (XRD)
pattern of Ni;xCuxFe204 (for x = 0.2) spinel ferrite system. The XRD patterns indicates that all the
composition exhibits single phase cubic spinel structure and exclude the presence of any secondary
phase. The Braggs reflection observed in XRD pattern are intense and sharp. The XRD pattern shows
the reflections (220), (311), (222), (400), (422), (511), (440) and (533) belonging to cubic spinel
structure. The analysis of XRD pattern reveals the formation of single phase cubic spinel structure. No
extra peak has been detected in the XRD pattern.

The initial permeability (i) was obtained by measuring inductance of the toroid using LCR-Q
meter and was calculated using the following relation.

L =0.0046 N* h p, Loglo(d—zJ
d,
Where, d; s the outer diameter,
d: is the inner diameter,
L is inductance in micro-Henry,
H is the height in inches,
Wiis initial permeability and
N is number of turns of wire.

The variation of permeability wi was measured as a function of temperature. The plot of
permeability versus temperature for typical sample x = 0.2 is shown in Fig. 2. It is observed from
permeability versus temperature plot that permeability increases slowly as temperature increases and
attains a maximum value. Thereafter, permeability suddenly falls down. The curve exhibits tailing
effect. Using these plots Curie temperature of all the samples was also obtained.

The values of initial permeability at room temperature for all the samples were also calculated
and the values are presented in table 2. It can be seen from table 2 that initial permeability increases
with copper substitution. Similar variation in permeability with composition was observed in other
well-known ferrite spinel [20]. The values of Curie temperature obtained from permeability versus
temperature plot was also shown in table 2. Curie temperature is decreases as Cu concentration
increases.

Table 2: Initial permeability (ui) at room temperature and Curie temperature (T¢) for
Ni1-xCuxFe204 system

Composition x Permeability pi Curie Temperature Tc (K)
0.2 23.19 803
0.6 40.96 703

4. CONCLUSIONS

The single phase nature of all the samples of Ni-Cu spinel ferrite was confirmed by X-ray
diffraction analysis. The initial permeability increases with increase in copper content X. The
permeability values are affected much by copper substitution. Temperature dependence of initial
permeability gives the values of Curie temperature. Curie temperature decreases with increasing
copper content.
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ABSTRACT

Plants have been used as medicine for centuries and are an essential part of India's health-care system. Tridax
procumbens Linn. (Asteraceae), a medicinally significant plant typically found in subtropical regions growing
largely at waste locations and roadsides across India during the rainy season, was chromatographically analyzed
in the current study for different phytochemicals contained in it. Alkaloids, flavonoids, phenols, saponins,
steroids, and tannins were detected in the methanolic extract of Tridax procumbens (METP). Tridax
procumbens L. is a medicinal herb that can be consumed to cure bronchial catarrh, diarrhea, dysentery, and liver
illness. In this work, we investigated the ability of T. procumbens to cure hyperuricemia, oxidative stress, and
bacterial infection.

1. INTRODUCTION

Medicinal plants, which contain various active constituents of medicinal significance, are
employed as an excellent source of treatment for treating human disorders. The permanent
consequences of contemporary medicines, along with developing medication resistance, have
increased our reliance on medicinal plants as a natural therapy against dangerous and contagious
illnesses [1]. Today, over 40% of the population reports using the plant to cure medical illnesses.
Tridax procumbens, also known as Coat Button and Ghamra, is a highly powerful weed and
flowering plant among the 30 species in the Asteraceae family. [2]

Furthermore, the plant has been shown to have hepatotoxic, antioxidant, and hair-growth-
promoting properties. According to data that are now available, T. procumbens has been utilized
for its anti-ailment properties since ancient times, making it one of the most significant
medicinal plants. [3]. Depression, another name for depressive disorder, is a prevalent mental
illness. It entails a persistently low mood, loss of enjoyment, or disinterest in activities.

Depression differs from normal mood swings and sentiments about day-to-day living. All
facets of life, including those with friends, family, and the community, may be impacted. It may
be the cause of or contribute to issues at work and school [4]. Anyone can experience
depression. Depression is more common in people who have experienced abuse, significant
losses, or other stressful situations. Compared to men, women are more prone to experience
depression. An estimated 3.8% of people suffer from depression, which includes 5.7% of
individuals over 60 and 5% of adults (4% of males and 6% of women). Depression affects about
280 million people worldwide. Women are almost 50% more likely than men to experience
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depression.

Over 10% of women who are pregnant or recently gave birth worldwide suffer with
depression. Every year, almost 700,000 people lose their lives to suicide. The fourth most
common cause of mortality for people aged 15 to 29 is suicide.

More than 75% of people in low- and middle-income nations do not obtain treatment for
mental problems, despite the fact that there are proven, efficient treatments for them. Lack of
funding for mental health services, a shortage of qualified medical professionals, and the stigma
attached to mental illnesses are all obstacles to providing good care [7].

2. MATERIAL AND METHODS
Collection of Plants

The local murmur area is where the leaves of T. procumbens (Linn.) were gathered. For two
weeks, T. procumbens was cleaned and allowed to dry in the shade. Fine powder was made.
Preparation of Plant Extract:

Preparation of Powder:

Tridax procumbens leaves were gathered and allowed to dry in the shade. They were mechanically
crushed into a fine powder after drying, then sieved through 60 mesh and kept in an airtight container.
Later extraction procedures made use of this powdered substance.

Preparation of Hydroalcoholic extract by using Soxhlet apparatus:

A Soxhlet device with 70% ethanol was used to hot extract 500 g of the plant's dried leaves.
Following the completion of the extraction procedure, the solvent was removed at a lower pressure, and
the resultant extract was kept for later examination in a vacuum desiccator.

Preparation of Agueous extract by using Soxhlet apparatus:

To acquire extracts for further analysis and research, the air-dried plant powder was treated to
aqueous extraction using a Soxhlet device. Making an aqueous extract using lyophilization:

Distilled water was mixed with the powdered plant material in a 1:5 ratio, and the mixture was
left to stir overnight at room temperature. The mixture was then filtered using a Whatman filter to get
rid of any solid residue. Filter paper number one. After being freeze-dried, the resultant aqueous
extract was kept in an airtight container.
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Preliminary Phytochemical Screening:

Standard test procedures were used to perform a preliminary phytochemical screening and
guantitative test for the presence of phenols, tannins, flavonoids, alkaloids, terpenoids,
anthraquinones, steroids, and saponins. Using established techniques, these phytochemicals were
identified based on their color change characteristics:
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Tests for Phenols:

When 0.5 ml of FeCls (w/v) solution was added to 2 ml of test solution, a strong hue formed,
indicating the presence of phenols.
Test for Flavonoids:

NaOH Test:

A test tube was filled with two to three milliliters of extract and a few drops of sodium
hydroxide solution. The absence of flavonoids 12 was revealed by the formation of a bright yellow
color that did not turn colorless when a few drops of diluted HCI were added.

An estimated 3.8% of people suffer from depression, which includes 5.7% of individuals over
60 and 5% of adults (4% of males and 6% of women). Depression affects about 280 million people
worldwide. Women are almost 50% more likely than men to experience depression.

Shinoda Test:

Concentrated HCI was poured dropwise to a test tube containing two to three milliliters of extract and
a few pieces of magnesium metal. The development of a magenta hue suggested the presence of
flavonoids.

Test for Tannins:

Gelatin Test:

The extract was mixed with a solution of gelatin, which dissolves instantly in warm water. The
presence of tannins 14 was detected by the formation of white precipitate.

Lead Acetate Test:

Five milliliters of extract were mixed with a few drops of a 10% lead acetate solution. The presence of
tannins was detected by the formation of a yellow or red precipitate. Test for Saponins: 14.

Foam Test:

For 15 minutes, the extract was shaken in a graduated cylinder after being diluted with 20 milliliters
of distilled water. Saponins were detected by a 1 cm layer of foam. 13. Hemolysis Test: A glass slide
was coated with one drop of extract and one drop of blood. The hemolytic zone showed up on 13.
lodine Test for Alkaloids: When a few drops of diluted iodine solution were added to three milliliters
of test solution, the result was a blue tint that vanished when the mixture boiled and returned when it
cooled. Wagner's Test: Two to three milliliters of the extract were mixed with a few drops of
Wagner's reagent. Alkaloids 15 were present when a reddish-brown precipitate formed.

Total Flavonoid Content

With some adjustments, a colorimetric test as previously described [28] was used to determine the
total flavonoid levels. In a 96-well microplate, 100 pyL of aluminum (I11) chloride hexahydrate (2%
wi/v in water) was combined with 100 uL of either 100 pL sample (1 mg/mL) or quercetin standard
(5-25 pg/mL). A microplate reader (MultiskanTM Microplate Spectrophotometer, Thermo Fisher
Scientific, Osaka, Japan) was used to measure the absorbance of the reaction mixture at 430 nm
following a 15-minute incubation period at room temperature. Mg of quercetin equivalent (QE) per
gram of extract or fraction (r2 = 0.999) was used to express the overall flavonoid contents.

Molecular docking

The capacity of molecular docking to anticipate the binding location and ligand-protein binding
affinity makes it a popular tool in drug creation. PubChem provided the three-dimensional structures
of every compound. MAPK1, MAPKS8, CCNDI, and other key targets' crystal structures were
available in the Protein Data Bank (PDB) database (https://www.rcsb.org/). [8][9] Molecular docking
was performed using Autodock Vina v1.1.2 from the Scripps Research Institute to convert structural
files to PDBQT format. A cavity detection method based on curvature was used to identify the sizes
and centers of binding sites. After ligand docking, Vina scores-a measure of action. Using a
curvature-based cavity detection method, binding site sizes and centers were ascertained. Vina scores,
which measure binding affinity, were derived using ligand docking; more negative scores signify
more stable ligand-receptor binding.[10][11].
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3. RESULTS

Table 1: The yield of Tridax procumbens leaves various extracts:

Sr. No Extract % Yield
1. Hydroalcoholic extracted by using Soxhlet apparatus 18.75
2. Agueous extract by using Soxhlet apparatus 15.18
3. Aqueous extract by lyophilization 17.89

