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ABOUT THE CONFERENCE:

The department of Physics, University College of Science, Saifabad, Osmania University,
Hyderabad is organizing a Second National Conference on Recent Advances in Applied Nano
Materials during 16-17 February -2018. Nanoscience is an emerging interdisciplinary science
which integrates Physics, Chemistry, Biology, Materials Engineering, Earth Science and
Computer Science. The National conference covers a wide range of topics in Nano and Bio-
sciences. The scope of this program is to gain fundamental understanding on Recent Advances in
Applied Nano Materials. The need for nano materials in bio sciences for drug delivery systems,
magnetic cell separation, cancer treatment, etc.is ever increasing. There is a flourishing interest
in nanoscience and its applications in Hi-tech areas such as super capacitors, spintronics and
magnetic imaging.

ABOUT THE COLLEGE:

The University College of Science, Saifabad was established in 1951, as a constituent college of
Osmania University, which is accredited with A grade. The college campus is centrally located
in the city of Hyderabad and provides an excellent academic environment. Highly qualified
faculty and advanced equipment available with the college made it one of the best centers for
research, training and learning. The college has various Under Graduate and Post Graduate
courses in six subjects including Physics. Choice Based Credit System in Post Graduate
programmes has been adopted from the current academic year. This college is proud of academic
achievements by its teaching faculty.

ABOUT THE DEPARTMENT:

The department of Physics was established as one of the core departments of the college in 1951,
offering under Graduate courses. In 1991 its activities were upgraded to include teaching at the
Post-Graduate level with introduction of M.Sc. course in Physics with Condensed Matter Physics
as specialization. This department is funded by the DST under FIST Programme.

© Department of Physics, University College of Science, Saifabad,
Osmania University, Hyderabad - 500 004.

DISCLAIMER
The author/authors are solely responsible for the content of the papers compiled in this
Conference Special issue. The publisher or editor does not take any responsibility for the same in
any manner.
No part of this publication may be reproduced or transmitted in any form by any means,
electronic or mechanical, including photocopy, recording, or any information storage and
retrieval system, without permission in writing from the copyright owner.
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A brief Report of National Confernce

The two-day National Conference on “Recent Advances in Applied Nano Materials”
(NCRAANM 2018) on the occasion of National Science Day celebrations, being organized by
Department of Physics, University College of Science, Saifabad was attended by more than 300
participants. The conference was well attended by eminent academicians, faculty members and
students from reputed technical and educational institutions from different parts of the country
and representatives of governmental bodies and industries.

The conference was inaugurated by Prof.R.Sayanna, Vive-Chancellor, Kakatiya
University, Warangal, Prof. Althaf Hussain, Vice Chancellor, Mahathma Gandhi
University, Nalgonda, Prof. Ramanuja Chary, Rowan University, USA, Prof. J.Shiva Kumar,
Head, Dept Of Physics, University College of Science, OU, Hyderabad , Prof.S.K.Mahmood,
Principal, University College of Science, Saifabad, and Dr.V .Nathanial, Organising Secretary of
this conference were participated. On 16™morning in the inaugural session, all the dignitaries on
the dias were released the Conference Souvenir and share their views on the conference by
addressing the gathering. The Chief Guest and Guest of Honors were gave their valuable
speeches. Further they spoke about recent developments in Nano Science and Technology. The
inauguration was soon followed by the key note address of Prof K.V.Ramanuja Chary, Rowan
University, USA. Then after high Tea Break, the first technical session started, chaired by Dr. J.
Laxman Naik and co-chaired by Prof Subhash Kondavar and two invited talks were presented
during the session one of them by Dr.T.Theivasanthi, Kalasha Lingam University, Madhurai,
Tamilnadu on Applications of Nano aterials.

After the lunch break, the second session started with Prof K.V. Ramanuja Chary, Rowan
University, USA delivered a talk on Fossil fuel rapid depletion of non-renewable resources is
poising an imminent threat to the energy and supply of fine chemicals that are vital to the global
economy. After this talk, few of the oral presentations given by the participants were completed.
After this, Prof G. Prasad, Osmania University was giving the invited talk on Properties and
Applications of Nano ferro electric materials, followed by cultural sessions.

The second day program was started with oral presentations by the participants followed
by the invited talk by the Prof.Subhash kondawar, RTM University, Nagpur delivered an
inspirational talk on Enhanced Sensor Functionality of Polyaniline Hybrid Nano fibers for
chemical vapors. After lunch break, Prof.D.Ravinder, Department of Physics, Osmania
University delivered a lecture on Applications of Nano ferrites followed by Poster session.

During the valedictory program conducted in the evening, the chief guest Prof R.
Limbadri, Vice Chairman, Telangana State Council of Higher Education, Guest of honour
Prof.D.Ravinder, Program presiding by Dr.G.Prabhakar Former Vice Principal, University
College of Science, Saifabad, Prof.Theivasanthi, Prof.S.Kondawar were participated. A few
participants who gave their feedback on the conference praised the institution for hosting its first
ever conference in such an impeccable manner and said that they were overwhelmed by the
hospitality offered by the organizers. Best Oral and best Poster Presentations were given in the
program.
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The Chief Guest, Prof R. Sayanna Vice Chancellor, Kakatiya University is giving
inaugural speech in the Inaugural session of the two-day National Conference on Recent
Advances in Applied Nano Materials (NCRAANM-2018).

Releasing of the Conference by the Dignitaries on the dias of Two-day National Conference on
Recent Advances in Applied Nano Materials (NCRAANM-2018).
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A Participant from Mangalure University sharing his experience of Two-day National
Conference on Recent Advances in Applied Nano Materials (NCRAANM-2018).
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Best Oral Presentation received by Mrs Purnima Setty Department of physics O.U. in Two-day
National Conference on Recent Advances in Applied Nano Materials (NCRAANM-2018).
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Appreciation Memento to Dr B. Ramaiah, Department of Physics, UCS Saifabad a member in
organizing committee of Two-day National Conference on Recent Advances in Applied Nano
Materials (NCRAANM-2018).
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Ultrasonic Effect on Rheological Parameters of Human Blood

Mohd Abdul Saleem and Kaleem Ahmed Jaleeli
Biophysics Research Laboratory, Department of Physics Nizam College (Autonomous),
Osmania University, Hyderabad-500001, India.
Email - saleemsaqibi25 @gmail.com, kaleemjaleeli @ gmail.com

Abstract: The present paper reports the data on Rheological parameters of normal and ultrasonic irradiated
human blood. The blood samples were collected from the healthy donors and were stored in heparin as
anticoagulant. The samples were irradiated with ultrasonic interferometer at a frequency of SMHz.

In the present investigation, the Rheological parameters (viscosity, volume flow Rate and surface
tension) of normal and ultrasonic irradiated human blood are determined employing capillary viscometer
technique. Blood samples are irradiated with ultrasonic standing waves at an interval of 30 min upto 2 hours
using ultrasonic interferometer. The data reveals variation in the rheological parameters of normal and
ultrasonic irradiated blood samples.

Key Words: Human blood, Ultrasonic interferometer, Ultrasonic Standing waves, Viscometer, Viscosity,
Volume flow rate, Surface Tension

. J

1. INTRODUCTION:

Ultrasound refers to sound with a frequency above that which can be detected by the human ear. It is a cyclic
sound pressure with a frequency greater than the upper limit of human hearing. Its interaction with living system leads
to a special branch of physics called Ultrasonic Biophysics. Ultrasonic biophysics is the study of mechanisms
responsible for how ultrasound and biological materials interact. Ultrasound induced bioeffects focus on issues related
to the effect of ultrasound on biological materials.

Rheology is the study of the flow and deformation behavior of materials. It is a specialized part of fluid
mechanics and is concerned primarily with Non-Newtonian substances like Blood. Blood is a vital fluid found in
human being and other animals. It contains many chemical compounds to perform various functions.

Watchier [1] reported the absorption of ultrasound in water, blood, milk and other biological fluids at 1-10
GHz using damped oscillation.

G Gopala Krishna et al [2] determined the absorption of ultrasound in human blood. The study suggests that
the absorption of ultrasound in human blood is due to viscous interaction between the fluid and the suspended cells.

S Chien et al [3] carried out the work on effects of hematocrit and plasma proteins on human blood Rheology
at low shear rates. The Viscosity of whole blood, defibrinated blood and Ringer suspension of cells was determined at
low shear rates and was observed that the Viscosity of each system rises as the hematocrit is increased.

Somayeh Arain Rad et al [4] studied the mobile phone effects on viscosity of human blood. The study reveals
that viscosity increases linearly with the exposure time.

Naresh Kaul [5] using simple approach of viscometer technique studied the rheological behavior of blood and
observed that Viscosity is affected by various factors and concluded that it depends on the amount of plasma proteins,
the number and volume of corpuscles.

Barbee JH [6] studied the effect of temperature on relative viscosity of human blood. Blood viscosity is a
measure of the resistance of blood to flow, which is being deformed by either shear stress or extensional stress.

Lowe GD et al [7] examined the relationship of Blood viscosity and risk of cardiovascular events. The finding

suggests that the increased blood viscosity may be one plausible biological mechanism through which increase in
haematocrit and fibrinogen may promote ischaemic heart disease and stroke.
Sahar E et al [8] analyzed the effect of electric field on hematological parameters and biophysical blood properties for
diagnosing anemia in rats and concluded that Electric field exposures may alter the blood mechanical and rheological
properties. EF exposure originated different metabolic and hematological effects, which appeared to be related to the
duration of exposure.
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G.B. Thurston [9] studied the Viscoelasticity of Human Blood. The study reveals that viscoelastic properties are
strongly dependent upon both the hematocrit and the velocity gradient, at low hematocrits the viscosity of blood is not
dependent upon shear rate and hence is Newtonian while at higher hematocrits it is Non Newtonian.

2. MATERIALS AND METHODS:

Blood samples of volume 4 ml were collected from the healthy donors and were stored in Heparin as
anticoagulant. Each sample was divided into two parts. One was a control sample and the other was test sample. The
test sample was irradiated using Ultrasonic interferometer. Rheological parameters such as coefficient of Viscosity,
Volume flow rate and Surface tension of normal and ultrasonic irradiated blood samples exposed upto 2 hours at an
interval of 30 min were determined using capillary viscometer technique, developed in Biophysics Research
Laboratory, Nizam College, Hyderabad.

The viscometer is a simple capillary tube of length of about 30cm and with a radius of 0.05cm. The capillary
tube was marked with two preset points A and B the distance between them is 10 cm. A sample of blood of length 2 to
6 cm was sucked by one end of the capillary tube. The flow of blood column in the capillary tube was controlled by
closing and opening upper end of the tube. The time required for the sample to travel a fixed distance of 10 cm was
recorded and velocity was calculated from the ratio of preset distance (10 cm) and time.

A plot is drawn between 1/L on X- axis and V on Y-axis and it is a straight line with intercept on Y- axis. The
intercept of the straight line is measured which gives the maximum velocity (V). Viscosity, Volume flow rate and
Surface tension were calculated from the intercept of the straight line using the following formulas

1. Coefficient of Viscosity has been calculated using the equation

n= Rng/ 8V,

n-Coefficient of viscosity (poise);
g — acceleration due to gravity (cm/s’);
R-Radius of capillary tube (cm),
p- Density of blood (gm/cc);
V,. Y- intercepts.
2. Volume flow rate (Q) has been obtained using the equation

Q = Vo (aR?)
Vo — Maximum Velocity;
R —Radius of Capillary tube (0.05cm)

4. Surface Tension has been calculated using the relation
T = (4nTana) / RCos6
1 — Coefficient of viscosity (poise);
R — Radius of capillary tube (cm);
0- Angle of contact of sample with capillary wall- 30°
a- slope of the straight line between L on X- axis and velocity on Y- axis

A simple viscometer Technique
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3. RESULTS AND DISCUSSIONS:
Table 1 presents the data on coefficient of Viscosity, Volume flow rate and Surface tension of normal and
ultrasound irradiated blood using ultrasonic interferometer upto 2hours with an interval of 30 min.

Tablel: Data on Coefficient of Viscosity, Volume flow rate and Surface tension with respect to Time (min)

Time(min) 0 30 60 920 120 % change
for 2hours
Coefficient of Viscosity(poise) | 0.046 0.047 0.050 0.059 0.062 34.7
Volume Flow Rate(cm’.sec?) 0.054 0.053 0.050 0.042 0.040 -25.92
Surface Tension(dyne.cm'l) 47.21 48.24 51.32 49.54 52.06 10.27

Fig 1: Plot between Coefficient of Viscosity (n) and time
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Fig 2 : Plot between Volume Flow Rate (Q) and time
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Fig 3 : Plot between Surface Tension(T) and time
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It is evident from Fig 1, 2 & 3 that the Coefficient of Viscosity and Surface tension increases linearly with
exposure time whereas the Volume Flow Rate decreases.

The present study demonstrates that the erythrocyte membrane physiology is influenced due to the exposure
of ultrasonic standing wave. The increase in Viscosity and decrease in Volume flow rate of ultrasonic irradiated
sample may be due to aggregation of erythrocytes. The increase in Surface Tension of ultrasonic irradiated sample
may be due to the changes in physical properties of Plasma.
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Abstract: Recent technological advances in nanotechnology, molecular biology, and imaging technology allow
the application of nano materials for early and specific cancer detection and therapy. As early detection is a
prerequisite for successful treatment, this area of research has been rapidly growing. This paper provides an
overview of recent advances in production, functionalization, toxicity reduction, and application of nano
particles to cancer diagnosis, treatment, and treatment monitoring. This review focuses on super paramagnetic
nano particles used as targeted contrast agents in MRI, but it also describes nano particles applied as contrasts
in CT and PET. A very recent development of core/shell nano particles that promises to provide positive contrast
in MRI of cancer is provided. The authors concluded that despite unenviable obstacles, the progress in the area
will lead to rapidly approaching applications of nanotechnology to medicine enabling patient-specific diagnosis
and treatment.

Key Words: Review Article, Nano, MRI, Diagnosis and therapy
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1. INTRODUCTION:

Despite many efforts, cancer is among the top three causes of death in modern society [1], demanding
improved treatment, that currently includes surgery, chemotherapy, and various types of radiation therapy. Although
there is a substantial progress in effective cancer treatment and many forms of cancer are treatable, the therapies are
not always effective and often have undesired side-effects [1]. As early diagnosis is essential for successful therapy,
both new diagnosis and treatment methods need to be developed. Nanotechnology, combined with other disciplines
such as molecular biology and imaging technology, provides unique capabilities and enables innovative diagnosis and
therapy. Furthermore, it also allows individualized treatment and treatment monitoring, taking into account patients’
variability and thus their response to treatment, ensuring optimal efficacy of the applied therapy. While this
technology is currently mostly applied to various types of cancer, it could soon find applications to other diseases.

2. NANO MATERIALS:

In Cancer Diagnosis As early diagnosis is associated with positive outcome, using any type of therapy, there
are many incentives for developing technologies that can detect cancer at its earliest stages. In most cases, detection of
stage 1 cancers is associated with a higher than 90% 5-year survival rate [2, 3] due to availability of curative
treatment. Currently, cancer is detected using various medical tests such as blood, urine, or imaging techniques
followed by biopsy. Conventional anatomical imaging techniques typically detect cancers when they are few
millimeters (e.g., MRI) or centimetres (e.g., PET) in diameter, at which time they already consist of more than a
million cells. Recently proposed molecular imaging aims at rectifying this disadvantage. The development of this new
imaging modality became possible due to the recent progress in nanotechnology, molecular and cell biology, and
imaging technologies. While molecular imaging applies to various imaging techniques such as Positron Emission
Tomography (PET), computed tomography(CT), or ultrasound, of particular interest is magnetic resonance imaging
(MRI) that provides the best spatial resolution when compared to other techniques and is noninvasive or at least
minimally invasive. Unfortunately, MRI has not been applied to its full potential for the diagnosis of cancer mostly
because of its low specificity (false-positive rate of 10% for breast cancer) [4—8]. The lack of MRI specificity can be,
however, rectified using cell markers and unique properties of paramagnetic and super paramagnetic nano particles
(NP), which can be utilized to be detected with MRI in small quantities. Super(paramagnetic) nano particles when
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placed in the magnetic field disturb the field causing faster water proton relaxation, thus enabling detection with MRI.
Nano particles, typically smaller than 100 nm, have been applied to medicine [9, 10] due to their unique magnetic
properties and sizes, comparable to the largest biological molecules, such as enzymes, receptors, or antibodies, that
enable diagnostic, therapy as well as combined therapy and diagnostic (known as theranostics) [11, 12]. Nano particles
with potential MRI-related medical applications comprise various materials, such as metals (gold, silver, and cobalt)
or metal oxides (Fe304, TiO2, and SiO2). A passive or active method can be used to deliver nano particles to the
specific site. An example of passive application of iron-based nano particles is liver cancer that lacks an efficient
method of early diagnosis. Current techniques, including ultrasound, CT, and MRI, detect liver tumors only when they
have grown to about 5 centimeters in diameter. By that time, the cancer is especially aggressive, resisting
chemotherapy, and difficult to remove surgically.

3. CORE-SHELL NANO PARTICLES:

The very recent development in nanotechnology enabled the production of complex particles consisting of the
core and shell, each made of different atoms, such as FePt@Au [13].In principle, there are two types of core/shell
nano particles used in imaging applications: inorganic/organic and inorganic/ [14]. The most common organic shell is
silica(Si02),while inorganic material comprises various metals. Many inorganic core-shell nano particles have been
constructed ,including Au@Ag [123], Au@Co [15], Au@Pt [16],Au@TiO2 [17],Au@Fe203 [18],Ni@Ag [19],
Fe@Ag [20],Ni@Pt [21], Co@Au [22], Fe@Pt [23], LaF3@Eu [24] or f-NaYF4 : Yb3+, and Er3+/f-NaYF4
[25].This development allowed new applications of nano particles, for example, as targeted contrast agents generating
positive contrast in MRI. Standard contrast agents shortening72 have been developed, yet efficient targeted contrast
agents shortening both T'1 and T2 are still an area of research as the core/shell nano particles could provide improved
tumor delineation and hyperintense tumor MRI due to shortening both T1 and T2, unlike standard iron-based nano
particles that shorten mostly T2 [26, 27-31].

4. PRODUCTION OF NANO PARTICLES:

A commonly used method of magnetite synthesis is the coprecipitation of iron salts in aqueous media at room
temperature under basic, inert conditions [7, 8]. This relatively straightforward method results in the formation of
large amounts of magnetic core clusters of about 36nmcomposedof single particles around 10 nm; however, the
generated clusters are very polydisperse. Difficult control of aggregation and particle size distribution are the
disadvantages of the coprecipitation method. An alternative to coprecipitation is the thermal decomposition
method[32,33,34,35,36,37].In this method, an iron oleate precursor is prepared which isthen decomposed into an iron
oxide at high temperature in an organic solvent. The resulting nanoparticles have narrow size distributions but
unfortunately are coated with a hydrophobiclayer of oleic acid. In order to obtain stable aqueous dispersions of these
particles in water, OA on the surface of the particles is exchanged for another ligand [38] which not only stabilizes the
particle in suspension but can also serve to covalently attach other molecules to the surface of the particle [8].The
most common synthesis methods of core/shell nanoparticles are chemical vapor deposition, laser-induced assembly
,self-assembly, and colloidal aggregation [39, 40].In the microemulsion method [40], surfactants allow the
homogenization of all types of reactants, and the particles formed are capped by the surfactant molecules [41]. Thus,
the size of the nanoparticles can be controlled varying a concentration of surfactant .Mandal et al. used glucose .to
control shell growth of gold or silver onto Fe304 particles upon heating of the mixture of Fe304 particles. To
coverFe304 nano particles with gold or silver, a modified micro emulsion method has been used . This method allows
shell thickness of the core-shell particles to be tunable and allowed production of structures of size from18
to30nmwithvarying proportion of Fe304 to the noble metal precursor salts [41].Very recently a very promising
method of production of3D colloidal spheres containing various nanoparticles was proposed [42]. These
multifunctional nanoparticles may be used for different applications such as multimodal imaging, remotely controlled
release, targeted drug delivery, or simultaneous diagnosis and therapy [43]. This so-called template assisted
fabrication process uses porous calcium (CaCO3) microspheres as a sacrificial template. This method allows easy
control of the size of the spheres, flexible tuning of their biochemical and physical properties, and encapsulation of
various nanoparticles. The process comprises adsorption of nanoparticles into the porous CaCO3 sphere,
encapsulation of polyelectrolytes, and removal of the template by crosslinking. The end product is a colloidal sphere.
Using this method, Au nanoparticles and cross-linked poly-L-lysine(PLL) (P-AuNPs) [43], citrate-stabilized gold
nanoparticles(C-AuNPs) [44], cetyl trimethylammonium bromide(CTAB) capped gold nanorods (GNRs) [45], and
magnetic nanoparticles (y-Fe203) were used to create 3D hybridcolloidal spheres [46]

5. NANOPARTICLES FOR MULTIMODAL IMAGING:

While various imaging techniques, such as MRI, CT, Positron Emission Tomography (PET), and infrared (IR)
imaging ,have been used for diagnosis and treatment monitoring, eachone delivers different information on disease
and its location. There is no perfect imaging method, as each technique hasits advantages and disadvantages. MRI
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provides the best soft tissue contrast but its sensitivity is low; PET is more sensitive than MRI but its spatial resolution
is low; CT is fast but soft tissue contrast is low; and finally infrared imaging is fast and very sensitive but the depth of
penetration is very low. Nanotechnology allowing production of multimodal contrastagents (“all in one”) takes
advantages of all these modalities.Of particular interest is the recent development of rare earth up conversion
nanophosphors (RE-UCNPs) [47-51]as potential contrast agents because of their optical and biochemical properties,
such as sharp emission lines, long life times, and nonphoto blinking. In particular, Yb3+ and Tm3+codoped RE-
UCNPs emitting at 800nm have been used for a whole-body small-animal near-infrared imaging .This technique
allowed detection of only 50 cells in a whole body mouse imaging . Unfortunately, photo luminescent imaging has a
low light penetration depth, but this limitation could be rectified by simultaneous application of MRI or/and CT with a
contrast agent suitable for all these techniques. Therefore, Gd3+ was synthesized with RE-UCNPs creating magnetic-
luminescent RE-UCNPs contrast agent for bimodal imaging, allowing T1-enhanced MRI and up conversion
luminescence imaging (UCL) . Furthermore, to enable CT, MRI, and luminescence imaging using the same contrast,
super paramagnetic nano particles have been synthesized with RE-UCNPs using a cross linker anchoring method. An
example isNaYF4 : Yb,Er@Fe304@ Au,which could be used for MRI, optical, and CT imaging . NaYF4 : Yb,Tm
@FexOy core-shell nanostructure was used for T2-weighted MRI and UCL bimodal lymphatic imaging . Of particular
interest for multimodal contrasts may be NaLuF4because RE-UCNPs based on the NaLLuF4 have high UCL uantum
yield and high X-ray absorption co efficient. Another example of multimodal application of nano particles is their
simultaneous utilization in high-resolution MRI and high-sensitivity PET for more accurate disease detection. The
PET marker (e.g., Cu64) can be added to an MRI marker creating a MRI/PET contrast agent. Furthermore,
radionuclide attachment can be achieved via chelating agents.[41-47].

9. CONCLUSIONS:

Recent developments in nano materials, molecular and cellular biology, and imaging technology enabled to
enhance our diagnostic and therapeutic capabilities, improving detection limits tissue down to the cell and even to the
molecular level. We can now combine atom and bio molecular Journal of Nano materials 7manipulation applying
quantum physics, molecular chemistry, biology, and genetics to fabricate minute synthetic structures and to apply
them along with high-resolution noninvasive imaging technologies for diagnosis, therapy, and treatment monitoring.
Current investigation of nano materials in animal models has offered less invasive diagnosis and induced fewer side-
effects due to improved targeting, yet up to date their clinical applications have been limited. The major obstacle
seems to be the long time needed for clinical trials and associated costs. Despite that nano materials will likely have a
significant impact on patient care in the future.
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Abstract:The paper reports data on excess permittivity, dielectric relaxation time and membrane capacitance of

human blood of groups A, B, AB and O using the technique of dielectrophoresis. In this technique,
dielectrophoretic collection rate (DCR) of erythrocytes is measured, when they are suspended in glycine -
glucose medium and subjected to non- uniform electric field (NUEF), produced by pin - pin electrode
configuration or spherical field geometry at the frequency ranging 1 MHz to 10 MHz and applied voltage of 30
Vpp. Knowing DCR and other parameters concerned with electrode chamber and electric field strength, excess
permittivity; relaxation time; and membrane capacitance of erythrocytes are calculated.