Table 2: Preliminary Phytochemical Screening and Quantitative Test

Observation
Hydroalcoholic Aqueous Extract Agueous
Sr. No Test Extract by Soxhlet by Soxhlet Extract by
apparatus apparatus Iyophilization
Flavonoids
1 e sodium hydroxide test * N *
) . + + -
e Shinoda test + ) +
e lead acetate test
9 Tannin i i i
' e Gelatin test
Saponin
3. e Foam test : I I
e Hemolysis test
Alkaloids
4. e lodine test N N ¥
+ +
e \Wagner's test -
Table 4: Quantitative Analysis: Total Flavonoid Content
Sr. No Extract TFC
1 Hydroalcoholic extract 143.25mg/g
2 Agueous Extract (Soxhlet apparatus) | 99.5mg/g
3 Aqueous Extract (lyophilization) 60mg/g
Table 5: Molecular docking Results
Sr. No ESRI CONDI MAPKI MAPKS8
Kaempferol -6.9 -6.9 -6.6 -6.9
Quercetin -7 -7.4 -7.1 -7.6
4. DISCUSSION

Tridax procumbens contains several phytoconstituents including kaempferol, quercetin, rutin,
taxifolin which have been reported as antidepressants. The different extract like hydroalcoholic
extract, aqueous extract by Soxhlet apparatus, aqueous extract by lyophilization were subjected to
phytochemical investigation, total flavonoids content analyses. Hydroalcoholic extract of Tridax
procumbens by Soxhlet apparatus showed superior presence of flavonoids, alkaloids, phenolics a
compared to aqueous extract. The quantitative analysis of Tridax procumbens showed that
hydroalcoholic extract has highest level of total flavonoid content, followed by lower concentration in
aqueous extract obtained through Soxhlet apparatus and lyophilization. Molecular docking was
performed for predicting the binding affinity and interaction between ligands and protein targets
involved in disease like depression. The study utilized three dimensional structures of compounds
obtained from PubChem and crystal structure of protein targets obtained from protein data bank.
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Phytoconstituents such as kaempferol, quercetin binds with MAPK1, MAPKS8, and CCNDI with good
binding affinity. This suggest that hydroalcoholic extract of Tridax shows higher concentration of
phytoconstituents and the phytoconstituents present in Tridax procumbens extract shows
antidepressant activity by our in silico docking study.

1L Ouercetin
L. Turget ESRIOPDE 1D MON72
L Kaemplervd

Tarpet COUND (P20

Ouerveram

5. CONCLUSION

The findings of our present study suggest that hydroalcoholic extract of Tridax procumbens

shows greater phytoconstituents like flavonoids, alkaloids etc. previously it is reported that flavonoids
shows antidepressants activity. The flavonoids docked with the receptors involved in depression and it
shows greater binding affinity. However, precise mechanism is need to be understood, in future in
vivo study would be required to know the extract mechanism by which Tridax procumbens shows
antidepressant activity.
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ABSTRACT

Any materials can be identified by its crystal chemistry which include structure and properties. A ferrite
magnetic material typically has a crystal structure called "spinel,” where the basic unit is a cubic close-packed
lattice of oxygen anions with metal cations (usually including iron) occupying either tetrahedral or octahedral
interstitial sites, represented by the chemical formula AB, O, , where A and B are different metal cations; the
distribution of these cations across the sites determines the specific magnetic properties of the ferrite material,
with variations like "normal™ and "inverse" spinel structures possible depending on the composition and cation
arrangement. In this review article we are focused on crystal chemistry of ferrite magnetic material in brief.

Keywords: Crystal chemistry, Ferrite, magnetic materials, Composition

1. INTRODUCTION

The advances made in physics and chemistry of solids has led to the recent progress in science
and technology. Physics and chemistry of condensed matter draw attention to chemical composition,
atomic configuration, electrical and magnetic properties, crystal structure etc. of the solids. It also
helps to co-relate the physical and chemical properties of solids and their use in technological
applications. Due to the needs of society, material science dealing with physics and chemistry of
solids along with engineering and technology was developed. In the recent years, solid state physics
mainly concentrates on crystal structure, chemical and physical properties of solids. A proper
understanding of the nature and properties of solids form the basis for developing new tailor-made
materials with the desired properties that can be used in many electrical and electronic devices [1].
Among the magnetic ceramics, magnetic oxides are the most important and rather the only relevant
materials from the point of view of their applications [2]. They are being studied over a long period of
five to six decades for their basic properties as in the wide field of applications.

2. NATURE OF FERRITE

Ferrites are ceramic ferromagnetic materials with the general chemical composition MO-Fe;Os
where M is a divalent metal such as iron, magnesium, nickel, zinc, cadmium, cobalt, or a mixture of
these [3-4]. The trivalent Fe3* ions can be replaced by other trivalent ions like aluminum, gallium,
chromium, indium, etc. The high valence cations like niobium, antimony, molybdenum etc. can also
be incorporated in the spinel lattice. By replacing M we can get number of ferrites which have its own
features and all of them are useful in many applications. Usually, cations of larger radii occupy
octahedral B-site whereas, cations of lower radii can occupy tetrahedral A-site. The ionic radii of the
substituting ions should be between about 0.5 A to 1 A.
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Chemical composition and crystal structure

The spinel crystal structure is determined primarily by the oxygen and oxygen ion lattice.
Consequently, the crystal structure can be thought of as being made up of the closest possible packing
of layers of oxygen ions, with the metallic ions fit in at the interstices.

The unit cell is cubic, each unit cell contains eight Me?*Fe>**O4 molecules [5]. The space
group is FdsmOx’.The oxygen ions form a nearly closely packed cubic structure and the metal ions are
distributed over the tetrahedral and octahedral holes. In a unit cell, eight tetrahedral and sixteen
octahedral sites are occupied by the metal ions. The tetrahedral and octahedral sites are conventionally
called A and B sites respectively. The oxygen ion positions are defined by a crystallographic
parameter ‘u’, which generally lies between 0.375 A and 400 A.
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Fig. 1: Atomic arrangement at tetrahedral (A) and octahedral [B] site in spinel structure

The ion packing situation is indicated in Fig. 1 (a). Where, the solid lines represent the top layer
of oxygen spheres while the dotted lines represent the bottom layer of oxygen spheres. Upon close
examination, it can be seen that there are two kinds of interstices, denoted by letters A and B. A
metallic ion located at the A site has four nearest oxygen ion neighbours, three oxygen ions in the
bottom layers and one oxygen ion in the top layer (Fig. 1. b). In other words, it is in a site of
tetrahedral co-ordination. If the metallic ion is located at B site, it has six nearest oxygen ion
neighbours. These oxygen ions are situated at the corners of an octahedron (Fig. 1. C). Thus, the
metallic ion is in a site of octahedral co-ordination. For zinc and cadmium ferrites, the divalent
metallic ions Zn** or Cd** are at the A site, while the two trivalent ferric ions 2Fe*** are at the B site.
This structure is same as that of normal spinel. A diagram of the unit cell of the spinel crystal
structure is shown in Fig. 2 where the Mg**, Al***, and O ions are represented by spheres of different
sizes and shapes.

w
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>

Fig. 2: Crystal structure of spinel ferrite Fig.3: Surroundings of an oxygen in spinel ferrite

Actually, most of the simple ferrites, e.g. NiFe;O4 are of the inverse spinel structure in which
one trivalent ferric ion Fe™™ is at the A site while the remaining trivalent ferric ion Fe*™™ and the
divalent metallic ion M** are at the B site [6].

It is interesting to note here that if electrons were transferred from the divalent ferrous ion
(Fe™) at the B site to the trivalent ferric ion (Fe™™™) at the B site, the compound would remain
completely unchanged. Thus, it might be expected that electron flow would be facilitated, giving rise
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to high conductivity or low resistivity. The resistivity of iron ferrite FesO4 is about 10* ohm meter
which is three orders of magnitude higher than that of iron, is till too low for high frequency
application. However, if the ferrous ion Fe*™ is replaced by the nickel ion Ni**, for example, the
chemical formula would be:
NiO.Fe,03 = Fe™ (Fe™™ Ni**) O4~

It is now no longer possible for electrons to be interchanged between the Fe*** and Ni** ions at
the B sites without having the final state different from initial one. Indeed, by substituting a metallic
ion such as Ni** for the ferrous ion in FesO4 (Magnetic), the resistivity can be increased to as high a
value as 10" ohm meter.

3. OXYGEN PARAMETER (V)

In any octant four oxygen ions form a tetrahedron. All oxygen ions are tetrahedrally surrounded
by four cations, of which three are from B-site and one from A-site. In many cases the close packing
of oxygen is deformed due to the presence of the metal ions of different sizes in the interstices. Then
the oxygen ion moves along the body diagonal from the ideal position. The displacement of oxygen
ion along the body diagonal is known as oxygen parameter u as shown in Fig. 3. In ideal case u = 3/8
and in the actual case u is slightly greater than ideal value. This non-ideal condition implies a
movement of the anion from their ideal position along the (111) direction away from the nearest A-
ion. This implies an expansion of tetrahedral and simultaneously contraction of the octahedral site.

The u parameters generally increase linearly with (ra-rg)/a, where ‘a’ is the lattice parameter
and ra, rg are the radii of ions in the A and B sites respectively. The local symmetry of the cations
sites is cubic in the A-position and trigonal in B. The trigonal symmetry is due to both the
configuration of the neighbouring cations and the distortion of the anion octahedral if u = 3/8. Each of
the four diagonal belongs to just one of the cations in the primitive cell. Hence these cations are non-
equivalent, differing in their local symmetry axis. Each of them may be taken as representing on fcc
sub-lattice with the lattice constant ‘a’. The local symmetry of the A-site however remains cubic even
if u = 3/8, so that, both sub-lattices represented by A-sites in the primitive cell are mutually
equivalent. When considering some aspect for which the local symmetry is irrelevant, all the B-
position may be treated as belonging to only one sub-lattice (octahedral) in the same way as the A-
position may be unified to form one tetrahedral or A-sub-lattice [7].

4. CLASSIFICATION OF SPINEL FERRITES

The distribution of metal ions over tetrahedral (A) and octahedral [B] site in spinel ferrite leads
to the classification of spinel ferrite viz. normal spinel, inverse spinel and random spinel. The
following Fig.4 shows cations distribution among normal, inverse and mixed spinel.

8 =
4 —t = .
E ® Oxygen
™ e T ff)
,_S‘\Y__t » "5’;‘{.‘ Far- Octahedral Cation (Me*)
o o
o \2 —op \’-}’7' A ._Wa~ ‘ Tetrahedral Cation (Me?*)
N o 4 4 PR )
o 8 I3 a5
é » J —
Normal spinel Inverse spinel Mixed spinel

Fig. 4: Cations distribution among normal, inverse and mixed spinel.

1. Normal spinel

In normal spinel all divalent metal ions are distributed at tetrahedral (A) sites whereas all
trivalent Fe3* ions are distributed at octahedral [B] sites. This can be expressed as, M[Fe;]O4. The
cations like zinc and cadmium usually have a tendency to occupy tetrahedral A site, therefore zinc
ferrite and cadmium ferrite belongs to normal spinel.
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2. Inverse spinel

In this type of spinel ferrite, half of the trivalent Fe** ions prefers to occupy tetrahedral (A) sites
while remaining half of the trivalent Fe** ions are prefers to occupy octahedral [B] sites. The divalent
ions prefer to occupy octahedral B site. The distribution of cations is expressed as,

(Fe)* [MFe]®04*

The typical example of inverse ferrite is nickel ferrite (NiFe.0.) and cobalt ferrite (CoFe20.).
3. Random Spinel

In random spinel ferrite, all divalent ions and trivalent Fe* ions are randomly distributed over a
tetrahedral (A) sites and octahedral [B] sites. In general, this is expressed as,

(M2Fed, ) [MZ Fe, |02

5. CONCLUSIONS

The crystal chemistry plays very important role in case of study of structure of magnetic ferrite
materialist structural properties of spinel ferrite are highly depended on the synthesis technique,
heating temperature and time, number of substitutions as well as chemical compositions. The
distribution of cations in spinel ferrite plays an important role and hence magnetic properties of spinel
ferrite are strongly depended upon the interaction between tetrahedral and octahedral cations.
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ABSTRACT

Today ferrite is very useful material due to their high electrical resistivity, low eddy current and dielectric losses
and good magnetic properties, so that ferrite materials play very great significance in the development of many
devices which are useful to mankind in day-to-day life. Methods of preparation play an important role with
regards to their electric and magnetic properties. Materials of same composition prepared by two different
technique shows the variation in their properties. The preparative parameters like sintering temperature and
atmosphere, cooling rate etc. also influence the properties of ferrite. Amount and type of cations also governs
the electric and magnetic properties of ferrite. In this article we know the various preparative methods of ferrite
magnetic materials

Keywords: Ferrite; Synthesis techniques; ceramic method, sol-gel method.

1. INTRODUCTION

The preparation of polycrystalline soft ferrites with optimum properties is considered to be
difficult and complex. The main problem is induced due to the fact that most of the properties needed
for ferrite applications are not intrinsic but extrinsic i.e. the ferrite is not completely defined by its
chemistry and crystal structure but also requires knowledge and control of the parameter of its
microstructures, such as density, grain size, porosity and their intra and inter granular distribution.

A variety of soft ferrites have been prepared in the past several years by the traditional
ceramic method, which involves mixing and grinding powders of the constituent oxides, carbonates
and other such compounds and heating them at high temperature with intermediate grinding, when
necessary. Low temperature chemical routes and other such method involving mild reaction condition
are however of the greater interest. The chemical routes are indeed desirable because they led to new
products. The characterization and measurement of properties of spinel ferrite can be achieved by
various experimental techniques. The preparation of ferrite effects on its characterization. There are
various methods of preparation of magnetic oxide systems i.e. ferrite. In this paper, we are focused on
most likely preparation methods of ferrite material and other in details.

2. METHODS OF SAMPLE PREPARATION
There are several methods of preparation of magnetic oxide systems with cubic structure apart
from standard ceramic method. These includes:
1. Wet chemical (co-precipitation) method [1].
2. Hydrothermal synthesis [2].
3. Simple self-propagating, gas producing, auto catalytic, novel combustion process [3].
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4. Garnet films created by laser annealing [4].

Chemically synthesized precursors produced ferrite powders at low temperature [5].
Non-aqueous chemical route [5].
Preparation of Gallstones from processed stones [7].
Hot-spray reactor [8].
Ceramic method [9] etc.
2. 1 Ceramic Method

In the ceramic method very pure and fine @
grains constituents in oxide forms are taken. The
most common method of preparing metal oxides and
other solid materials is by the ceramic method. In
the ceramic method very pure and fine grains
constituents in oxide forms are taken. Then they are [ Continuous grinding }
thoroughly and uniformly mixed. This mixture is (min. 3 Hrs)
sintered for prolonged time at specific temperature
so as to facilitate solid-state chemical reaction
among the oxides and the formation of chemical [ Pre-sintering ]
compound. Pre-sintering of the samples can be done
at about 900°C and final sintering of the ferrite
sample can be done at above 1200°C depending on
the constituents. The ceramic method consists of,
Weighing and thorough mixing of constituents in
stoichiometric proportion. ;
I.  Grinding of the mixed powder for 3-4 hours. Final sintering }
ii. Presintering at the temperature slightly lesser

Calcinations of constituent
oxides material

© oo N O

{ Weighing and Mixing ]

-

-

™

g
Grinding (~3 Hrs) ]

1 2

than the solid-state chemical reaction E

temperature,
iii. Powdering and pressing into desired shape Pellet formation

using hydraulic press 4-5 ton/inch?

iv. Final sintering at elevated temperature

(>1000°C) and slow cooling.

. All thesg steps involved in the preparation (_)f [ Removal of binder ]
ferrite are depicted in the flow sheet as shown in
Fig. 1. Several mixed oxides, sulphides, phosphides
etc. normally can be prepared by this method.
Knowledge of the phase diagram is generally helpful Final product
in fixing the desired composition and condition for Ferrite: MFe,O4
synthesis. Caution is taken in deciding the choice of
the container. Fig. 1: Flow chart for ceramic method
2. Sol gel Method

Sol gel method is an important mean of preparing inorganic oxides. It is a wet chemical

method and a multistep process involving both chemical and physical processes. A sudden increase in
viscosity is the common feature in sol-gel processing, indicating the onset of gel formation.
The important features of the sol-gel method are.

i. Better homogeneity

ii. High purity

iii. Lower processing temperature

iv. Better size and morphological control

v. More uniform phase distribution in multi component systems like ferrites.

Gl =

-
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The steps in sol gel synthesis are as follows.

1. Hydrolysis . '
The process of hydrolysis may start Metal Nitrate + Fe Nitrate
with a mixture of metal alkoxide and water &=~ i

in a solvent usually alcohol at the ambient or ( Chelating Aiem
slightly elevated temperature. g Citricaad
2. Polymerization

Clear solution

This step involves condensation of =
adjacent molecules where in H20 and alcohol ‘“
are eliminated and metal oxide linkages are Gel formation
formed. Polymeric networks grow to [G:ﬁ:m]
colloidal dimensions in the liquid (sol) state.

3. Gelation ?{;:ﬁf;l

In this step, the polymetric networks ‘H'

link up to form a three-dimensional network =
Comcustion

throughout the liquid. The system becomes s

somewhat rigid, on removing the solvent ‘iY

from the sol. Solvent a}s \_Nel_l as water and Final product

alcohol molecules remain inside the pores of \_ Powder material
'».\ /.v

the gel. Fig. 2 represents the preparation of
spinel ferrite by sol-gel method
4. Drying

Water and alcohol are removed at moderate temperatures leaving a hydroxylated metal oxide
with residual organic content.
5. Dehydration

This step is carried out between 670 K and 1070 K to take off the organic residues and
chemically bound water, yielding a glass metal oxide.
6. Densification

Temperature in excess of 1270K are used to form the dense oxide product. The sol-gel
technique has been used to prepare sub micrometer metal oxide powders with a narrow particle size
distribution and unique particle shapes. Metal-ceramic composites as well as organic- inorganic
composites have been prepared by the sol gel route.

Fig. 2: Sol-gel auto combustion method

3. CONCLUSIONS

Method of preparation are very important in the formation of ferrite magnetic material
generally researchers are used various method for the preparation of ferrite material but ceramic or
solid-state reaction methods are a very important and prominent method for the preparation of ferrite
material in bulk form and sol- gel-auto composition method is another method to from nano ferrite.
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ABSTRACT

The spin multiplicity acetonitrile are singlet, triplet and quintet state of acetonitrile. We have reported the
structural changes viz. bond length, angles, dipole moment and their energies at B3LYP/aug-cc-pVDZ level of
theory. There is significant change is observed in bond angle (CCN) with changing the spin state of the system.
We have reported the vibrational spectra and corresponding modes of spin multiplicity acetonitrile. The singlet
acetonitrile modes are well matching with the available experimental determinations. It is observed that HOMO
to LUMO gap is more for singlet than triplet and quintet state and it is decreasing with the applied filed. We
have also reported first and second hyperpolarizabilities of singlet, triplet and quintet state of acetonitrile. It is
observed that all three states of acetonitrile showing good response to NLO especially at augmented and
polarized basis sets for all methods. The quintet state of acetonitrile is most stable with respect to applied field.
All these calculations have been performed using Gaussian 09 software.

Keywords: Spin multiplicity acetonitrile, NLO properties, and quantum chemical methods

1. INTRODUCTION

The new nonlinear optical (NLO) materials are essential for the applications such as
modulation of optical signals, micro-fabrication, sensing, imaging, and cancer therapy, optical
processing of data, optically data and image storage, and optically based telecommunications,
optically based computers. Organic molecules are the promising candidates in this regard due to their
high nonlinear optical (NLO) properties in particular the first and second hyperpolarizabilities ( and
Y). The first and second hyperpolarizabilities are the origin of the macroscopic second and third order
NLO response of organic molecules [1-5]. Several organic molecules have been investigated both,
experimentally and theoretically for their possible applications in development of photonic devices.
However, extensive efforts have been made to understand the nonlinear optical properties of donor-
acceptor type molecules with conjugated chain in between [6-10]. Synthesis of a novel material and
then testing its suitability for the NLO applications is a time consuming and expensive work. One can
predict the NLO properties of a material theoretically and if found suitable for NLO applications the
material can be synthesized with the help of quantum chemical methods.

Organic molecules are therefore being synthesized for their possible applications in photonics
due to their relative ease of processing. It is necessary to design and evaluate NLO properties of
different organic molecules in order to use them in photonic devices. This is due to the facts that one
of the key factors for applications in photonics and bio photonics is to find materials with particular
nonlinear optical properties at desirable wavelength regions. Computational method has played and
will continue to play an important role in the design of nonlinear optical material [11-15]. We are now
able to control the material properties by engineering their structure at the molecular level. It is now
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also possible to control the material properties at all dimensional scales such as macro, micro, and
nano. Due to the designing and identification of organic material for novel applications in photonics is
very essential.