Key Words: Excess Permittivity, Relaxation Time, Membrane Capacitance Dielectrophoresis, Pin - Pin
Electrode Configuration, Human Erythrocytes, Glycine-Glucose medium.
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1. INTRODUCTION

Pohl (1951) observed the translational motion of neutral matter caused by polarization effect in a non-uniform
electric field and named it as dielectrophoresis. Till then the study of non-uniform field effects (NUFE) on neutral
matter was not recognized as a separate phenomenon. It was used as early as 600 B.C. by Thales of miletus to sort out
fluff from other matter [1]. The same phenomenon was observed by Gilbert (1600) and he reported the change in
shape of water drops when they were brought closer to electrified amber [2].

Winckler (1748) and Priestly (1769) noticed non-uniform field effect on organic matter [3] [4]. However,
NUFE for the separation of materials was realized in 19th century when Lowden (1891) reported a technique for the
removal of metal particles from used lubricating oils [5]. Dow (1926) used NUFE for the removal of emulsions of
water from petroleum [6]. Pohl (1951) used the NUFE for analysing plastic pigments at the Naval Research
Laboratory. The phenomenon was rather fully defined and explored by Pohl and his co-workers treating non-
biological matter with non-uniform electric fields. These studies paved the way for biological dielectrophoresis [7].

The first application of non-uniform electric field effects on biological matter or in other words biological
dielectrophoresis was described by Pohl and Pylmale (1960a) [8] [9]. The separation of living cells from dead was
made by Pohl and Hawk (1966) [10]. Mason and Twonsley (1971) made use of DEP technique to separate living cells
and organelles of the same species that differ only in diet [11]. Chen and Pohl (1974) described a technique known as
single cell dielectrophoresis to find excess permittivity of a single cell [12]. Pohl (1973) characterized single cell
organism and organelles by their characteristic yield spectra [13]. Eisenstadt and Schienberg (1972) determined the
diffusion coefficient of proteins in solution [14]. Pohl and his collaborators made dielectrophoretic analysis on
biological matter at cellular, particulate and molecular levels.

Gopala Krishna et al (1981 & 1983 a) reported the dielectrophoretic collection rate (DCR) of yeast cells
saccharomyces cervisiae considering cylindrical field geometry [15] [16]. The excess permittivity of individual yeast
cells was determined by subjecting them to both dynamic and static single cell dielectrophoresis (Gopala Krishna et al
1983b) [17].

Gopala Krishna et al (1992) reported the influence of thrombosis on dielectrophoretic collection of human
erythrocytes. The dielectrophoretic collection rate (DCR) of normal and diseased human erythrocytes was studied by
varying the frequency of applied field from 1 MHz to 10 MHz, keeping all other parameters constant. Characteristic
frequencies were measured from dielectrophoretic spectra [18].
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Dielectrophoreticcharacterization of normal and diseased blood was reported by Gopala Krishna et al (1994) [19].
The dielectrophoreticbehavior of human red blood cells (HRBC) from patients suffering from diabetes mellitus and
jaundice was observed. The dielectrophoretic collection rate (DCR) of HRBC was studied in the 3 -dispersion region
keeping all other parameters constant by applying spherical field geometry. Unique frequency dependent spectra,
characteristic of HRBC physiology have been obtained for normal and diseased cells examined under identical
conditions.

Gopala Krishna et al (1995) studied human red blood cells (HRBC) of normal and leukemic blood by using the
principle of dielectrophoresis. The threshold voltage for the dielectrophoretic collection of the normal and diseased
HRBC collected from healthy persons and patients suffering from leukemia were reported, in the 3- dispersion region
under the action of non-uniform electric field set by spherical field geometry. Significant variation was observed in the
threshold voltage for collection of normal and cancer samples at the same frequencies under identical conditions of the
experimentation [20].

Malik Dawoodi and Zafar studied excess permittivity of human erythrocytes of groups (A, B, AB and O by
measuring their velocity when subjected to NUEF [21].

2. MATERIALS AND METHODS
2.1 Dielectrophoretic Set up

The experimental arrangement for biological cell dielectrophoretic study is shown in Fig.1. A signal generator
of frequency ranging from 1 MHz to 10 MHz and voltage of range 30 volt is connected to electrode chamber so as to
produce non-uniform AC field between the rounded tips of the electrodes of the chamber. The frequency of the AC
signal is measured directly from signal generator. An Oscilloscope to monitor the AC signal and to measure the
voltage of the signal accurately is connected to the electrodes of the electrophoretic chamber. A CCTV system
consists of video camera and video monitor is attached to a trinocular microscope (Labo Triumph 90066) to observe
the collection of erythrocytes or formation of pearl chains at the electrodes. The motion of erythrocytes has to be
observed under the microscope continuously for a long duration of time. The CCTV system provides the facility of
microscopic observation and measurements with ease.

2. 2. Construction of Electrode Chamber

In the present investigation, erythrocytes were subjected to non-uniform electric field produced by spherical
field geometry. A pair of platinum wires of diameter 500 um were placed 1 mm above the surface of a glass slide in
such a way that these axes lie along the same straight line with the rounded tips facing each other and were separated
by distance of 750 um. The wires were placed through a non-conducting ring of 1.0 cm internal diameter. When this
ring is cemented on a glass slide it forms pin-pin electrode chamber which canproduce non-uniform electric field
when A.C. voltage is applied between the electrodes. The chamber can hold about 0.3 ml of cell suspension (Fig. 2.).

Fig. 1. Experiental setup of Dielecrophoresis
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Fig. 2.Electrode chamber of dielectrophoresis

2. 2. Experimental Procedure

The erythrocyte suspension of 0.3 ml filled in the electrode chamber was subjected to NUEF produced by pin-
pin electrode configuration.Dielectrophoresis has been carried out in the frequency range 1-10 MHz to realize the
formation of the pearl chains.The average length of the pearl chain formed of cells in one minute termed as
dielectrophoretic collection rate (DCR).The DCR, studied as a function of frequency gives dielectrophoretic spectrum.

The electrode chamber was mounted on a conventional microscope and the observations were made with an
eyepiece micrometer marked into 100 div/cm, each division corresponds to 10 um at 10x of the objective. The AC
signals were drawn from R.F. oscillator. The cell suspension of fixed volume (0.2 ml) was dropped into the chamber
and the electrical signals were applied between the platinum electrode or 1 minute for a fixed rms voltage of 30V.
The cells were collected at round tips of the electrodes along the field lines in the form of pearl chains due to mutual
dielectrophoresis (Fig.3.).

(a). Without electric field

(b). With electric field
Fig. 3.Dielectrophoretic Collection of Erythrocytes
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The average chain length was measured for 1 min which gives yield or dielectrophoretic collection rate
(DCR). Keeping electric conductivity of cell suspension cell concentration, applied voltage and elapsed time to be
constant, DCR of erythrocytes was measured as a function of frequency in the range 1 — 10 MHz both for normal and
exposed human erythrocytes. The parameter Excess Permittivity (K,), which involves permittivity of erythrocytes as
well as suspending medium, was calculated using the relation,

912 (1p-17)? doBY?

6412a6C* @21t

€

Where,
ri: radius of the electrode = 250 pum
r,: Distance between the electrodes = 750 um
d: Density of blood = 1045 kg.m3
o: Angular frequency (MHz)
B: Micropolar parameter
a: Radius of the erythrocytes = 3.5 um
¢: Applied voltage = 30 volt
t: Elapsed time = 60 sec
Y: Yield or DCR (pm. Sec-1)
C: Concentration of the cellular suspension = 8.48 x 109 cells / m3
The micropolar parameter (B) is frequency dependent. It is measured by drawing the plot between
Relaxtion time (t) is the reciprocal of characteristic angular frequency (®) of DCR spectrum, ie.,
1

T 2mv
wherev is the frequency of applied voltage.

Membrane capacitance (Cm) is calculated using the relation,

c o T
™ R
Where,

T = Relaxation time; p; = internal resistivity of the cell = 100 ohm.cm; R = radius of erythrocyte = 3.5 um
3. RESULTS AND DISCUSSION

Fig. 1. shows both DCR and Ke spectra i.e., the plot between Ke or DCR of erythrocytes on Y-axis and
frequency of applied a.c. field on X-axis for human blood of groups A, B, AB and O. Two peaks are observed in Ke
spectrum. It is interesting to note from the figure the peaks at the frequencies 5 and 8MHz for A, B and AB groups;
and 4 and 8 MHz for O group. The peaks in the DCR and Ke spectra may perhaps reveal Maxwell-Wagner or
interfacial polarisation of erythrocyte membrane.

Blood Group: A

120 +
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Fig. 1.1(a). DCR spectrum of erythrocytes of A group blood
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Fig. 1.1(b).Ke spectrum of erythrocytes of A group blood
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Fig. 1.2(a). DCR spectrum of erythrocytes of B group blood
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Fig. 1.2(b).Ke spectrum of erythrocytes of B group blood
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Fig. 1.3(a). DCR spectrum of erythrocytes of AB group blood
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Fig. 1.3(b).Ke spectrum of erythrocytes of AB group blood
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Fig. 1.4(a). DCR spectrum of erythrocytes of O group blood
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Fig. 1.4(b).Ke spectrum of erythrocytes of O group blood
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Fig.2. A comparison Ke of erythrocytes of blood groups A, B, AB and O

Fig.2. presents a comparison K.of erythrocytes of blood groups A, B, AB and O. It is observed that
Ke(A) >Ke(O) >K:(AB) >K.(B)

Fig. 3.Gives a comparison of dielectric relaxation time of erythrocytes of blood groups A, B, AB and O. Two
dielectrophoretic relaxation time can be seen.

11 (0)> 11 (A) =11 (B) =11(AB)

12 (A) =12 (B) =12 (AB) =12(0)
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Fig. 3.A comparison of dielectric relaxation time of erythrocytes of blood groups A, B, AB and O.

Fig. 4.Presents a comparison on membrane capacitance of erythrocytes of blood groups A, B, AB and O.
Cml (O) > Cml (A) = Cml (B) =Cml (AB)
Cm2 (A) =Cm2 (B) =Cm2 (AB) = Cm2 (O)

127 Membrane Capacitance
1 .
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Fig. 4. A comparison of membrane capacitance of erythrocytes of blood groups A, B, AB and O.

Blood type A is formed through the addition of the A antigen, which has N-acetylgalactosamine (GalNAc)
glycosidically bonded to the O antigen.

Similarly for blood type B, the B antigen has an additional galactose forming a glycosidic bond to the O
antigen. In both the A and B blood types, the new antigen forms an a-1,3 linkage to the outermost galactose
component of the O antigen through the help of glycosyltransferases. GalNActransferase adds the extra N-
acetylgalactosamine for the A antigen while Galtransferase adds the extra galactose for the B antigen.

Excess permittivity of blood of group A is more, less in groups B and AB than that of O group blood. It shows
that in case of A group blood, GalNAc attached to O antigen icreasesK., while Galactose attached to O antigen (ie
antigen B) decreases K.. Regarding relaxation time (and membrane capacitance, one can say that both Antigen A and
B decrease t and C,,. Finally, the study conclude that the blood antigen influence the dielectric properties of
erythrocytes of human blood.
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Abstract: The paper presents scanning electron micrographs of human hair. The hair samples were selected from

males and females of different age ranging from new born to 75 years in order to examine the influence of age
and sex on morphological structure of hair. The diameter and scale index are measured and noted a significant
variations with respect to age and sex. Diameter tends to peak at about age 50 for male and 45 for female. It is
interesting to note that no of scales per unit length more or less remains the same whatever may be age or sex.
Further it can be noted that there appears no deposition of inorganic material in the organic matrix of human
hair fiber. That is the reason human hair is highly elastic in nature.