Acetonitrile is one of the important solvents used in the laboratory and has many applications in
organic synthesis, physical organic and electro-organic chemistry. For the nonlinear susceptibilities
for the organic materials play not only the electronic contributions however also the vibration
contribution [16]. Much less attention has been paid to the spin dependent hyperpolarizabilities of
organic molecules. This paper is structured as fellows. Next section gives computational details.
Results are presented and discussed in the third section. It includes structure and NLO properties of
acetonitrile in singlet, triplet and quintet states. Conclusions are inferred in the last section.
Computational details

The exchange and correlation function B3LYP and augmented basis set aug-cc-pVVDZ used to
optimize the geometries of singlet, triplet and quintet spin structures of acetonitrile. The optimized
geometries are presented in Fig. 1. The geometrical parameters are such as bond length and angles are
well matching with the available experimental determinations at this level of theory. Vibrational
spectra of spin multiplicity acetonitrile calculated at B3LYP/aug-cc-pVDZ level of theory. HOMO to
LUMO gap and wavelength of transitions. To avoid the numerical instability, the first and second
hyperpolarizabilities (B and y) calculated for all three spin states of acetonitrile along the z-axis by
applying the field strength from 0 to 0.20 a.u at B3LY/aug-cc-pVVDZ level of theory. At the 0.008 a.u
field strength, the first and second hyperpolarizabilities showing the constant. Further this field is
chosen to calculate and vy at various methods and basis sets.

2. RESULT AND DISCUSSION
2.1. Structural parameters

The structural parameters of singlet, triplet and quintet structures of acetonitrile optimized at
B3LYP/aug-cc-pVDZ level of theory shown in Fig.1 and corresponding structural parameters are
given in Table 1. The structural parameters of singlet acetonitrile are well matching with the available
experimental determinations [17].It is clearly seen that the effect of spin on structural parameters, as
the spin changes from singlet to quintet bonds loosen leading towards to the dissociation. The dipole
moment for singlet acetonitrile is 4.05 Debye which is in excellent agreement with the experimental
value 4.07 Debye [15]. In additions to this significant shortfall is observed in dipole moment. Upto
quintet state of acetonitrile is considered for the study since further structures are more unstable and
dissociated.

Tablel: Structural parameters, dipole moment and energies of singlet, triplet, and quintet of
Acetonitrile monomer atB3LYP/aug-cc-pVDZ level of theory along with experimental values.

Parameter? Expt Singlet Triplet Quintet

C-C 1.4582 1.462 1.482 1.465
C=N 1.1572 1.160 1.292 1.558
C-H 1.1022 1.098 1.110 1.102
ZC-C-H 109.5 110.1 108.3 112.0
/C-C-N - 178 123.4 119.7
/HCH - 108.9 108.6 107.6
Dipole moment (Debye) 4.07° 4.05 2.78 1.91

2.2. Non-linear Optical properties

The finite field method used to calculate the first and second hyperpolarizabilities (B and y) of
singlet, triplet and quintet state of acetonitrile using energy-based equation. The energy-based
equations are more stable with respective to the field strength than the dipole moment-based equation.
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We have used here energy-based equation for obtaining the hyperpolarizabilities using the finite field
method. As the finite field technique is a derivative method, the numerical problem cannot be
avoided. Determine the numerical stable hyperpolarizabilities suitable field strength needs to be
found out by calculating hyperpolarizabilities at different field strengths. The numerical accuracy of
the finite field equation is sensitive to the field strength and the level of theory used for the
calculations. So, we have applied different field strengths here for the calculation of
hyperpolarizabilities of acetonitrile in singlet state to prevent the numerical instability. The level of
theory used here is B3LYP/aug-cc-pvdz, since at this level of theory; acetonitrile in singlet state has
the lowest energy among different levels of theory used here and agreement with the experimental
values. After deciding the suitable field strength, we then obtained hyperpolarizabilities for singlet,
triplet and quintet state of acetonitrile using different levels of theories vis. methods and basis sets.
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Fig. 1: Effect of field strength along Z-axis from the 0.001 to 0.02 a.uof singlet, triplet, and quintet
spin state of acetonitrileonfirst & second hyperpolarizability at B3LYP/aug-cc-pVDZ level of theory.

Fig.1 (a) and (b) shows the variation in [ and y respectively of acetonitrile singlet state with
field strengths obtained using finite field method. we can say that acetonitrile shows numerically
stable hyperpolarizabilities at a certain range of field strength. So, we have chosen field strength of
0.008 a.u. to calculate the hyperpolarizabilities for singlet, triplet and quintet state of acetonitrile using
different method and basis sets. p values are zero for the triplet and quintet sate There is almost no
variation for triplet and quintet in B values irrespective of the level of theory used for the calculation.
Also, the B values are positive for the singlet state. However, y values are nonzero for acetonitrile in
singlet, triplet and quintet for various basis sets and methods.

Fig. 2 and 3 show the variation of B and y respectively for acetonitrile in singlet, triplet and
quintet state for various basis sets and methods. The basis set effects on B in singlet is greater than the
methods. From Fig.6 that the basis sets in the absence of diffuse functions on hydrogen and heavy
atoms cannot provide a sufficient magnitude of y. The basis set which shows the low magnitudes of y
are the split valence triple zeta basis set without diffuse and polarization functions and the SDD
pseudopotential. When diffuse functions are added to the split valence triple zeta basis set, the
magnitude of y obtained using different methods changes significantly. For the split valence triple zeta
basis set (6-311G) without diffuse functions and SDD pseudopotential, there is no large change in the
magnitude of y for the singlet and quintet, obtained using different methods such as MP2, MP3, MP4
and DFT with different exchange and correlation functional viz. BLYP, B3LYP, B3PW91, PBEPBE
and PBE1PBE. On the other hand, when the diffuse functions are added to the basis set for hydrogen
and heavy atoms, the magnitude of y changes significantly for all the methods used here. The y values
obtained for the singlet and quintet state using MP2, MP3 and MP4 methods are almost equal for all
the basis sets used here.
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Fig. 2: First hyperpolarizability () of singlet, triplet, and quintet spin state of acetonitrile at
B3LYP/aug-cc-pVDZ level of theory using the field strength of 0.008 a.u.

The y values by the B3PW91land PBE1PBE methods are nearly equal for all the basis sets.
Similarly, the values of y by the PBEPBE method are found to be nearly equal to those by the BLYP.
As judged from the magnitude of y for obtaining converged vy, the MP2, MP3 and MP4 methods seem
to be essential, and they can be quantitively reproduced by the PBEL1PBE, B3PW91 and B3LYP
method for most of the basis sets used here. On comparing the y values from MP2 and DFT levels for
the added diffuse and polarization functions on hydrogen and non-hydrogen atoms, the former gives
higher y values than the latter. There is no large difference in the y values using DFT with different
exchange and correlation functionals.
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Fig. 3: Second hyperpolarizability (y) of singlet, triplet, and quintet spin state of acetonitrile at
B3LYP/aug-cc-pVVDZ level of theory using the field strength of 0.008 a.u.

2.3. HOMO LUMO Gap
Fig. 4 showing the HOMO to LUMO gap energy along the applied field reported at
B3LYP/aug-cc-pVDZ level of theory. As the field increases the HOMO to LUMO gap decreases in
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addition to the spin state of acetonitrile. The quintet state of acetonitrile showing less than 1 eV
HOMO to LUMO gap at 200 a.u field strength. This state of system is most stable compared to
remaining at all other fields.
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Fig. 4: Homo-Lumo electronic energy gap (eV) of acetonitrile in singlet, triplet and quintet state of
acetonitrile at various fields at B3LYP/aug-cc-pVDZlevelof theory.

3. CONCLUSION

The present work reported, the structural changes and non-linear optical properties of singlet,
triplet and quintet spin state of acetonitrile. It is also reported the HOMO to LUMO gap energy
varying with applied field strength. It is observed that the good response for second
hyperpolarizability for all spin states than the first hyperpolarizability. Singlet and quintet state of
acetonitrile is good candidate for NLO response. The augmented basis sets (aug-cc-pvdz and aug-cc-
pvtz) and 6-311++g** are quite reasonable basis sets to study NLO properties. In addition to this it is
also reported that the HOMO to LUMO gap variation with respect to field which is good correlation
with the observations. Increase in field strength, decrease in HOMO to LUMO gap. Here for quintet
state of acetonitrile showing least energy gap with applied field strength. All these calculations
performed at B3LYP/aug-cc-pvdz level of theory using Gaussian 09 software.
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ABSTRACT

The dielectric properties, both €', (real part) and €" (imaginary part) of complex dielectric constant are measured
for Jalna 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. From measured dielectric properties,
emissivity and brightness temperature are theoretically calculated at different angles of incidence of moisture-
contented soils using Fresnel equations. 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, Brightness temperature, Emissivity.
Alkalinity; Videography; Remote sensing; Microwave; Modelling; Landsat satellite

1. INTRODUCTION

The advances made in physics and chemistry of solids has led to the recent progress in science
and technology. Physics and chemistry of condensed matter draw attention to chemical composition,
atomic configuration, electrical and magnetic properties, crystal structure etc. of the solids. It also
helps to co-relate the physical and chemical properties of solids and their use in technological
applications. Due to the needs of society, material science dealing with physics and chemistry of
solids along with engineering and technology was developed. In the recent years, solid state physics
mainly concentrates on crystal structure, chemical and physical properties of solids. A proper
understanding of the nature and properties of solids form the basis for developing new tailor-made
materials with the desired properties that can be used in many electrical and electronic devices [1].
Among the magnetic ceramics, magnetic oxides are the most important and rather the only relevant
materials from the point of view of their applications [2]. They are being studied over a long period of
five to six decades for their basic properties as in the wide field of applications.

2. MATERIAL AND METHOD

The soil sample is collected from location latitude"19° 83°47°N longitude" 75° 88" "16E, Jalna
which is in Maharashtra. The pH of the collected soil sample is 9.6 hence it is saline in nature. The
saline soil sample 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.
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2.1. 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 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 aand Bas 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, is measured from the

minima of the standing wave pattern

21
P=%
The free space wavelength in determined using the relation
11,1
A2 AZ A2

Where, A2 = 2a = 2 * 4.73 cm = 9.46 cm, ‘a’ 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

= ()

412
"no_ 7\(2)0([3

2m?

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. The graphical study of dielectric properties of
Solapur and Kolhapur saline soil at c-band microwave frequency with the help of C-band microwave
bench. Experimentally calculated dielectric constant €' and loss €" with error in measurement in both
Ag', Ag" are tabulated.

MICROWAVE "ICRP ) owl @AVE PERSONAL
SOURCE SUPPLY COMPUTER
CO-AXIALTO SLIDING Solid
ISOLATOR WAVE GUIDE f—+{ aTTENuATOR = SCREW AUTOMATED DIELECTRIC
ADAPTER TUNNER SLOT LINe CELL

Fig.1: Block diagram of a C-band microwave bench
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2.2. Brightness temperature and emissivity

Passive microwave remote sensing is based on the measurement of thermal radiation in the
centimeter wave band of the electromagnetic spectrum Ty,. This radiation is determined largely by the

physical temperature and the emissivity of the radiating body and can be approximated by,

Top) = espT
Where Ty, observed brightness temperature; T physical temperature of the emitting layer; P refers to
vertical or horizontal polarization; as smooth-surface emissivity. This emissivity is further defined as,
esp) = (1 = Rsp)
Where Rs is the smooth-surface reflectivity. For a homogeneous soil with a smooth surface, the
reflectivity at vertical and horizontal polarizations, RsV and RsH, are given by the Fresnel

expressions

- 2
K cosu—vK-sinZ u

RSV - ‘K cosu+vVK—sinZ u
cosu—vK-sin? u z
cos u+VvK—sinZ u

Where u is the incidence angles and k is the absolute value of the soil bulk dielectric constant,
which is a measure of the response of the soil to an electromagnetic wave and is largely determined
by the volumetric soil water content. Emissivity and Brightness temperature for different angle of
incidence for 5% saline soil for different percentage of water content is calculated using Fresnel
equations.

Rey =

3. RESULT AND DISCUSION

The dielectric properties of dry Jalna saline soil are studied at 5.2 GHz at room temperature.
Table 1 shows details of dielectric constant €' and loss £" and error in measurement in both Ag', Ag".

Dielectric properties of dry Jalna saline soil are measured as a function of moisture contents
shown in table 1. The sample was 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.

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 figure3.Similar trend
is obtained by other workers (Wang. Jet al., 1978, 1980; Y. Lasne et al., 2008).and (Yueru Wu,
Weizhen Wang, Shaojie Zhao, and Suhua Liu in IEEE.

Table 1: Dielectric constant €', dielectric loss £", error in dielectric constant Ag' and loss Ag" for
different moisture content Jalna saline soil samples at 5.2 GHz.

Moisture . . Error In . . Errorin
Sr Dielectric . . Dielectric . .
No Percentage Constant ' Dielectric loss & Dielectric loss
' % constant Ag' Ag"
1 0 8.3832 3.3294 E002 | 1.8958 E002 | 6.8096 E002
2 5 9.2782 5.4843 E002 | 2.2499 E002 | 2.3585 E002
3 10 11.9628 45858 EQ02 | 5.7945 E002 | 5.5232 E002
4 15 13.7464 2.9577 E002 | 1.6248 E002 | 1.8746 E002
5 20 16.8401 2.2844 E002 | 2.3789 E002 | 2.2871 E002
6 25 24.3618 6.3234 E002 | 6.2195 E002 | 5.1574 E002
7 30 30.6040 4.2601 E002 | 3.1121 E002 06.97 E002
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Fig. 2: Variations of dielectric constant Versus

Fig. 3: Variations of dielectric loss Versus

Moisture% contain of Jalna saline soil. Moisture% contain of Jalna saline Soil.
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ABSTRACT

Ferrite materials, comprising metal oxide compounds, have unique magnetic properties that make them
invaluable in various technological applications, including electronics, telecommunications, and data storage
devices. Understanding these properties is crucial for optimizing their performance in practical applications.
This paper reviews and compares several experimental techniques used to study the magnetic properties of
ferrites. Techniques such as vibrating sample magnetometry (VSM), Mdssbauer spectroscopy,
magnetoresistance measurements, and scanning probe microscopy are discussed. Experimental results are
presented to demonstrate the application of these techniques in characterizing the magnetic behavior of different
ferrite samples. The findings show that each method offers unique insights into the magnetic characteristics,
such as coercivity, saturation magnetization, and magnetic anisotropy. The paper concludes with a discussion on
the strengths and limitations of these techniques and their importance in advancing the understanding of ferrite
materials.

Keywords: Ferrites, Magnetic properties, vibrating sample magnetometry, Md&ssbauer spectroscopy,
Magnetoresistance, Scanning probe microscopy, Coercivity, Saturation magnetization.

1. INTRODUCTION

Ferrites are ceramic compounds composed primarily of iron oxide and other metal oxides such
as manganese, zinc, or nickel. These materials exhibit distinct magnetic behavior such as
ferromagnetism, antiferromagnetism, and ferrimagnetism, depending on their composition and
structure. As a result, ferrites have numerous applications in electromagnetic devices like inductors,
transformers, and antennas.

Studying the magnetic properties of ferrites is essential to enhancing their performance in such
applications. Various experimental techniques can be employed to probe these properties, from
macroscopic measurements of magnetization to microscopic investigations of spin structures. In this
paper, we explore the techniques commonly used to study ferrite materials, discuss their principles,
and present experimental results demonstrating their capabilities in characterizing the magnetic
behaviour of ferrites.

2. METHODS OF STUDYING MAGNETIC PROPERTIES OF FERRITES

The following sections describe the most commonly used techniques for studying the magnetic
properties of ferrite materials:
2.1 Vibrating Sample Magnetometry (VSM)

Vibrating Sample Magnetometry (VSM) is a widely employed technique that measures the
magnetization of a sample as it vibrates within a magnetic field. The vibrating sample generates a
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signal, which is detected by a pickup coil and related to the magnetization. VSM is particularly useful
for determining magnetic parameters such as coercivity, saturation magnetization, and magnetic
susceptibility (Fig.1).

Principle: The sample is placed in a magnetic field and subjected to a sinusoidal vibration, producing
a varying magnetic flux that is proportional to the sample's magnetization.

Application: VSM is used to measure the hysteresis loop and study the magnetic response to an
applied field.

Sample Holder

Wibration
along

ifare - ~ el
unifarm magnetic feld

Electromagnet

Fig.1: Vibrating Sample Magnetometry (VSM)

2.2 Mossbauer Spectroscopy

Mdossbauer spectroscopy is a nuclear gamma resonance technique used to investigate the
hyperfine interactions in materials, including ferrites. It is especially useful for studying the iron ions
in ferrite lattices and analyzing their oxidation states, magnetic environments, and local atomic
structures (Fig.2).
Principle: The technique involves the absorption of gamma rays by the nuclei of iron atoms. The
resulting spectra provide information on magnetic moments, hyperfine fields, and local atomic
environments.
Application: Mdssbauer spectroscopy is often used to analyze ferrites' magnetic anisotropy and local
magnetic ordering at different sites.

——

>

Mossbauer
Drive

>

Source '  Colimator
Sample

Fig.2: Mdssbauer spectroscopy setup

2.3 Magnetoresistance Measurements

Magnetoresistance is a transport property and known to be sensitive to the crystal structure and
texture of carbon materials. Magnetoresistance refers to the change in electrical resistance of a
material in the presence of a magnetic field. This technique is useful for studying the relationship
between the magnetic properties and electrical conductivity in ferrites (Fig.3).
Principle: The material’s resistance is measured under varying magnetic fields. The effect can be
used to study spin-polarized transport and the interaction between magnetization and electrical
conduction.
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Application: Magnetoresistance is particularly valuable for studying the properties of ferrites in thin
films and their potential for use in spintronic devices.

Fig.3: Magneto-resistance measurements setup

2.4 Scanning Probe Microscopy (SPM)

Scanning Probe Microscopy (SPM) encompasses a range of techniques, including Atomic
Force Microscopy (AFM) and Scanning Tunneling Microscopy (STM), Scanning Near Field Optical
Microscopy (SNOM) to investigate the surface magnetic properties at a microscopic level. This
approach allows the direct visualization of the sample's magnetic domains (Fig.4).

Principle: In AFM, a sharp probe scans the surface of the ferrite sample, detecting the forces between
the probe and the sample. For STM, the probe measures the tunneling current, which is sensitive to
the material's surface properties.

Application: SPM techniques provide high-resolution imaging of magnetic domains and allow for the
analysis of magnetic heterogeneities and defects.

Scanning Tunneling Atomic Force Scanning !Iear-ﬁeld
Microscopy (STM) Microscopy (AFM) Optical Microscopy
(SNOM)

i e

Fig.4: STM, AFM, and SNOM

3. EXPERIMENTAL

The ferrite samples used in this study were synthesized using solid-state reaction methods,
where stoichiometric amounts of iron oxide (Fe, Oz ) and metal oxides were mixed and heated at
high temperatures. The samples were then characterized using the techniques described in the
previous section to determine their magnetic properties.
3.1 Sample Preparation

Ferrite powders were prepared by mixing metal oxide precursors (such as MnO, ZnO, or NiO)
with iron oxide and heating the mixture at 900°C for 6 hours in an air atmosphere. The resulting
ferrite pellets were cooled and ground to fine powders for further analysis.
3.2 Characterization Techniques
VSM: The magnetization of the samples was measured using a vibrating sample magnetometer in the
range of -10 kOe to +10 kOe at room temperature.
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Madssbauer Spectroscopy: Mdssbauer spectra were recorded at room temperature using a ~57Co
source. The spectra were fitted to Lorentzian lines to extract information about the magnetic
interactions.

Magnetoresistance: The resistance was measured under varying magnetic fields from -9 Tesla to +9
Tesla using a standard four-point probe setup.

SPM: Atomic force microscopy (AFM) and magnetic force microscopy (MFM) were used to examine
the surface topography and magnetic domain structures of the ferrite samples.

4. RESULTS AND DISCUSSION
4.1 Vibrating Sample Magnetometry (VSM) Results

Fig. 5 shows the hysteresis loops for different ferrite samples. The saturation magnetization
(Ms) and coercivity (Hc) were extracted from the loops. Sample A exhibited high Ms, suggesting
strong magnetic properties, while sample B showed low Hc, indicating easier magnetization reversal.
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Fig. 5: Hysteresis loops Fig. 6: M0ssbauer spectra

4.2 Mdssbauer Spectroscopy Results
The Madssbauer spectra, shown in Fig. 6, revealed the presence of two main types of iron sites:
octahedral and tetrahedral. The hyperfine magnetic field on the octahedral sites was significantly
higher, corresponding to a stronger magnetization compared to the tetrahedral sites.
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Fig. 7: Magnetoresistance behavior Fig. 8: AFM images

4.3. Magnetoresistance Measurements

The magneto-strictive effect is more than an order of magnitude larger than the other spinel
structure ferrite materials. Fig. 7 illustrates the magnetoresistance behavior of the ferrite thin films. A
clear positive magnetoresistance effect was observed, which indicates the coupling between the
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magnetic and electronic properties in these materials. The resistance decreased as the applied
magnetic field aligned the magnetic domains. The magnetic behavior of spinel ferrite thin films shows
a strong dependence on cation disorder and local defects as well as their distribution.
4.4 Scanning Probe Microscopy Results

AFM images in Fig. 8 show the surface morphology of the ferrite sample. MFM images
revealed distinct magnetic domains, confirming that the sample exhibited ferrimagnetic ordering with
domain structures.