Key words: Hair, SEM, keratin, cortex, cuticle, medulla, Morphological Parameters

1. INTRODUCTION

Human hair morphology has been extensively discussed in recent decades due to the interests of those
engaged in the cosmetic industry, dermatological and forensic sciences [1]. With advances in microscopic
techniques, it is possible to obtain additional physical and chemical information about morphological hair structures,
using atomic mass spectroscopy or image mass spectroscopy [2]. Despite more difficult sample preparation methods,
the classical electron microscopy techniques (TEM and SEM) are still very much used to study human hair
morphology [3]. SEM has been substituted by AFM for analyzing hair. Human hair is composed mainly of keratin
which is a- helical protein with high cystine content [4]. Morphological human hair is divided into 4 layers cortex,
cuticle, intercellular material and medulla. The cuticle has an amorphous character. Each cuticle is formed by 4
subunits that have distinct chemical composition and reactivity. Their reticulated structure depends on the cystine
content. The cellular membrane complex (CMC), which is found between cuticles, is a hydrophilic material rich in
polar amino acids and lysine [5]. CMC and endocuticle are believed to be the main diffusion pathways in to human
hair [6]. The cortex is formed by elongated cortical cells surrounded by the CMC. The cortical cell has an inner
fibrillar structure embedded in sulphur rich matrix [7].The medulla is localized in the centre of the fiber and could be
absent, fragmented or continuous [8]. It has high lipid content compared to the rest of the fiber [8] and it is poor in
cystine but rich in citrulline [10]. Thus disulphide bonds are replaced by peptide bonds that maintain cohesion in the
structure which is the reason for the insolubility of medulla proteins. Morphologically it has been reported that
medulla has a porous structure formed by spongy keratin [11]. Since human hair is a biological material that has a
crystalline portion and amorphous structures with different degree of reticulation due to its sulphur content. Scoble
and Litman (1978) found a method of washing of human hair and nail samples to examine by neutron activation and
gamma - ray analysis [12]. The amounts of Na, K, Br, Au, Zn and La that are removed by successive washings
determine the optimum number of washing for removing these trace elements as surface contaminants. Acidic and
basic hair-nail hard keratins their colocalization in upper cortical and cuticle cells of the human hair follicle and their
relationship to soft keratins was studied by Lynch et al (1986). Marshall (1983) studied the Low-sulfur and high-
sulfur proteins from human hair and nail were characterized by 2-dimensional polyacryl amide gel electrophoresis
[13]. Mercury in hair and nails was determined by Suzuki et al (1989) with speciation of chemical forms of mercury
[14]. Total mercury (THg) and inorganic mercury (I Hg) were determined. No sex-related differences were found in
mercury levels in hair and nails. Tazawa - Toshio et al (1997) investigated the fetal development of the nail
epithelium, the expression of hard keratin and epidermal keratin in human fetal skin at various stages of gestation by
immunofluorescence microscopy using anti-hair keratin and anti-epidermal keratin 10 monoclonal antibodies [15].
Marchisio et al (2001) studied the morphological expression of human hair and nail invasion in vitro by 31 isolates
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of nine Scopulariopsis species was studied by light microscopy on whole material and on semi-thin sections, as well
as by transmission electron microscopy.

2. MATERIALS AND METHODS

The human hairs of different age of male and female totaling 13 samples were collected from donors. The hair
samples were washed three times, and dried at room temperature till further analysis. SEM images of hair samples
were recorded directly using scanning electron microscope of make (CarnZeiss merlin compact) and model 30Kv-
OXFORD EDAX. The SEM images for hair samples of 6 males and 7 females of age ranging from new born to 75
years, at the magnification 10K X are presented in Fig 3-15.

3. RESULTS AND DISCUSSION

Table 1 presents average values of diameter of 6 hair samples of males, measured at their two positions. Also,
age of male subjects ranging from 0.5 — 60 years is shown in the table. Similar data is presented in Table 2 for hair
samples of 7 females whose age ranges between 0.25 and 75 years.

Table 1: Data on Diameter of male human hair of different age

Age Diameter (um)
( Year) Position 1 Position 2 Mean
0.5 13.39 13.80 13.50
5 53.60 54.25 53.90
25 83.19 83.32 83.25
30 93.54 90.68 92.11
50 97.93 97.62 97.77
60 66.46 68.02 67.24

Table 2: Data on Diameter of female human hair of different age

Age Diameter (um)

(Year) Position 1 Position 2 Mean
0.25 34.55 34.18 34.37
10 67.32 66.31 66.82
20 80.41 75.91 78.16
37 89.18 88.15 88.67
45 98.45 95.25 96.85
55 86.98 94.34 90.16
75 56.06 55.32 55.69

Figs 1 and 2 depict plots between age in years on X - axis and diameter of hair in micro meter on Y-axis. The
graphs are curves. Their equations along with R?are also presented in the Figs. 1 and 2. It is evident from the figures
that diameter of hair tends to peak at about age 50 for males and age 45 for females. It is interesting to note that the
diameter human hair more or less the same irrespective of sex.

Male
120 -
100 - ®
5 80 -
g i
g © y = -0.0002x? - 0.038x2 + 3.7371x + 21.704
E a0 - R2=0.9174
2 20 »
0 T T T T T T 1
0 10 20 30 40 50 60
Age (year)

Fig.1. A plot between diameter of hair and age of males
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Fig. 2. A plot between diameter of hair and age of females
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Fig.5. SEM Micrograph of female human hair Fig.6.SEM Micrograph of female human hair of
of age 20 years at Magnification1 0KX age 37 years at Magnification 10 KX

F1g 7. SEM M1crograph of female human F1g 8. SEM M1crographs of female human
hair of 45 years of Magnification 10KX hair of age 55 years of Magnification 10KX

Zpm EHT = 10.00 KV Signel A = SEZ Date 21 Apr 2017 pe—
= WD = 6.2 mm Mag= 500KX Tme 17:41:38

Fig.9. SEM Micrograph of female human Hair of age 75 years of Magnification 10KX
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Fig.10. SEM Micrograph of male human hair Fig.11. SEM Mlcrograph of male human hair
of age 5 years of Magnification 10KX of age 25 years of Magnification 10KX
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Fig.12. SEM Micrograph of male human hair Fig.13. SEM Micrograph of male human hair
of age 30 years of Magnification 10KX of age 50 years of Magnification 10KX
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Fig.14. SEM Micrograph of male human hair Fig.15. SEM Micrograph of male human hair
of age 60 years of Magnification 10KX of age 6 months of Magnification 10KX

The results are based on the morphology and cuticular scale pattern of the hair obtained using most advanced
investigation method. Diameter tends to peak at about age 45 years irrespective of sex. It can be noted that there
appears no deposition of inorganic material in the organic matrix of human hair fiber. That is the reason human hair is
highly elastic in nature. The significant changes in diameter of human hair, irrespective of sex , can be attributed to the
variations in molecular composition mainly lipids and proteins, however carbohydrate content does not vary
considerably as reviled by IR study on hair [16].
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Abstract: The paper presents a comparative study on auto catalytic ion efflux of carbohydrate rich
Sorgumcontroversum(White Jawar) and lipid rich Helianthus annuus(Sunflower) seeds, placed in the imbibition
medium water and also 0.9% NaCl solution in order to assess the effect of salinity on ion efflux of seeds. The
autocatalytic ion efflux constant is calculated measuring electrical conductivity of imbibition medium, when the
seeds are under the process of imbibition. It is noticed that the value of ion efflux constant is more for fat rich
seeds than that of carbohydrate rich seeds. It is interesting to note that ion efflux constant of seeds increases,
when seeds are subjected to 0.9% NaCl solution instead of water for imbibition irrespective of type of seed.

Key Words: Autocatalytic lon Efflux Constant; Electrical Conductivity; White Jawar; sunflower seeds.

1. INTRODUCTION:

Seeds normally take up only water and oxygen during germination. However during the initial stages of
germination many substances are lost from the seed accompanied by a net loss of dry weight which is due to the
oxidation of substances on one hand and a leakage out of the seed on the other hand. The aqueous medium namely
water, in which seeds are placed during germination is generally referred to variously as the bathing medium, Studies
on seed germination are usually confined to the changes in mass or volume of the seed as a function of time during the
process of imbibition to evaluate the time of germination. In view of this the study of seeds germination is considered
a useful biophysical phenomenon to understand. The seed kinetics may be assessed from knowledge of electrical
behavior of imbibition medium, Hence, the present study is an attempt to assess a comparative study on auto catalytic
ion efflux constant of carbohydrate rich Sorgumcontroversum(White Jawar) and lipid rich Helianthus
annuus(Sunflower) seeds when they placed in distilled water and 0.9% NaCl solution as imbibition medium
irrespective type of seed.

2. LITERATURE REVIEW:

Obendorf and Hobbs [1] studied the temperature sensitivity during imbibition of soyabean.
Keller and Bleak [2] studied the factors influencing imbibition by seeds of the crested Wheat —grass complex.
Shaykewich and Williams [3] have studied the resistance to water absorption in germination rape seed. The concept of
hydraulic conductivity for a seed was introduced by them and the dynamic of the imbibition phase has been examined.
Fensom [4] has studied the bioelectric potential of plants and has detected change in the electrical properties of the
surface of the tissue. ShanmugaSundaram et al [5] reported that the ion efflux from whole seedling increases the
specific conductance of the bathing medium. The increase in electrical conductivity in leachates of imbibing seeds is
due to the increased leakage of these electrolytes.

Kotowski and Brauner [6] has studied influx of water and the seed coat permeability by method of electrical
conductivity. Gopala Krishna et al [7] showed that water uptake by seeds resulted in an efflux of ion into the
imbibition medium, causing an increase in the specific conductance of water from its initial value.
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Mujeeb et al [8] calculated auto catalytic ion efflux constant of Barley, Mung bean and Jawar, as a function of time.
Hakeem et al [9] calculate the autocatalytic ion efflux constant of Mung bean seeds placed in imbibition medium
water and NaCl solution of different concentration.

3. MATERIALS AND METHODS

Sorgumcontroversum(White Jawar) and Helianthus annuus(Sunflower) seeds were cleaned with wet cloth and
dried at room temperature then allowed to imbibe in water. Then specific conductance of imbibition medium (water)
was measured for a period of time 3 hours with an interval of 0.25 hour. From the data on specific conductance of
imbibition medium as a function of time, autocatalytic ion efflux constant can be calculated using that differential

equation,

do

i kiot (007 )
Where, o; is the specific conductance at any time t, and 04is the specific conductance at infinite time. 10 gmof
Sorgumcontroversum(White Jawar) and Helianthus annuus(Sunflower) seeds were taken. They were cleaned with
wet muslin cloth and dried at room temperature and were allowed to imbibe in 40 ml of distilled water and 0.9% NaCl
solution. The specific conductance of imbibition medium was determined with the help of electrical conductivity
meter (ELICO — CM 180), at an interval of 0.25 hour of imbibition. The increase in the specific conductance at every
15 min was determined as a percentage of the conductance of taken 0.9% NaCl solution at time at t = 0.

3. RESULTS AND DISCUSSION

Table-1, Auto Catalytic ion efflux constant of two seeds in water and 0.9% NaCl

1 Sorgumcontroversum White Jawar 0.879 1.775
Helianthus annuus Sunflower 1.145 1.886

d . .
The rate of water uptake (d—V:) was assumed to be controlled by osmosis and at the rate of ion efflux (from the seed

system to the imbibition medium could be a differential equation. A plot of log ( %

) against time‘t’ should be a

O — ot

straight line from the slope of which the value of Kj the auto catalytic ion efflux constant is calculated.

1.8 -
1.6 -
1.4 -
1.2 -

0.8 -
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=
1

0.9 NaCl solution

Distilled

Fig.1, A Comparison on auto catalytic ion efflux constant of seed in Distilled water and 0.9% NaCl Solution

Autocatalytic Ion efflux Constant of selected seeds, determined by ion efflux method, considerably high in
0.9% NaCl solution compared to distilled water as shown in Fig.1, It is noticed that the value of ion efflux constant is
more for fat rich seeds than that of carbohydrate rich seeds. It is interesting to note that ion efflux constant of seeds
increases, when seeds are subjected to 0.9% NacCl solution instead of water for imbibition irrespective of type of seed.
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Abstract:The paper presents a comparative study on FTIR spectroscopy of carbohydrate rich seeds. The seeds
selected for the study are: Hordeumvulgare (Barley), Sorghum controversum (white jawar), Triticumaestivum
(Common wheat), Vigna radiate (Mung bean). The seeds are cleaned and powdered to fine grade. The FTIR
spectra are recorded at the wavelength in the range of 400 cm-1 to 4000 cm-1. It is interesting to note that the
principal bands at about 1020 cm-1, 1649 cm-1and 2926 cm-1, common in all seeds with different intensities,
are related to Carbohydrates, proteins and fats respectively. The seeds of the present study show relatively high
absorbance for the band at 1020 cm-1, compared to other two bands pertaining to protein and fat, revealing the
fact that the seeds are carbohydrate rich.

The presents study concludes that absorbance of bands observed can be used with ease for identification and
estimation of macro molecular composition.

Key Words:Seeds; Carbohydrates; Proteins; Lipids; FTIR spectroscopy
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1. INTRODUCTION:

Seeds are the important part of human life, without which one can simply not exist. The food supply to
mankind totally depends on seeds and seed stock, many other natural resources that we use as human beings, such as
cotton, paper, timber, and edible oils, all begin their live as seeds. Seeds are part of the ever evolving constant of
nature that is maintained by complex series of inter-relationships between her different component parts, of which
seeds play a central role.

Seeds are basically very small embryonic plants that are enclosed and sealed by a covering that is referred to
as the seed coat. A typical seed includes three basic components, an embryo, a supply of nutrients from the embryo
and the seed coat Seeds come in all sizes and shapes and need particular conditions for their development into plants,
in terms of the size of seeds, they vary from the size of a pinhead to a coconut, plants can contain a few seeds or
thousands of seeds.