5. CONCLUSIONS

This study highlights the effectiveness of various experimental techniques for characterizing
the magnetic properties of ferrite materials. Vibrating Sample Magnetometry provided insights into
macroscopic magnetic behaviour, while Mdssbauer spectroscopy revealed the local magnetic
environments. Magnetoresistance measurements demonstrated the interplay between magnetic
ordering and electrical conductivity, and Scanning Probe Microscopy offered a detailed view of
magnetic domain structures.

Each technique presents unique advantages and challenges. VSM is well-suited for bulk
property measurements, Mdssbauer spectroscopy excels in probing local interactions, and SPM
provides unparalleled resolution at the nanoscale. Combining these methods can provide a
comprehensive understanding of the magnetic properties of ferrites, which is essential for tailoring
these materials for specific applications in technology.
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ABSTRACT

This review paper investigates the mass attenuation coefficient (MAC) and its dependence on atomic number in
Ni-ferrite composites. The study explores how the composition of Ni-ferrite and its variations in atomic number
influence the attenuation properties of these materials, particularly in the context of gamma-ray shielding.
Different theoretical models, experimental findings, and their implications for various applications, such as
radiation protection and medical imaging, are presented. The paper concludes with a discussion on future
research directions for enhancing the shielding capabilities of Ni-ferrite composites by optimizing their atomic
composition.

Keywords: Mass Attenuation Coefficient, Ni-Ferrite Composite, Atomic Number, Gamma-Ray Shielding,
Radiation Protection, Material Properties, X-ray, Shielding Effectiveness, Composite Materials

1. INTRODUCTION

The mass attenuation coefficient (MAC) is a crucial material property that quantifies the
attenuation (reduction in intensity) of electromagnetic radiation, such as gamma-rays and X-rays, as it
passes through a material. This coefficient is vital in various applications, including radiation
shielding, medical imaging, and nuclear energy, as it directly influences the material's ability to
absorb or scatter radiation. The MAC depends on several factors, with the atomic number (Z) of the
constituent elements playing a central role in determining the attenuation characteristics of materials.
Ni-ferrite composites, which consist of nickel (Ni) and iron oxide (Fes; O, ), have garnered attention
as promising materials for radiation shielding. These composites combine the magnetic and structural
properties of ferrites with the high atomic number elements such as nickel, making them attractive
candidates for effective radiation attenuation. The atomic number of the elements in the composite
directly impacts the material's interaction with radiation, as higher atomic numbers generally lead to
stronger attenuation due to increased probabilities of photon interaction mechanisms such as
photoelectric absorption, Compton scattering, and pair production.

Ni-ferrite composites are a subclass of ceramic materials that exhibit unique electrical and
magnetic properties due to the combination of nickel and iron in a ferrite lattice structure. These
composites are versatile and can be tailored to meet the specific demands of various applications by
adjusting the proportions of nickel and iron oxide. The incorporation of nickel, with its relatively high
atomic number (Z =~ 28), enhances the ability of Ni-ferrite composites to attenuate high-energy
photons. Understanding how the atomic number of individual components (nickel and iron) affects
the mass attenuation coefficient of Ni-ferrite composites is key to improving the design of these
materials for radiation protection and other radiation-related applications.
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This review aims to explore the relationship between the mass attenuation coefficient and the atomic
number in Ni-ferrite composites, focusing on the following areas:
e Theoretical and experimental methods to calculate and measure the MAC of Ni-ferrite
composites.
e The role of atomic number in influencing the attenuation properties, especially for gamma-
rays and X-rays.
o Comparative studies between pure nickel, pure iron, and Ni-ferrite composites.
e Applications of Ni-ferrite composites in radiation shielding and other radiation-sensitive
fields.

By synthesizing available research, this review will provide a comprehensive understanding of
how atomic composition, particularly the atomic number of the components, impacts the effectiveness
of Ni-ferrite composites as radiation-shielding materials. The paper also highlights the potential of Ni-
ferrite composites in providing high-performance shielding solutions in fields such as nuclear power
generation, medical radiation protection, and space exploration, where radiation exposure poses
significant risks.

2. RESULTS AND DISCUSSION
2.1. Mass Attenuation Coefficient (MAC)

The mass attenuation coefficient (often denoted as p/p) is a material property that quantifies the
extent to which a material can attenuate or reduce the intensity of incident radiation as it passes
through the material. Specifically, it describes how much the intensity of a beam of photons (e.g., X-
rays or gamma-rays) is reduced per unit mass of the material. It is an important parameter for
understanding the effectiveness of materials used in radiation shielding, medical imaging, and other
applications involving radiation.

The mass attenuation coefficient wp is calculated as:

p pdx
Where, 1 is the intensity of the radiation,

X is the distance travelled by the radiation through the material,

p is the density of the material, and

u is the linear attenuation coefficient, which describes the decrease in radiation intensity with
respect to distance.

The equation shows how the intensity of radiation decreases as it travels through a material.
This attenuation is due to several interaction processes such as photoelectric absorption, Compton
scattering, and pair production, all of which are energy-dependent.
2.2. Effect of Atomic Number on Mass Attenuation Coefficient

The relationship between the atomic number of the constituent elements (nickel and iron) and
the mass attenuation coefficient is examined. Studies have shown that as the atomic number increases,
the MAC increases due to a higher probability of photon interaction, particularly for Compton
scattering and photoelectric absorption. The contribution of each element in the Ni-ferrite composite
is analysed based on the individual atomic numbers of nickel (Ni) and iron (Fe). The composites'
MAC is influenced by the relative concentration of each element, with nickel having a higher atomic
number than iron.
2.3. Theoretical Models and Calculation Methods

Several theoretical models, including the XCOM database, the empirical and semi-empirical
approaches, and the effective atomic number method, have been employed to calculate and predict the
mass attenuation coefficients for Ni-ferrite composites. The differences between these models in
predicting the MAC of Ni-ferrite composites are discussed, with particular focus on the limitations
and accuracy of each method.
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3. EXPERIMENTAL RESULTS
A variety of experimental studies have been conducted to measure the MAC of Ni-ferrite

composites using gamma-ray sources. Results from these studies indicate a significant variation in

MAC values based on the ferrite composition and the specific atomic number of the components. A

comparison of experimental data with theoretical predictions shows discrepancies due to factors such

as porosity, crystallinity, and the energy spectrum of the incident radiation.

3.1. Applications in Radiation Shielding:

. Ni-ferrite composites are explored for their practical applications in radiation shielding. The
effect of atomic number on the shielding efficiency of these composites is significant, as higher
Z elements (such as nickel) contribute more effectively to radiation attenuation.

. Potential applications in radiation protection for medical devices (e.g., X-ray machines, CT
scanners) and nuclear power plants are discussed, with recommendations for improving
shielding materials by tuning the atomic composition.

3.2. Limitations and Challenges:

. Several challenges remain in optimizing Ni-ferrite composites for mass attenuation, such as the
difficulty in maintaining uniform composition and the stability of the material under prolonged
radiation exposure. Additionally, the interaction mechanisms at different photon energies
require further investigation for better prediction accuracy.

4, CONCLUSIONS

This review highlights the critical role of atomic number in determining the mass attenuation
coefficient of Ni-ferrite composites. Higher atomic number elements like nickel significantly enhance
the shielding performance of these materials. While theoretical models provide valuable predictions,
experimental results reveal the complexities and limitations in material characterization. Future
research should focus on optimizing the ferrite composite compositions, exploring novel processing
techniques, and conducting detailed studies on radiation-induced damage to improve the performance
of Ni-ferrite composites in radiation shielding applications.
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ABSTRACT

The 21% Century defining feature of nanoparticles in their applications in the design and production of
semiconductor devices made up of metals, metal oxide carbon allotropes. The researchers these materials the
opened a new door to variety of applications including energy storage catalysis as well as devices for convergent
and medicinal uses. For chemical and thermal application ZnO is one of the most stable n type semiconductor
materials available. The distinguish physiochemical characteristics of semiconducting metal oxides are
particularly responsible for these ZnO nanostructures differ depending on the synthesis condition growth
method. A number of distinct growth strategies for ZnO nanostructures including chemical, physical and
biological methods. These nanostructures may synthesize very simple at very low temperature. This chapter
summarizes recent advancement achievement in fabricating semiconductor devices based on nanostructured
materials as 2-D materials as well as rapidly developing hybrid structures.

1. INTRODUCTION

1.1. Introduction of zinc oxide (ZnO): Zinc oxide materials are used in a vast range of field such as
energy stories catalysis and biosensor convergent device and bio medicinal applications. The
physiochemical properties of semiconducting metal oxide such as SnO,;, ZnO and TiO,. it is
depending on size and shape. One of the most stable n-type semiconducting material for chemical and
thermal application is ZnO which is available in variety of bulk crystal and thin film for using
luminescent material to batteries, supercapacitors and solar cells to biomedical and photocatalysis
sensor because of their non-toxicity, large specific area, high sensitivity, high isoelectric point and
good compatibility ZnO. the category of semiconductor metal oxide, semiconductor in the 2-6 group
of at nanoscale are widely recognised for diverse and extensive use in a variety of field including solar
cell diluted magnetic semiconductor (DMS). It is possible to classify nano sized zinc oxide materials
because to the diverse structure that may be observed inside. these materials have the potential to be
utilised in a broad variety of nanotechnology field. zinc oxide can be 1D, 2D, 3D nanorods needles,
helives rings, springs, tube belts, wires among the most common one-dimensional structure. ZnO can
be nanopellets, nano sheets and nanoplates all of the two-dimensional structure. ZnO possesses one of
the most varied ranges of particle configuration of any material that is currently known due to their
efficiency in photonics, electronics and optics ZnO nanowires are promising material for vast range
uses, including nano generators, ultraviolet lasers, solar cell photocatalyst and gas sensor.

1.2. Structure of Zinc Oxide (ZnO): Zinc oxide is typically in structure four oxygen atoms are
tetrahedral coordinated to zinc atoms. these two ZnO structure produce polar symmetry with
hexagonal axis of the zinc oxide these crystalline structures are responsible for ZnO based
Piezoelectricity and spontaneous polarization.
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The cubic zinc blend structure and the

hexagonal wurtzite structure two most o
common type of zinc oxide crystallization 'U.’ .0.
which has a hexagonal arrangement of its "!
atoms. the structure of hexagonal ZnO { 4
which has the following dimensions ‘- 30
a=0.32498 nm b=0.32498 nm and ¢=5.2066

nm the value of c/a is equal to 1.633 for >
hexagonal cell. This sequence of alternating Sn
planes structure of ZnO;, arranged in spiral -
pattern. The combination of O? and Zn? = e® —®

formation of tetrahedral unit that central
symmetry.