As is known, infrared spectroscopy is a potential tool to provide valuable information in the study of
biomaterials with respect to structure of macromolecular components and their conformations within the tissue. It can
also supplement other physical and chemical methods of analysis for the qualitative and quantitative determinations of
different components present in the biomaterials.

In specific cases infrared spectroscopy is helpful for the identification of inorganic and organic constituents of
biomaterials. In general, spectral analysis of tissues of biological system depends upon the material present and the
analyte being sought. The tissue itself is dominated by the spectrum of the macromolecular components, which are
present in the large quantity. If living tissue is being examined, it is dominated by the water spectrum.

For the spectroscopic analysis, the biological material may be classified into four types:
e Organic tissues like muscle (skeletal, cardiac and visceral), brain liver, kidney, spleen, tongue, etc.
e Mineralised tissues such as teeth, bone, integuments, nail, hair, calculi, gallstones, etc.
e Body fluids, such as cerebral fluid, spinal fluid, pleural fluid, saliva, blood, urine, bile juice, etc.
e Biological macro molecules, such as nucleic acids, carbohydrates, amino acids, proteins, lipids, fatty acids,
waxes, oils, etc.
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It is well known that the visible region of electromagnetic radiation extends from 390 to 700 nm. The infrared
radiation extends from the end of the visible region at 700 nm to the microwave region with wave length of 1mm. In

general IR spectrum is divided in to three regions.
The region between visible and mid infrared (700 nm — 1400 nm) is called Near Infra red. This region of IR is

being used for many applications, especially quantitative analysis. The region used by the material scientists is the mid
infra red region extending from 1400 nm to 3000 nm. The region beyond 3000nm to 1 mm is called the Far Infra red

region. This region is concerned with low frequency vibrations and molecular rotations.

2. LITERATURE REVIEW:
Heinz Fabian and Werner Mantele(2002) described IR instrumental techniques for steady state absorbance

and reaction — induced difference spectra and reported sampling procedures available to obtain IR spectra of proteins,

peptides, amino acids and more complex enzymes [1].
Andreas Barth (2007) reviewed and discussed the application of infrared spectroscopy to the study of proteins.

He focused on the mid-infrared spectral region in the study of protein reactions by reaction-induced infrared
difference spectroscopy [2].

Andreas Barth (2007) studied on the protein reactions by focusing on the mid-infrared spectral region [3].

VijayaUshasree and Adeel Ahmad (2017) has made an IR analysis on 90% packed erythrocytes by using IR
spectroscopic data on human blood groups A, AB, AB and O [4].

VijayaUshasree and Adeel Ahmad (2017) reported IR spectroscopic data on blood of patients suffering from
Diabetes mellitus. IR analysis was made on whole blood, plasma and serum. The characteristic spectral bands

pertaining to glucose in the medium of blood were identified. [5].
Search of literature reveals that FTIR studies have not been done on seeds. Hence, an attempt has been made

to study carbohydrate rich seeds using the technique of IR spectroscopy

3. MATERIALS AND METHODS
The seeds selected for the study are: Hordeumvulgare (Barley), Sorghum controversum (white jawar),

Triticumaestivum (Common wheat), Vigna radiate (Mung bean). The seeds are cleaned and powdered to fine
grade.FTIR spectra were recorded in FTIR spectrophotometer (Shimadzu FTIR - 84008S) in the range of 4000 cm™ to

400 cm™.
For the study, a small quantity of seed powder was mixed with potassium bromide (KBr) in the ratio of 1:4

and pressed in a stainless steel die to produce thin KBr wafer, containing a relatively high concentration of seed

sample in IR transparent KBr matrix.

4. RESULTS AND DISCUSSION
Fig. 3. Presents FTIR spectra of the seeds Hordeumvulgare(Barley), Sorghum controversum (White Jawar),

Triticumaestivum (wheat) and Vigna radiate (Mung bean). Spectra reveal a series of bands along with % transmittance
related to the functional groups of lipids, proteins, carbohydrates and also inorganic material presents in the seed

powder.
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Fig. 1.1. FTIR spectrum of Hordeumvulgare (Barley) seeds
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Table 1 gives FTIR data obtained from IR spectra of the seed powder under investigation. Transmittance (%)
for specific bands at 1020 cm™, 1649 cm'and 2926 cm™' is presented in the table.

Transmittance (%) of bands at

Scientific Name Common Name :
1020 1649
(cm’l) (cm’l)
Hordeumvulgare Barley 26.05 37.83 33.82
Sorghum controversum White Jawar 42.08 44.07 39.71
Triticumaestivum Common wheat 37.88 40.61 37.94
Vigna radiate Mung bean 34.08 32.55 35.13

It is interesting to note that the principal bands at about 1020 cm™, 1649 cmand 2926 cm™, common in all
seeds with different intensities, are related to Carbohydrates, proteins and fats respectively. The seeds of the present
study show relatively high absorbance for the band at 1020 cm™, compared to other two bands pertaining to protein
and fat, revealing the fact that the seeds are carbohydrate rich.
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Abstract: To study physical, and optical properties of glass samples of the Quaternary system (60-x)
B,0;—10Te0,-(30-x) Li;O-x ZnO with x=0,5,10,15, and 20 mole percentage were prepared by conventional
melt quenching technique. XRD confirmed the amorphous nature of all samples. Physical parameters like
density, molar volume, Oxygen packing density and etc. calculated. Density of glass samples non-linearly
increased with the increase of ZnO concentration due to the replacement of lighter Li,O with heavy metal
oxide ZnO. Optical properties has studied with the help of UV-Visible absorption spectra .Cut off wavelength
is increases non linearly whereas E ,,, and Urbache energies is also changes with addition of ZnO into glass
network.

Keywords: Density, Optical band gap energy, Refractive index, Cutoff Wave length.
. W,

1. INTRODUCTION:

TeO, based glasses possess excellent optical properties, as they exhibit good light transmission in the visible
and infrared regions along with low phonon energies. For this reason tellurite glasses are important and widely using
for many photonic device applications [1-3]. Optically transparent TeO, based glasses showing second harmonic
generation have been discovered [4, 5].Synthesis, physical, optical and structural properties of heavy metal oxide
glasses like ZnO are very interesting due to their high density, high refractive index and high IR transparency [6,
7].B,0; is a familiar glass former. Boro Tellurite glasses holds good physical and optical properties with the addition
of glass modifiers like Li,O and ZnO produces low rates of crystallization and increase glass forming ability [8].Main
objective of the present glass system is to study the effect of conditional glass former ZnO on physical and optical
properties of Boro Tellurite lithium glasses with various amounts of Zinc Oxide.

2. EXPERIMENTAL:
2.1.0020Preparation of glasses

Glass system of 60B,05-10TeO,-(30-x)Li,0-xZnO with x =0, 5,10,15, and20was prepared using conventional
melt-quenching technique. Each component oxide of AR grade used in the experiment was weighed using electronic
balance with an uncertainty of +0.0001g and was mixed using mortar and pestle. The mixtures were transferred to
furnace at 950°C for 30minutes.It was stirred to get homogeneity. The melted molten was poured onto a preheated
metal plate. Transparent glasses were formed and it was annealed at 150°C to remove thermal strains.

Table.1.Detailed composition

Composition in mole percentage
Sample code B,0; % Te0,% Li,O % Zn0O %
BTL1 60 10 30 0
BTLZ2 60 10 25 5
BTLZ 3 60 10 20 10
BTLZ 4 60 10 15 15
BTLZ 5 60 10 10 20

2.2. Characterization techniques

2.2.1. Density related physical parameters

The density (p) of the glasses was measured using electronic densimeter based on Archimedes’ principle at
room temperature xylene as immersion liquid. Therefore, we calculate density (p) , molar volume(V,,) , Oxygen
packing density(OPD)values were calculated from the relation for all glasses as follows:
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Density (p) = -] + 0.86
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_ IXiMi
p

Molar volume Vm

2.2.2. X-ray diffraction

ey

weight in air, b - weight in xylene

Mi —Molecular weight
Oxygen packing density (OPD) = 1000 * %
Where C-number of oxygen ions present in the formula.

(@)

3)

To determine the nature of the prepared glass samples X-ray diffraction technique have been carried out using
X-ray diffractometer with k, radiation (1.54A°) at room temperature .The patterns (Philips PW 1140) were recorded

Bragg angle in the range of 10°-80° with counting rate 0.2/sec.

2.2.3. UV-Absorption Spectra

The Optical absorption spectra of the glass samples were recorded at room temperature in the wavelength
region 200-1000 nm by using Shimadzu 8400S UV-Visible spectrophotometer in order to study optical properties i,e
cutoff wavelength, optical band gap energy, Urbach energies(E) and evaluated refractive index,molar refraction and

electronic polarizabilities.
3. RESULTS AND DISCUSSION:

3.1. XRD

The XRD patterns of all the glass samples are found that there is no sharp peak in the patterns therefore it is
confirmed the glasses are amorphous in nature as shown in figure.1. Approximately at 24 degrees it is found a Bragg’s

hump.

3.2. Density and Molar volume

Density of the prepared glass samples was found nonlinear increase from 3.06-3.44 gr/cc with addition of
ZnO into glass system. ZnO is a heavy metal oxide when it is entering to glass system the host and major dominating
B,0; and TeO, bonds will be broken therefore density is non-linearly increasing whereas molar volume is also

behaves the same as shown in figure.2

o
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Fig.1. XRD patterns

Density dependent physical properties was calculated and shown in Table.2.
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Fig.2. Density and V,, with ZnO.
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Table.2. Physical properties of glass system

Sample Density Molecular Molar OPD Molar Polarizability
(gr/cc) weight(M) Volume(Vm) (g atm/1) refraction o 24
gr/mole cc/mole (Rm) e0 )
BTL 1 3.32 112.32 33.77 69.15 18.86 7.40
BTLZ 2 3.08 113.32 36.96 74.48 22.14 8.70
BTLZ 3 3.14 113.07 35.94 73.24 20.47 8.10
BTLZ 4 3.07 113.44 36.84 74.69 20.95 8.30
BTLZ 5 3.44 113.82 33.04 66.78 18.77 7.44

3.3. Optical properties

The optical absorption spectra of the glass system with different mole fractions of ZnO do not show any sharp
absorption edges, which is the characteristic nature of the glassy state. It is also observed that the fundamental
absorption edge shifts to higher wavelengths then shifted to lower wavelengths as the concentration of ZnO increases
Optical band gap energy is decreased then suddenly increased as shown in figure.3 and the values shown in Table.3.

The optical band gap of the amorphous materials closely relative to the energy gap between valence band and
conduction band [9]. The glass forming anions influences the conduction band whereas cations play an indirect but
significant role [10]. The optical band gap energies (Eg) of the glasses were obtained from UV-absorption edge by
plotting (ahv)" as a function of photon energy hv using Davis and Mott relation. The direct and indirect band gap
energies calculated by extrapolating the linear region of the graph towards X-axis to meet at (ahv)’= 0. It was
observed that the value of optical band gap energies non linearly decreases with increase of ZnO concentration and
results in the increase of bonding defects and non-bridging oxygen [11]. BTL sample exhibits lowest cut off
wavelength and highest band gap energies as shown in figure.4,5.

= BTLI
=—BTLZ2
20 = BTLZ3
== BTLZA4
=——=BTLZS
0] 2 15
g 2
3
Fg v10
28
<
5
-00 3.25 3.50 3.75 4.00 425 4.50
Wave length (nm) ho(eV)
Fig.3.0Optical Absorption spectra of glasses Fig.4. Tauc plots for indirect bandgap
Table.3.Optical properties of glass system
Sample Cut off Indirect band | Direct band Urbache Refractive
wavelength(nm) gap in eV gap in eV energy(E) index(n)
BTL 1 303.4 3.80 3.99 0.45 2.19
BTLZ 2 334.5 3.09 3.65 0.56 2.36
BTLZ 3 322.6 3.68 3.90 0.49 2.23
BTLZ 4 316.6 3.70 3.92 0.53 2.22
BTLZ 5 308.9 3.72 3.94 0.59 2.22

Along the absorption coefficient curve and near the optical band edge there is an exponential part called
Urbache tail. This exponential tail appears in the low crystalline, poor crystalline, the disordered and amorphous
materials because these materials have localized states which extended in the band gap. Urbache plots drawn between
hv and log(a) as shown in Figure.5.Urbach energy of the prepared glass samples is found to change non linearly with
addition of ZnO as shown in figure.5
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4. CONCLUSIONS:

All the glass samples were prepared by melt quenching technique. Density of glasses non linearly increased

with addition of ZnO. Direct and indirect band gap energies were found to decrease non linearly whereas Urbache
energy is increased non linearly. Refractive index of the samples was increased non linearly.
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Abstract: Nanocrystalline ferrites (MFe,04) are current focus of researchers because of their usage in
numerous applications like recording media, ferro fluids, magneto optics, spintronics, microwave devices, etc.
Apart from the electronic and magnetic applications, ferrites are also used as a gas, humidity sensor material
and as an anode material for lithium-ion battery. NiFe,O, nanofibers were prepared by using electrospinning
technique. X-ray diffraction, and Fourier transform infrared spectrum (FT-IR) spectroscopy results confirm the
formation of cubic spinel structured NiFe,O, nanofibers. Atomic force microscopy (AFM) results confirm the
formation of NiFe,O,nanofibers and the roughness parameters. The impedance measurements were carried out
at different temperatures and frequencies, were analyzed to obtain the electrical conductivity of spinel NiFe;Oy
nanofibers at 300 K is found to be 6.39 x 10°S cm™.