Zinc oxide Has a density of 5.606 grams per cubic centimetre a single zinc atom is tetrahedral
connected with a total of four oxygen atom the piezoelectric nature of materials which is a crucial
property for the creation of micro-Electromechanical system consisting of transductors, sensors and
actuators of ZnO Nano Centrosymmetric structure. it can be attributed to the materials piezoelectronic
nature. The fact it is non-centrosymmetric if also possesses two polar surfaces on sides that opposite
one another. These polar surfaces are terminal by single type of ion

Polarity is referred to as zinc polarity when the bonds along the C-direction are cations (Zn)
anions (0), it is referred to as oxygen polarity when the bonds are from anion (O) to cation. zinc
polarity can be referred to either zinc polarity or oxygen polarity. Either to be used interchangeably
zinc, these polarities also the cause of number of properties that ZnO possess such as spontaneous
polarization and Piezoelectricity. it has been demonstrated that the development of ZnO crystals into
wide variety of shapes is brought about by variation in the relative growth rates of different crystal
factors as well as difference in the rates of various crystal planes.

Fig. 1: Shows different structures of ZnO

Table.1: Basic Parameters of ZnO Structure

S. no  Basic parameters Values

1 Melting point 1975 “

2 Stable phase at 300 K Wurtzite
j Band gap 3.4 eV

| Density 2.66 g cm
8] Lattice constants a = b = 0.32495 nm, ¢ 0.52069 nm
6 Refractive index 2.01

7 Electron effective mass 0,24

8 Static dielectric constant 8,656

9 Exciton binding energy 60 me\
10 Hole effective mass 0.59

2. PROPERTIES OF ZINC OXIDE (ZNO)

ZnO once it has been developed is considered to be a negative n-type semiconductor within 2-
4 of the group in periodic table. The energy gap in zinc oxide is measured to be 3.37 ev. the binding
energy of around 60 meve.these high excitations binding energy is very stable at high temperature.
ZnO has emerged as one of the most indistinct substances for the creation of electric and
optoelectronic devices to the high binding energy of ZnO, a wide variety of photonic devices that are
highly effective in their utilization of light may be fabricated. ZnO is a type of optical material that is
seen through and is optimized for the use of visible wavelength. the incident light emitting diode,
photovoltaics, microelectromechanical system and photo detectors ZnO is an incredible versatile
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material with semiconducting pyroelectric and piezoelectric characteristics ZnO is a material that
exhibits a wide variety of nanostructures significantly more than that any other nanomaterial including
carbon nanotubes.
2.1 Optical properties of zinc oxide

The way in which assistance reacts with illuminated by light is what establishes its optical
characteristics. The physical characteristics their vibrational and electrical states as well as the
presence and nature of impurities and detects in the material, Semiconductor substances have
contributed great deal to our understanding of a wide range of topics providing a wealth of
information along the way. These characteristics are known as the electronic band structure the dopant
and defects That are injected into the semiconductor are govern its extrinsic optical properties. These
dopants and infections from discrete electronic state between valence band and conduction band the
optical transition of a zinc oxide semiconductor have been carried out utilizing a variety of
methodology including transmission, photo luminescence, cathode luminescence, reflection & optical
absorption. the photo luminescence spectra of various zinc oxide nanostructure including UV
emission in addition to one or two bands of visible emission that are brought about by vacancies,
antistites, interstitials defects and complicated defects. The band emission in the UV and visible ray
are attributable to defects in the zinc oxide nanostructures such as oxygen vacancy, interstitial, zinc
vacancy, zinc interstitial and extensive contaminations. The optical quality of various zinc oxide
system can be assessed by comparing the relative intensities of near brand age & deep level emission.
2.2. Magnetic properties of zinc oxide

The electron spin in magnetic semiconductor host latest is used to categorize the various types
of magnetic semiconductor these are in three distinct categories. a) Magnetic semiconductor b) DMS
semiconductor ¢) semiconductors That do not exhibit magnetic Behaviour they are constructed solely
out of the periodic Alignment of magnetic components. DMS are composite materials consisting of
magnetic component and nonmagnetic semiconductors do not have magnetic impurities present in
host lattice of the semiconductor. The various transitions or rare earth ions into nonmagnetic
semiconductor such as Cu, Ni, Sn, Co, Cr, Fe, Mn, Gd and so on one method for producing DMS. The
introduction of transitions or rare earth ions into semiconductor results in the formation of these
materials because the d and f Shells Of transition or rare earth ions are only partially fill these doping
elements have electrons that are not connected with another atom this allows for greater doping
efficiency. One of the bands in transition metal such as manganese copper cobalt and nickel is only
partially fill or just over half field. In order to determine the tetrahedral bonding, the bonds of the
transition metal hybridized with the valence bond bands of the host because of this hybridization the
interface between the locally organized carriers in the host valence band and the three-dimensional
spins is replaced which results in the sample having local magnetic momentum.

" 044" 000°
bod el

Fig.2: Types of semiconductor (a) a magnetic semiconductor, (b) a dilute magnetic semiconductor
and (c) a non-magnetic semiconductor.

3. FABRICATION TECHNIQUE

Many synthetic approaches were utilized to fabricate zinc oxide nanoparticles. They are
primarily classified into three categories chemical fabrication, physical fabrication and biological
fabrication.
3.1 Chemical fabrication: The process of transferring the basic materials or reactant into product
through the utilization of one or more chemical process is referred to as chemical fabrication. There

140



Current Research in Science and Technology ISBN: 978-81-970491-2-5
are two distinct phases the gas phase and the liquid phase. The liquid phase can further into
precipitation, co-precipitation techniques, colloidal techniques, sol-gel technique, oil microemulsion
technique, and hydrothermal technique. The gas can be further divided to pyrolysis & gas
condensation technique.
a) Coprecipitation/precipitation technique

In order to convert a solution into solid using this method on insoluble form a higher saturation
level must be utilized. The zinc compounds being with hydrochloric acid followed by dilute
hydrochloric acid. The reaction is carried out at room temperature with gentle staring and solution
containing NaOH, KOH and NH4OH is added drop by drop to act as precursor. The pH reaches range
between 8 and 10. The base solution addition process is stopped the mixture 80 °C Heated for 6 hours
then centrifuged brought down to room temperature and filtered. The white powder is formed as a
result of precipitating the substance with dilute water in order to remove any impurities
b) sol-gel technique

The sol-gel method is a wet chemical procedure that can be used to produce a three-
dimensional structure. This approach is also known as way producing soul gel material. This process
being with the formation of Colloidal suspension which is preferred to as sol and gelation of the soul
in a constant liquid phase which is referred to gel. The zinc compound is heated to 50°C while being
dissolved in double distilled water. A magnetic stroller is used throughout the process of gradually
adding alcohol at concentration of 100 % by dropwise Addition of hydrogen peroxide. The solution
becomes transparent the solution for 24 hours before being dried at 8 degrees Celsius for a number of
hours in order to generate white zinc oxide nanoparticles. Buy the product wash many times in water
that has been through two distillation process and then dry in an oven heated to 80°C.
¢) Hydrothermal technique

This method for the creation of single crystal that is predicted on the solubility off mineral in
hot water that is intense pressure the solution zinc component is first stirred into methanol then
dissolved in the solvent. the pH range 8 to 11, NaOH that has been dissolved in methanol is added to
the solution being stirred continuously the solution was autoclaved in stainless steel for 6 and 12 hour
at temperature ranging from one 100 to 200 °C Under pressure to allow to naturally cool down to
temperature the completion of the reaction white solid product washing with methanol filtering it and
drying it in a laboratory own at 60 degree centigrade the flow chart of hydrogen thermal method.

NaOH Transferred

aOH + o

- A Stirring Teflon to

Zinc Nitrate' 39 min  Surfactant 5:'5“;::‘0 linear Solvothemal
4 reactor
Zn0 Dry oven Wash the X

nanoparticals 24 Hours, samples 180°C for 3

60°C H20, Ethanol hours

Fig.3: Flow chart ZnO hydrothermal method

d) Solvation technique

It is a method in which salvation is added at pressure and temperature ranging from moderate to
high which make it easier for the precursor to interact with one another the synthesis the ethylene
glycol and ethanol were mixed together and used the capacity of solvent in order to reach the required
temperature. The sealed chamber is kept inside box furnace that has been preheated for 12 hours the
temperature including 200 °C, 150 °C and 135 °C in order to calibrate the size of nanoparticle after
precipitation was collected after that it was washed three times with ethanol and water it was dried in
air at room temperature.

141



Current Research in Science and Technology

ISBN: 978-81-970491-2-5

e) Pyrolysis technique: The process known as
pyrolysis being with atomization of precursor
solution is evaporated and concluded with the
decomposition into films and particles. In order to
produce solution, the zinc compound is first
dissolved in the distillation water in reactor
maintained at temperature of 1200 °C the droplet
distinguish a cold precipitator is used to create
nano particles and dried in an own at temperature
of 100 °C. Washing the product in water helped get
rid of any unreacted zinc component.

f) Gas condensation technique: Zinc component
is introduced into chamber that is under vacuum
the substance is melted and then evaporated into
gas before being vaporized inert gas and material
vapor have collisions inside of vacuum chamber.
We able to simplify manage the pressure and
temperature by optimal condensation condition
within the vacuum chamber nanoscale production
of metal nanoparticles being with nucleation of the
particles the nanoparticles are a masked on the
surface of the collector by the process of
Vaporization and condensation.

4. PHYSICAL FABRICATION

Evaporating the materials is the first stage in
the bottom-up technique to the synthesis of mono-
structural materials the condensation acquires
particle size second step. The three process that fall
under the category of physical synthesis are high
energy ball milling, solid chemical and physical
vapor deposition and laser ablation.
a) High energy ball milling technique: Zinc
oxide powder takes anywhere from two hours to
fifth hours depending on the temperature and
humidity of surrounding air. In horizontal
oscillating mill the milling process was carried out
necessary rate of 25 Hertz. The ratio of zinc oxide
powder to steel ball in the combination is 1:15,
based on weight of the individual component the
process of material was placed without use of any
additional milling agent.
b) laser ablation: To prepare the solution by
dissolving sodium dodecyl sulphate double
distilled water a piece of zinc metal with Laser at a
frequency of 10 Hertz output of secondary
harmonics with focal length 250 nm for 60 minute
and total energy of 100 millijoule nano particles of
zinc were synthesized.