Key Words: NiFe,0, nanofibers; Electrospinning; XRD; FT-IR, AFM; Impedance studies;
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1. INTRODUCTION:

Nanocrystalline ferrites (MFe,O,) are current focus of researchers because of their usage in numerous
applications like recording media, ferrofluids, magneto optics, spintronic, and microwave devices, etc. [1-3]. Apart
from the electronic and magnetic applications, ferrites are also used as a gas, humidity sensor material and as an anode
material for lithium ion battery [4, 5]. Superior magnetic, dielectric and mechanical properties of nanocrystalline
materials, compared to their respective conventional bulk, are due to the occupancy of majority of atoms at the grain
boundaries. Different chemical routes are currently used for the synthesis of nanoparticles including co-precipitation,
combustion, polyol, sol—gel, spray pyrolysis, micro emulsion and hydrothermal routes [6-10]. Among the various
available methods, for the synthesis of NiFe,O,, electrospinning method is found to be simple, cost-effective, and also
large-scale production is possible for producing one-dimensional nanostructures of organic, inorganic, and composite
nanofibers. In our present study, nanocrystalline NiFe,O, nanofibers are prepared using electrospinning process. The
structure, crystalline phase, morphology, roughness and electrical conductivity of the prepared one-dimensional
NiFe,O, nanofibers, were respectively by using the X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), atomic force microscopy (AFM), and impedance spectroscopy techniques.

2. METHOD:

NiFe,O, nanofibers was prepared using Poly (vinyl alcohol), citric acid, urea assisted sol-gel route followed
by electrospinning method. Analar grade precursor chemicals of Poly (vinyl alcohol) (PVA, Mw = 80,000), nickel
nitrate hexahydrate, ferric nitrate monohydrate, citric acid and urea were used for the synthesis of nanocrystalline
NiFe,O, nanofiber. Firstly, the PVA solution was prepared by dissolving 3 g of PVA in 40 mL of deionized water at
50 °C under constant stirring. Simultaneously, in another beaker the required quantity of metal nitrate solutions was
taken and sonicated for 10 minutes. The mixture of solution was continuously stirred at 353 K for an hour. The
required amount of citric acid and urea solutions were added to the above solution on continuous stirring. The solution
was evaporated at 353 K for 8 hours under constant stirring, which results the polymeric resin. The resins were further
dried in an oven at 333 K for 24 hours to remove the excess water and the drying process caused the formation of
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dried foamy polymeric intermediate. Nanocrystalline NiFe,O, powders were obtained by calcining the polymeric
intermediates at 448 K and above. The complete process was investigated through XRD, FTIR, AFM and Impedance
spectroscopy techniques.

2.1 CHARACTERIZATION TECHNIQUES:

The powder X-ray diffraction patterns were recorded on a PANalytical XPert-Pro X-ray diffractometer with
Cu K,, radiation of wavelength A=1.5418 A° and scanned from 80-10°. FTIR spectra were recorded on pellet samples
using Shimadzu FTIR/8300/8700 spectrophotometer in the range of 4000 — 400 cm™' with 2 cm ™' resolution for 20
scans. Thin transparent pellet samples were prepared using the dried gel sample, heated from room temperature to
higher temperatures (623 K), and grounded well with spectra pure KBr powder taken in 1:20 ratio. Three-dimensional
(3D) AFM micrographs of the NiFe,O, nanofibers, the sample of Sum x Sum scan size, were recorded by using the
NanoScope-V Multimode™ SPM, Veeco Instruments, USA. The AFM was operated in tapping mode (non-contact) to
prevent damage to the surface of nanofibers, and also, to provide optimal image and quality data. From the 3-D AFM
images of the NiFe,O, nanofibers, diameter size and surface roughness parameters like root mean square (RMS)
roughness (R,), arithmetic average surface roughness (R,), and maximum height (R.,,) asymmetric values were
determined by using NanoScope analysis software. The prepared NiFe,O, nanofibers sample was pressed into a pellet
of 10 mm diameter and 1.24 mm thickness using a KBr hydraulic press. Silver paste was applied on both sides of the
NiFe,O,4 nanofibers pellet as electrodes and heated at 200 °C for half an hour to ensure maximum contact and good
adherence. The prepared pellet was placed between two platinum meshes and measured the impedance data at room
temperature (25 °C) and frequencies (10 MHz to 100 Hz) using an Alpha A high- performance frequency analyzer,
Novo-control, Germany. The measured impedance data were analyzed using ‘Win-fit' software to obtain the resistance
for calculating the conductivity and activation energy of the prepared NiFe,O, nanofibers sample.

3. RESULTS AND DISCUSSION

3.1. XRD analysis
- 400 °C
=
«
S’
£
& NiFe,0, JCPDS # 74-2081
2
=
h —_—
= =) Ba s a = =8 a
v l L) l L) I L] l L) ' L) l L)
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20 (Degree)

FIGURE 1. X-ray diffraction patterns of the NiFe,O,4 nanofibers

Figure. 1, shows the X-ray powder diffraction patterns of NiFe,O, nanofibers sample prepared by electrospinning
method. The formation of NiFe,O, crystalline phase was confirmed by comparing the diffraction patterns with the
JCPDC # 74-2081 data. The crystallite size of the NiFe,O, nanofibers sample was calculated by using Scherer’s
formula and it is found to be 20 nm.

3.2. FTIR analysis

Figure. 2 shows the Fourier transform infrared spectra of NiFe,O4 nanofibers. The observed vibrational bands
at 600 and 430 cm’, which corresponds to the formation of tetrahedral and octahedral structured spinel NiFe,O,
nanofibers and also confirms the removal of organic residuals [9-10]. NiFe,O, nanofibers sample with high purity was
observed. The organic impurity free NiFe,O, nanofibers sample is taken for further studies.

Available online on - WWW.IJRCS.ORG Page 36



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY ISSN: 2456-6683 Special Issue -8, Feb-2018
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal Impact Factor: 3.449 Publication Date: 25/02/2018

623 K
-*\-/' —

4000 3000 2000 1000

Wavenumber (cm")

Figure. 2 shows the Fourier transform infrared spectra of NiFe,O, nanofibers

3.3 AFM

Figure. 3 (a) & (b), shows the 3D AFM micrographs of PVA/Ni(NOs;),.6H,0/Fe(NO3),.H,O composite fibers and
NiFe,0, nanofibers (calcined at 400 °C).

From figure. 3 (a) and (b), it is observed that the fiber diameters are found to be 250-650 nm and 150-350 nm,
respectively, for the as-spun and calcined at 400 °C PVA/Ni(NOs),.6H,0/Fe(NO;), .H,O composite fibers. The root
means square (RMS) roughness (R,), arithmetic average surface roughness (R,) and maximum height (Ry..) values
were evaluated using NanoScope analysis software. It is also found that the calcined fibers show the smallest surface
roughness (i.e. R,=10 nm, R;=15 nm, and R,,x=73.2 nm) compared to PVA/Ni(NOs),.6H,0/Fe(NOs),.H,O composite
fibers (i.e. R, = 25.6 nm, Ry = 32.3 nm, and R,,x = 150 nm).

3.4. IMPEDANCE analysis

Figure. 4 (a) shows the Nyquist [imaginary (-Z") vs. real (Z')] plots obtained at room temperature for the
NiFe,O, nanofibers pellet sample. From fig. 4 (a), it is observed that the Nyquist plots of NiFe,O4 nanofibers show the
two semicircles for room temperature in the measured frequency range. The measured impedance data of NiFe,O,
nanofibers was analyzed by using the winfit software and obtained resistance (R) and electrical behavior, in terms of
equivalent circuit, shown in the inset of fig. 4 (a). The formation of two semicircles corresponds to the parallel
combination of two constant phase element (CPE) and two resistances of the NiFe,O, nanofibers. The obtained total
resistance from the impedance plot is used to calculate the electrical conductivity (o) of the NiFe,O, nanofibers
sample, by using the following equation [11-20].

(D

|-
e K

o=

Where t is the thickness of the NiFe,O4 nanofibers sample and A is the area of the sample. The observed electrical
conductivity of the NiFe,O, nanofibers samples is found to be 6.39 x 10°S cm™ at 25 °C.
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Figure 4 (a) shows the Nyquist [imaginary (-Z") vs. real (Z')] plots obtained at room temperature for the NiFe,O,
nanofibers pellet sample; (b) shows the log (cT) vs. 1000/T plot of the prepared NiFe,O, nanofibers sample.

3.4.1. Temperature dependence conductivity

The obtained electrical conductivity of the NiFe,O4 nanofibers sample at different temperatures is fitted to the
following Arrhenius equation using the least square fit [11-20].

-E,
oT = o, exp (ﬁ) 2)

Where ¢ is the conductivity, T is the absolute temperature, 6, is the temperature independent conductivity, K
is the Boltzmann constant and E, is the activation energy. Fig. 4 (b), shows the log (cT) vs. 1000/T plot of the
prepared NiFe,O, nanofibers sample. In fig. 4 (b) all the symbols are measured data and the straight line is the fitted
data. The activation energy (E,) is calculated from the slope of the log (cT) vs. 1000/T plot in the temperature range
25 °C to 150 °C. The calculated activation energy (E,) for the migration of the charge carriers in the NiFe,O4
nanofibers sample is found to be 0.33 eV.

4. CONCLUSION:

One-dimensional NiFe,O, nanofibers, with diameter ranges from 150 to 350 nm, were synthesized by simple
electrospinning technique. The phase and structure respectively confirm the formation of NiFe,O, nanofibers. XRD,
FTIR results confirm the formation of the pure crystalline phase of spinel structure nanosize one-dimensional NiFe,O,
nanofibers. The morphology, roughness features of the newly developed one-dimensional NiFe,O, nanofibers were
confirmed from the AFM results. The observed total electrical conductivity of NiFe,O, nanofibers sample is found to
be 6.39 x 10°S cm™ at 298 K and the calculated activation energy is 0.33 eV. The observed high conductivity and low
activation energy of the developed NiFe,O, nanofibers may be due to the one-dimensional (1-D) nanostructured
properties, which may help to enhance the mobility of the charge carriers in the compound. Hence, the developed high
porous structured 1D NiFe,O, nanofibers may be useful for various applications. The developed electrospinning
process can be used to scale up to produce a large quantity of 1D NiFe,O, nanofibers and it can also be used to
develop many other types of nanofibers materials for various applications.
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Abstract:  Nanocrystalline ZrO, nanoparticles have been synthesized by polyol method using zirconium

oxychloride as the metal ion source. The complete process for the synthesis of nanocrystalline ZrO, was

monitored by TG/DTA, XRD, TEM, and Impedance. Thermal behavior of the intermediate powder was

investigated using TG/DTA analysis. The phase of the intermediate, as well as synthesized ZrO, powder, was

investigated by XRD. The microstructure of the synthesized nanocrystalline ZrO, powder was identified using

transmission electron microscopy. The impedance measurements were carried out at different temperatures and

jé‘requezzcies, were analyzed to obtain the electrical conductivity of ZrO, powder at 300 K is found to be 3.46 x 10°
Scem”.

Key Words: Nanocrystalline ZrO, Powder; Polyol synthesis;, TG/DTA, XRD; TEM; Impedance.
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1. INTRODUCTION:

Zirconium oxide has wide range of applications, including high temperature ceramics, catalysis, restorative
dentistry, etc., due to its properties [1-3]. Recently, it was observed that nanostructured ZrO, powder exhibits
enhanced performance in many applications. Wide range of wet chemical routes such as sol-gel, combustion,
hydrothermal, co-precipitation, and polyol method, etc., have been investigated for the synthesis of nanocrystalline
metal oxides, including ZrO, powders [1-5]. Among them, ethylene glycol mediated polyol synthesis have been used
for the preparation of nanostructured metal and metal oxides because of its high boiling point (~197 °C) as well as
strong reducing power. In this process, ethylene glycol acts as a solvent for the precursor chemicals due to its high
relative permittivity and lead to hydrolysis reactions under atmospheric pressure. Thus, the polyol route involves
hydrolysis and inorganic polymerization carried out on the salts dissolved in a polyol medium. In the present work,
polyol route was used for the synthesis of nanocrystalline ZrO, powder was investigated by TG/DTA, XRD, TEM,
and impedance techniques.

2. METHOD:

The Stoichiometric amount of zirconium oxychloride (AR Grade, S.D-Fine Chemicals Pvt. Ltd., India) was
added to ethylene glycol (S.Q Grade, Qualigens, India) under stirring condition by keeping the total metal ions to
ethylene glycol ratio of 1:40. The resulting clear solution was heated at 175 °C for 100 minutes in an Erlenmeyer
flask. During heating, the clear solution turned into a white color, turbid suspension, which may indicate the formation
of zirconia polymeric intermediates. After cooling to room temperature, colloidal stable suspensions were obtained.
The suspended particles were separated from ethylene glycol by centrifugation at 2500 revolutions per minute for 5
minutes. Repeated washing was performed on the obtained particles using distilled water and dried in an oven at 80 °C
for 10 h. The dried polymeric intermediate particles were further calcined at 600 °C for 5 hours to obtain
nanocrystalline ZrO, powder.

2.1 CHARACTERIZATION TECHNIQUES:

Thermal behavior of the polymeric intermediates was investigated by simultaneous TG/DTA measurement
(Lybsys thermal analyzer, Setaram, France). Approximately, 3 milli grams of polymeric intermediate was heated at a
rate of 10 °C/min between 30 and 600 °C. All thermal studies were performed in flowing oxygen. The powder X-ray
diffraction patterns were recorded on a PANalytical XPert-PRO X-ray diffractometer with Cu K, radiation of
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wavelength A=1.5418 A° and scanned from 80-10°. Microstructure of the polymeric intermediate was identified using
transmission electron microscope (TEM), Jeol, Japan. The prepared ZrO, powder sample was pressed into a pellet of
10 mm diameter and 1.45 mm thickness using a KBr hydraulic press. Silver paste was applied on both sides of the
ZrO, powder pellet sample as electrodes and heated at 200 °C for half an hour to ensure maximum contact and good
adherence. The prepared pellet was placed between two platinum meshes and measured the impedance data at room
temperature (25 °C) and frequencies (10 MHz to 100 Hz) using an Alpha A high- performance frequency analyzer,
Novo-control, Germany. The measured impedance data were analyzed using ‘Win-fit' software to obtain the resistance
for calculating the conductivity and activation energy of the prepared ZrO, powder sample.

3. RESULTS AND DISCUSSION
3.1. TG/DTA analysis

TG/DTA thermogram of the intermediate particles obtained from the ethylene glycol mediated polyol process
is shown in Figure 1. From figure 1, the observed broad endothermic peak in DTA curve between 50 and 150 °C with
~3 % weight loss is due to the removal of absorbed water. Further heating of the intermediate particles caused the
broad exothermic peak between 200 and 350 °C, which is attributed to the decomposition of organic derivatives
(glycolates) and the respective ~ 2 % weight loss observed in the TGA curve. The exothermic peak at approximately
455 °C corresponds to crystallization of the ZrO, phase. There is no significant weight loss observed beyond 500 °C,
which indicates the complete decomposition of organic derivatives and also the formation of ZrO, phase, further it was
confirmed by XRD analysis.
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FIGURE 1. TG/ DTA Thermogram of the collected suspension (ZrO, intermediate)

3.2. XRD analysis
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FIGURE 2. X-ray diffraction patterns of the as-prepared as well as calcined suspensions at 300 °C and 600 °C for 5 h.

Figure 2. shows the X-ray diffraction patterns of the as-prepared as well as calcined polymeric intermediate at
300 °C and 600 °C. The peaks of the as-prepared, as well as calcined polymeric intermediate at 300 °C indicate the
formation of a tetragonal ZrO, phase only. However, the calcination of polymeric intermediates at 600 °C yields a
mixture of both metastable tetragonal ZrO, and monoclinic ZrO, phases. The XRD patterns indicate that both
crystalline phases were independently formed during the calcination since the small intense peak at ~32° related to the
monoclinic ZrO, phase is observed in the XRD pattern of the polymeric intermediate calcined at 300 °C. The
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diffraction patterns also showed that the increasing calcining temperature leads to the increment of ZrO; crystallinity.
XRD analysis confirmed the formation of organic-free ZrO, powder with t-ZrO, and m-ZrO, phases at 600 °C for 5
hours. The volume fraction and their respective crystallite sizes were calculated by using XRD data. The obtained
volume fraction for the tetragonal phase and crystallite size are respectively found to be 44 % and 20 nm. Also, the

calculated volume fraction for the monoclinic phase and crystalline size it is found to be 48 % and 22 nm respectively
[4-6].

3.3. TEM analysis

Transmission electron micrographs of the ZrO, powder synthesized by ethylene glycol mediated polyol
method at 600 °C for 5 hours with 100 nm magnifications is shown in figure 3. The micrograph shows that the
agglomeration of ZrO, particles of the size of 24 nm, which is comparable with the crystallite size calculated using X-
ray diffraction data [4-5].

FIGURE 3. TEM micrograph of the nanocrystalline ZrO, powder synthesized at 600 °C
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FIGURE 4. Room temperature impedance curve of ZrO,

Figure 4. shows the complex impedance plots of ZrO, sample. The electrical behavior of the sample has been
studied in the frequency range of 10 MHz to 1 MHz. Figure .4 shows the Cole —Cole plot of the ZrO, sample. The
intercept of depressed semicircle with the real axis gives the bulk resistance (R;). The impedance curve was fitted by
using Win fit software and calculated bulk resistance [4-12]. The conductivity of the ZrO, sample was calculated by

using following equation

t
o= —

Where o is the electrical conductivity of the sample, t is the thickness of the pellet, A is area of the pellet
sample and R is the bulk resistance of the sample. The conductivity of the ZrO, sample at room temperature was
found to be 3.46 x 10° S/cm.
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4. CONCLUSION:

The nanocrystalline ZrO, powder was successfully synthesized by employing ethylene glycol mediated polyol
process. From TG/DTA and XRD results, it is found that the organic free nanocrystalline ZrO, particles are formed at
600 °C with two different phases of tetragonal and monoclinic. Their volume fraction was calculated using X-ray
diffraction data and it is found to be 44 % for the t-ZrO, and 48 % for m-ZrO,. The average crystallite size of the
synthesized ZrO, powder was calculated using Scherer’s formula and found to be in the range of ~20 nm for t-
ZrOand ~ 22 nm for m-ZrO,. TEM analysis of the synthesized ZrO, particles shows agglomeration of primary ZrO,
particles size of ~ 24 nm. The electrical conductivity of ZrO, powder at 300 K is found to be 3.46 x 10°S cm™.
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Abstract: This paper reports Mg doped ZnO Nano thin films with Mg is varying with various concentrations
ratio ranging from0.07t00.57werepreparedby sol-gel spin coating method. To investigate the effects of Mg in
the host ZnO the structural and the optical properties of the Mg doped ZnO nano
thinfilms,ScanningElectronMicroscopy(SEM )andX-raydiffraction(XRD )arecarriedout. WithincreaseintheMg
concentration ratio, the grain size of the Mg doped ZnO thin film was found to be increased. The energy
dispersive analysis by X-ray(EDAX) confirmed the element of Mg in the ZnO films. Growth of high quality
MgZnO nano structured thin films opens-up numerous possibilities for the development of ultraviolet opto-
electronic devices. In the present work, ZnO Nano thin films were grown on microscope glass substrate using
solution growth technique from solutions of triethanolamine (TEA), ammonia (NH3) and thioacetamide (TA).
The method is relatively simple easy to control, sufficient to produce large area and good adherence to the
substrate films. The properties of the films grown at different temperatures with different concentrations were
characterized using various techniques.

Key Words: Mg doped ZnO,Nano structured thin film,spin coating.
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1. INTRODUCTION:

Semiconductor nanoparticles show unique, size-dependent optical properties due to quantum confinement
effect. Zinc Oxide (ZnO) is a wide -band gap II-IV semiconductor material with 3.2 eV optical band gap and having
large exciton binding energy of ~60 meV which causes the stimulated emission at room temperature.Hall mobility
7ZnO single crystal is on the order of 200 cm2 v -1 s -1 at room temperature. An emerging material that holds promise
for flexible applications is ZnO. Due to its deep excitonic energy level, thermal stability, and chemically benign
nature[1-4], ZnO is Increasingly become an attractive wide band gap semiconductor [5]. Most of the group II-VI
binary compound semiconductors crystallize in either cubic zinc blende or hexagonal wurtzite structure where each
anion is surrounded by four cations at the corners of a tetrahedron, and vice versa. This tetrahedral coordination is
typical of sp3 hybridized covalent bonding. It has a polar hexagonal axis, the c axis, chosen to be parallel to z. This is
a hexagonal lattice, with lattice parameters a = b = 0.3296 and ¢ = 0.52065 nm, and is characterized by two
interconnecting hexagonal sub lattices of Zn2+ and O2—, such that each Zn ion is surrounded by tetrahedral of O ions
and vice versa. This tetrahedral coordination gives rise to polar symmetry along the hexagonal axis.

2. METERIALS AND METHODS:

Zinc oxide (ZnO) and its alloys are semiconductors which offer potential applications such as solar cells, dis-
play panel electrodes, light emitters, sensors, modulators and acoustic surface wave devices[6,7]. Mg is incorporated
as substitution type material to control the bandgap in ternary oxide semiconductors [8, 9] . Although Mg2+ (0.57 A)
has a similar ionic radius to Zn2+ (0.60 A), the solid solubility of MgO in the ZnO matrix is limited due to its different
crystal structure. MgO has a cubic rock salt structure, [10] while ZnO has a hexagonal wurtzite structure [11]. So, the
reports have demonstrated that the MgZnO alloy thin films with a wide range of Mg2+ from 0 to 36% still maintained
the hexagonal lattice structure due to the similar ionic radius of Mg2+ and Zn2+, and corresponding energy bandgap
could be increased from 3.34 to 3.96 eV[12]. MgZnO films can be prepared by several techniques such as molecular
beam epitaxy (MBE) [10], metal-organic chemical deposition (MOCVD) [11], RF mag-netron co-sputtering [12],
pulse laser. The sol-gel method has several advantages such as simple and low cost. The most wide spread use of sol-
gel is in coating of devices such as in antireflective coatings with Index gradation; optical or infaredabsorbing coatings
and electrically conductive coatings. Until now, very little work has been done in MgZnO thin films by using sol-gel
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method. In this study, sol-gel spin-coating method was adopted to deposit the MgxZn1-xO thin films with various Mg
mole fractions because spin-coating technique has distinct advantages such as easy and cheap operation, excellent
compositional control and homogeneity on the molecular level.

3. EXPERIMENTAL DETAILS:

The MgxZn1-xO thin films were grown on Si (100) sub-strates by using sol-gel spin-coating method. The Si
substrates were cleaned by immersion in an acetone for 24 hours and then also cleaned with 55 degOC of 10% NaOH
solution and then rinsed with deionized water. The preparation of MgxZn1-xO thin films is illustrated schematically in
Figure 1. The precursor sol solution was prepared by dissolving 0.6 M zinc acetate dihydrate [Zn (CH3COO)2-2H20]
in 0.6 M 2- methoxyethanol as a solvent, and monoethanol-amine (MEA) was added to the stable solution. The molar
ratio of zinc acetate dihydrate to 2-methoxyethanol was maintained at 1:1. The Mg mole fraction was controlled by the
change in the wt % ratio of magnesium acetate tetrahydrate [Mg (CH3COO)2-4H20] to zinc acetate dihydrate from
0.07 to 0.57. The resultant sol solution was stirred at 60 °C for 2 h to yield a clear and homogenous solution. The sol
solution was preserved for 1 day before the growth of the MgxZn1-xO thin films. The sol solution was spin-coated
onto Si substrate, rotated at 3000 rpm for 20s. The MgxZn1-xO thin films were heated at 300 °C for 10 min to
evaporate the solvent and remove the organic residuals (named as pre-heat treatment). After the pre-heat treatment, the
MgxZn1-xO thin films were cooled with a cooling rate of 50C/min to avoid cracks. The spin-coating and pre-heating
processes were repeated three times. In order to crystallize, the MgxZn1-xO thin films were heated in a furnace under
an air atmosphere at 500 °C for 1 h (named as post-heat treatment). The effects of Mg mole fraction on the structural
and the optical properties of the MgxZn1-xO thin films were investigated by Scanning Electron Microscopy (SEM),
X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FT — IR).