Hydrochlonc ackd HCY Ethyl Alcohol C2H50H

Mixing at room temperature

Tin tetrachlonde SnCie

Heat treatment subatrates at 600°C for 3 min
Deposition by spray pysalysis method
Heat treatment at 600°C for 3 min

Tin Cuide thin fm

Cool down to room temperutuse

Fig. 4: Flow chart SnO pyrolysis method

| P

Jeak trwing Devte Ar

Mechsasl Prew \urmn

Fig. 5: Flow chart gas condensation method

Commercial PZT powders

High ecengy tiall milling

Surface dispersant or
organic vehicle

Powders with desired size
& distribution

Ball iy
Surface modified powders PZT scl gel solution

Bl mithng

Uniform slurry

Fig. 6: Flow chart high energy
ball milling method
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5. BIOLOGICAL FABRICATION
This method refers to bio mediation in

Vitex trifolia (40g) + 200 mi distilled water

which biological processes are used to degrade and BONed 2% 6070 for 40
metabolize ~ chemical  substance  restoring
environmental qualities. Filtering Reteigerator

a) Plant mediated technique: In this process

nanoparticles are made by bio reducing metal ions

to their most basic form utilizing plant or plant 8 & e B Ot wetrac | a0 and 40
component.

b) Microbes mediated technique: The autoclave

is used to make and sterilize the nutrition broth.

Heat at 60-80°C

then under a septic condition bacterial strains are T
introduced. The temperature is maintained
overnight. The appearance of turbidity confirms Annealed at 400°C for 2 hours

bacterial growth after which the supernatant and
pallet were separated and studied under FTIR,
XRD, UV Spectrophotometer and SEM.

ZnO nanoparticles

Fia. 6: Flow chart ZnO plant mediated method

6. CONCLUSION

The chemistry of nanomaterials (NMs) and nanoparticles (NPs) are burgeoning field of
research and rapidly expanding technology sector in a wide variety of application. The one-
dimensional, two-dimensional and three-dimensional nanoparticles are three types of nano materials
on the basis of their dimension. The most important innovation are the design and fabrication of Nano
scale materials made up of metal oxide & metal carbon allotropes. These materials are used in vast
range of field such as energy storage, catalysis and bio-synthesis convergent devices and bio-medicine
applications. One of the most stable n type semiconducting materials for chemical and thermal
application is ZnO, which is available in variety of forms including pallets, bulk crystal and thin film
for using everything from luminous materials to batteries, super capacitors and solar cells to
biomedical and photocatalytic sensor. These nanostructures can be fabricated quite easy at very low
temperature and variety of different growth technique for ZnO. Nanostructure have been documented
including chemical, physical and biological techniques. These three process that fall under the
category of physical synthesis are high energy ball milling, solid chemical and physical vapor
decomposition and laser ablation.it has many different applications ranging from ceramics to dyes,
agriculture to pharmaceutics and chemicals to paints.it also employ a wide number of different
industries.
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ABSTRACT

A study of variable stars plays a central role in understanding the process of evolution of the stars. Astronomers
can determine the mass, radius, age, temperature, chemical composition and many other properties of a star by
observing its spectrum, luminosity and motion through space. The rapidly increasing sophistication in the optics
and electronics has made small optical telescope very efficient and intelligent. With the state of art back-end
instruments like photoelectric photometers interfaced with computer and compact CCD camera, the
conventional photometric monitoring has become a highly potential tool for the study of variable stars. The
main objective of this chapter/paper to focus study of variable stars using small optical telescopes.

Keywords: Mass Variable Stars, Small Optical Telescopes

1. INTRODUCTION

Research on variable stars is important because it plays a crucial role in our understanding of
the universe. In many cases the nature of the variability provides the clues to many astrophysical
research problems enabling to understand the physics of the other stars. With the availability of small
robotic optical telescopes and quality photometers and CCDs at a very reasonable price, the
photometric study of variable stars is becoming very popular amongst the astronomers. Astronomers
can determine the mass, radius, age, temperature, chemical composition and many other properties of
a star by observing its spectrum, luminosity and motion through space. In this chapter/paper, we
describe the research activities that we have been carrying out quite successfully using Small Optical
Telescope.
Variable Stars

The stars varying in their brightness (magnitude) are called as ‘Variable Stars’. These changes
are of deeper nature and dependent on the structure of the stellar interior. They are directly related to
the characteristics of these objects. The ‘Period of Variation’ is very important parameter, which
varies from fraction of a second to several hundred days, even to the extent of several years, for
different stars. Over 100,000 variable stars are known and catalogued, and many thousands more are
suspected to be variable. There are a number of reasons why variable stars change their brightness.
Variable stars need to be systematically observed over decades so that the changes in their variability
can be studied as their long-time behavior. This data provides valuable information needed to analyze
variable star behavior, which makes it possible to develop theoretical models of variable stars.
Small Optical Telescope

All the photometric data analysed for our research were obtained using small optical telescope;
12” Meade LX200 Schmidt- Cassegrain reflector telescope mounted at J.E.S. Observatory, Jalna
(Latitude 190 51° 19” N; Longitude 750 54’ 22” E), India as shown in Fig.1. This telescope includes
12" Schmidt-Cassegrain optical tube assembly with EMC Super Multi-Coatings (D = 305mm, F =
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3048mm-f/10), heavy-duty fork mount with 4"-diameter sealed polar ball bearing, quartz-
microprocessor-controlled 5.75" worm gears on both axes, and multi-function power panel display on
the drive base. Manual and electric slow-motion controls are on both axes. Setting circles are in RA
and Dec. Handheld keypad Electronic Command Center with digital readout display, PPEC Smart
Drive, 7-speed drive control on both axes, GO TO controller, High-Precision Pointing, and 64,359-
object onboard celestial software library. A 25 ft. power cord and adapter are for telescope operation.
A 8 x 50mm viewfinder and 2" diagonal mirror with 1.25" adapter. Series 4000 SP26mm eyepiece is
with the telescope. On the other hand, Meade LX200 telescope can be controlled either by keypad or
through computer.

Fig.1: 12” Meade LX200 Schmidt-Cassegrain reflector telescope mounted at J.E.S. Observatory,
Jalna

Photometry of Variable Stars using Small Optical Telescope

Small optical telescopes (aperture<im) with adequate backend instrumentation (e.g.
photometer, CCD camera and CCD spectrograph) can be used for observational astronomy among the
researchers in colleges and universities. On the basis of our experience over a decade of observing
with small optical telescope can be effectively used for research in astronomy. A computer controlled
12” Schmidt-Cassegrain Meade LX-200 optical telescope is installed at J.E.S. College, Jalna. It has a
capacity to see the stars of 15th magnitude under extremely good sky conditions. A solid-state
photometer of Optec, SSP- 3A Second Gen, with B, V, R, | filters is used as a back-end instrument of
the telescope for measuring brightness of the stars. We are using this optical system to study the
variability in brightness of variable stars in the sky.

We studied the short term as well as long term photometric light variation of few variable stars
using small optical telescope. The optical photometric observations of these variable stars are taken by
using observational facilities available; i) 12” Meade LX200 Schmidt-Cassegrain reflector small
optical telescope ii) SSP-3A generation 2 solid state photometer, iii) Chris Marriott’s Sky Map Pro 7
at J.E.S. College, Jalna, India. We used differential photometry method for study of the variable stars.
Photometric Observations

The observational work at JESO using a small optical telescope, 12” Meade LX200, mainly
involves photoelectric photometry of Chromospherically Active Stars in general and RS Canum
Venaticorum (RS CVn) type stars, in particular. More than a dozen such stars are observed so far and
the present paper presents brief observational findings of only one variable star for understanding. The
photometric observations and their results of Sigma Gemini (HD 62044) variable star is discussed as
follows.

Sigma Gemini (HD 62044) is a bright (Vmax= 4.15), non-eclipsing single-lined spectroscopic
binary system long orbital period of 19d.605 (Bopp & Dempsey 1989) at a distance of 37.5 pc. The
photometric light variation is due to spots on the K1 III primary star. ¢ Gem shows photometric
variability of = 0.17 mag. in V band. Using simple light curve modeling method (Strassmeier et al.
1988 and Henry et al. 1995a) suggested two cool spots on the K1 Il primary star and found a 2.7 year
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period of cyclic variation. Strong Ca Il H & K and Ha emission, UV line emission and X-ray
emission have also been observed revealing the unusual high level of chromospheric and coronal
activity (Schrijver et al. 1995; Elgaray et al. 1997). Smith & Bopp (1982) noted that the Ha absorption
line in o Gem was partly filled in by chromospheric emission. A detailed study of Ha line profile by
Eker (1986) showed the line core to vary with the orbital phase in agreement with location of the
stellar active region. ¢ Gem was not regarded as a suitable candidate for Doppler imaging due to the
fact that it has a small rotational velocity (vsini ~27 kms—1) and relatively moderate rotation period.
However, Hatzes (1993) obtained surface maps of c Gem showing the existence of five spots lying on
band centered near latitude +550 without any evidence for polar spots. Kovari (2001) also obtained
surface maps for 6 Gem covering 3.6 consecutive rotation cycles. They found that all spots group
either lie long a band at approximately +450 latitude or appear centered at the equator with no polar or
high latitude spot detected.

Our BV differential photometry of ¢ Gem carried out during observing season 2008-09 giving
data of 32 nights. The light curve for V band, differential V band reveal remarkable light variation as
shown in Fig.2 to Fig.3. Sigma Gemini shows moderate photometric variability with VV amplitude of
less than 0.1 magnitude however, it is known to be a strong source of X ray emission (Dempsey et al
1993). In our photoelectric observations of Sigma Gemini, the amplitude of photometric wave is
variable with a maximum value of 0.12 magnitude in V band. The differential magnitude is 0.05.
Sigma Gemini and it’s comparison star differ less than 0.1 magnitude in B-V which should be
extremely small. There is too small variation in the color indices of this star to allow us to determine a
reliable value of the spot temperature. The brightness at minimum and maximum is same as found
earlier by Henry et al. (1995a).
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Fig.2: Differential V band light curve of ¢ Gem (HD 62044)
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Fig. 3: Differential V band light curve of 6 Gem (HD 62044)
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CONCLUSIONS

The motivation behind the present work was to use the small optical telescope equipped with
state of art backend instrument and to study the short term as well as long term photometric light
variation of variable stars. In this chapter/paper we have presented the photoelectric photometry of
Sigma Gemini (HD 62044) variable star by using 12” LX200 Meade Schmidt-Cassegrain reflector
telescope. The Small Optical Telescopes are more useful for research in astronomy to collect data on a
variety of objects in the Universe, and all have contributed to provide a better understanding of the
Universe.
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