2-methoxyethanol Zinc acetate dihydrate
Monoethanolamine (MEA) Magnesium acetate tetrahydrate

W

| Precursor solution with various mole fraction |

J

| Stirring at 60 °C for 2 h |

J

I Homogeneous and Clear Solution |

J

| After 24 h |

J

I Clearing substrate I

)

| Spin Coating (silicon substrate, 3000 rpm, 20 s) }«‘

Repeating
3 times

J

[ Pre-heat treatment at 300 °C for 10 min.

J

I Post-heat treatment at 550 °C for 1 h I

J

| Mg.Zn,_O thin films |

The prepared samples are as follows in the below table

Sample name Doping base Mol(%) of Mg
1 99.93 0.07
2 99.83 0.17
3 99.73 0.27
4 99.63 0.37
5 99.53 0.47
6 99.43 0.57
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4. RESULTS AND DISCUSSIONS:
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Abstract: Drug discovery has undergone a sea change with technological innovation. The application of

computational techniques has been quickly lapped up by the scientists in the field of targeted drug delivery
systems. The Wnt proteins are active in cancer by various signaling pathways through Frizzled (Fz) receptor
binding, leading to gene expression.

In the present study comparative modeling method was used to generate the 3D structure of the Wnt - 4
target protein. The structure is refined and validated using bioinformatic tools. The active site residues of the
protein are identified. These residues are important for the identification of leads.

Key Words: Wnt protein, Comparative Modeling, Active site residues.

1. INTRODUCTION:

Drug Discovery has become truly an interdisciplinary with the advent of genomics and informatics. Starting
from late 90s, it has spread its domain quickly from traditional synthesis, pharmaceutical formulations to high
throughput screening and combinatorial synthesis [1]. The application of computational techniques has been quickly
lapped up by the scientists in the field of drug discovery. Recent approaches on drug discovery has been identifying
and targeting novel proteins [2]. Biological phenomena are highly regulated and it is recognized that therapeutic
interference with mechanism of signaling cascade offers a tool for clinical applications in various pathologies [3].

The challenge in drug discovery for cancer is to eradicate tumor cells and spare normal cells. Like all other
regulated biological phenomena, Wnt pathway activation in breast cancer cells increases the cell motility while its
blockade suppresses their aggressive behavior in vitro [4]. Practically every medicine interacts with a targeted protein,
either boosting or inhibiting its function. Validating the protein function is a crucial step in the drug discovery process.
Once the molecular mechanism of a disease is understood you have a clue to design a therapeutic. Finding drugs that
focus on the cancer cells without effecting normal cells in the bodys, is the need of the hour.

Cancer is a life threatening disease characterized by uncontrolled growth of tumor cells. Cancer is a major
global problem and is the second leading cause of death in developed countries. The major setbacks of cancer
management — drug resistance, disease relapse, and metastasis [S]. Wnt pathway is disregulated in many types of
cancers and hence could provide an excellent therapeutic target [6].The Wingless-type MMTYV integration site family,
(WNT gene) it encode signaling proteins. These proteins have been implicated in oncogenesis. One potential signal
transduction is via the Wnt ligand, a critical signaling molecule in mammary gland development regulated, Wnt - 4
signaling may represent a novel target [7]. Activation of the Wnt signaling pathway is primary cause in oncogenesis,
affecting cell proliferation, morphology and contact inhibition, as well as co-operating with other oncogenes in
multistep tumor progression. Knowledge of signaling mechanisms including binding interaction of Wnt ligand -
receptor, are important for the designing of antagonist against cancer using in silico techniques.

2. METHODOLGY
Homology modeling of the Wnt - 4 protein

Comparative modeling techniques are widely used by computational chemists to predict the three-dimensional
(3D) models of proteins [8, 9]. The 3D structure of the protein is essential to know the biochemistry of the protein,
comparative modeling method is applied to build the 3D structure of the Wnr - 4 protein.
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The amino acid sequence of the target protein (UniProt ID: P56705) is retrieved in FASTA format from the
ExPASy Swiss-Prot (Expert protein analysis system) server (http://www.expasy.org) [10]. The template selection is
carried out using template search tools such as Position-Specific Iterative Basic Local Alignment Search Tool (PSI-
BLAST) [11, 12] for sequence, Jpred3 for Secondary structure [13], and Protein Homology/analogy Recognition
Engine (PHYRE) for fold similarities [14], respectively. Proteins with the lowest E — score value are considered as
templates. The pair wise alignment of the target protein, with the sequence of selected template is carried out with
ClustalW tool [15]. MODELLER program is used to obtain 3D structure of protein [16]. The 3D model of the protein
with the lowest MODELLER objective function is selected for further studies [17]. Loop building is carried out for the
amino acids with low stereochemical quality in the 3D model of the target protein using build loop module in Swiss-
PDB Viewer (SPDBV), which calculates bad contacts, clashes, and hydrogen bonds. The protein structures are
visualized and analyzed with SPDBYV, which is an interactive molecular graphics program [18, 19].

Validation of WNT - 4 protein 3D model

The refinement of the initial model of the target protein is followed by energy minimization. Energy
minimization is carried out using SPDBV with the default cutoff root mean square deviation (RMSD) value of 0.3 A.
The model is validated by PROCHECK [20, 21] from the Structural Analysis and Verification Server (SAVES). The
stereochemical quality of the resulting protein 3D model is interpreted with Ramachandran plot [22] by checking the
dihedral angles phi and psi of the amino acid residues. The local model quality is assessed by ProSA server [23].
Active site prediction

The binding domain mediates interaction of Wnt - 4 and Fz receptor proteins initiating a conserved pathway
that regulates crucial aspects of cell fate determination, cell migration, and cell polarity. The active site region of the
Whnt - 4 protein is identified by using Computed Atlas of Surface Topography of Proteins (CASTp) [24] server tool.
CASTp server measure systematically the area and volume of each cavity to assess the active site domain.

Further to validate the domains, Protein—protein (P-P) docking is carried out between Wnt - 4 and its receptor
Fz with the help of Patch Dock server [25, 26] and identify the specific binding residues within the binding domain of
the target protein.

3. RESULTS AND DISCUSSION

The Wnt signaling pathway is ancient and evolutionarily conserved pathway [27].The Wnts are secreted
glycoproteins (19 proteins) in humans hinting to complexity of signaling regulation. To date major signaling pathways
downstream of the Fz receptor have been identified
As Planar Cell Polarity [28] and the Wnt/Ca®* pathways. The Wnt4, Wnt5a and Wnt11 ligands express signal via the
non-canonical pathway. Over expression of these Wnts (Figure 1) were found to disrupt cell fate both Xenopus and
zebrafish, which is regulated by the canonical pathway [29].

The 3D model of the Wnt - 4 protein (Figure 2) was generated using homology modeling techniques, based on
its sequence similarity with proteins of known structure (template). The retrieved amino acid sequence of the Wnt - 4
protein was subjected to BLAST, Jpred3, and PHYRE search, against the PDB, to identify suitable template structures
for comparative modeling. Protein with PDB ID, 4Foa B was selected as suitable template, based on lowest E score
values (Table 1). Similar protocols have been followed to build the model [30, 31]

The 3D model the protein is validated using PROCHECK measures the angular distribution of psi/ phi torsion
angles of backbone residues of the protein model and is given in the form of Ramachandran plot. The Ramachandran
plot (Figure 3) of the model revealed that phi/psi angles of 90% residues are in the favored regions, 10% in the
generously allowed region and none of the residues (0%) were in disallowed region. The stereochemical quality of any
protein structure of a good quality model is expected to have over 90% in the most favored regions [A, B, L] [32].

ProSA server calculates the energy needed for the architecture of the protein folding energy as a function of
the amino acid sequence. The low z-score indicates an overall model quality and also compares the deviation of the
total energy of the structure with respect to an energy distribution derived from native conformations [33]. Figure 4
shows the location of the z-score for modeled, Wnt - 4 as a black spot located within the space of proteins determined
by NMR .Overall folding energies of the residues of the protein are highly negative, the folding energy for the model
protein with a z- score of —6.4, in the range of native conformations.

The region of Wnt - 4 protein binding to its receptor was taken as reference to determine the putative binding
domain (Figure 5)/ active site. The binding pocket volumes were identified using CASTp and were found to have two
cavities with area 3807.9 & 2588.3 A’. Proteins interact with each other to produce a particular cellular effect / signal
transduction. P — P docking was carried out between WNT - 4 and Fz receptor to identify the binding residues of
importance in the complex formation between the two proteins. In the most stable docked complex from the two
hydrogen bonds, Ser 109: HG — Glu 324 :OE1 (2.2934 A) and Lys 101: O — Arg 228 : N (3.180 A) was observed as
represented in Figure 6. The hydrogen bonding interactions play an important role for the stability of the complex.
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4. CONCLUSION :

The homology modeling method provided a reliable structure of Wnr - 4 for further investigation. The docking
studies conclude that Lys 101, Ser 109 of Wnt - 4 are involved in the hydrogen bonding. These interactions lead to
binding of wnt protein to Fzd receptor signals via downstream effectors that result in the inhibition of beta-catenin
phosphorylation, thereby preventing degradation of beta-catenin. Stabilized beta-catenin can then accumulate and
travel to the nucleus to trigger changes in transcription of target genes. The investigation of docking site of Wnt - 4
with its receptor domain helps in identifying new molecular entities as Wnt - 4 antagonist. The results provide
valuable information for the design of new leads targeting Wnt - 4 for the treatment of cancer.

Figure 1. The planar cell polarity (PCP) pathway is triggered by Wnt protein. Wnt - 4 binds
Frizzled receptor leading to the activation gene expression

NT protein
o

= (]
\ e S e, g5

Flanar cell polarity Dathweay

Together these proteins trigger the activation of the small GTPases RHOA and RAC-1 that leads to the
activation of the kinases JUN kinase (JNK) and ROCK. These signaling pathways are involved in cell adhesion,
migration, and cell cytoskeleton organization. The stress response pathway involves the activation of JNK, which
phosphorylates the transcriptional factors AP-1 and JUN leading to their translocation to the nucleus to regulate the

gene expression.

Figure 2. 3D model of Wnt - 4 protein

3D model of protein generated using MODELLER showing the Helices and Sheets in violet color.

Figure 3. Ramachandran plot, conformational analysis of protein
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The most favored regions residues (90.0%) are colored red, additionally allowed, generously allowed region
residues (10.1%) and disallowed regions (0%) are indicated in yellow, light yellow and white field respectively.

Figure 4. The overall quality of the protein by ProSA

X-ray
mmmm NMR

Z-score

—15

200 400 600 800 1000
Number of residues

ProSA - web z-score of all protein in PDB determined by X-ray crystallography (light blue) and by NMR spectroscopy
(dark blue). The black spot corresponds to Wnt - 4 protein. Z-Score = -6.4

Figure 5. Conserved motifs in Wnt - 4 protein

1 Bl 1o 150 20 50 1 51

Query seq,
Specific hits
Superfanilies wnt superfamily

Wnt domain is identified as conserved domain

Figure.6. The binding interactions of Wnt - 4 — Frizzled (Fz) receptor docked complex.

7

The best docked complex from the protein—protein docking studies using patch dock server. Fz is represented
in green solid ribbon and Wnt - 4 in pink. Two hydrogen bonds are shown in green dotted lines.
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Table 1. Comparison of the template search results (E-values and PDB codes) obtained from various servers for the
Wnt - 4 protein.

1. BLAST Sequence position | 2e - 76 4Foa B
specificity

2. JPred3 Secondary structure | le - 65 4Foa B
prediction, solvent
accessibility and
coiled-coil region
prediction

3. PHYRE Protein fold | 100% 4Foa B
recognition
(threading)

BLAST: Basic local Alignment Search Tool; JPred3: Secondary Prediction Server;
PHYRE: Protein Fold Recognition Server.
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Abstract: Nano crystalline Erbium doped Nickel ferrites, which can be represented compositional formula

NiEr.Fe, ojwhere(X=0.00 to 0.10 with a step of 0.01) were synthesized by the citrate-gel auto combustion
method. Synthesized powders are sintered at 500°C for four hours in air and characterized by XRD, SEM, EDS,
and FTIR studies. X-ray diffraction analysis of the investigated samples showed cubic spinel structure of the
ferrites without any impurity peak and the values of lattice parameter (a)and X-ray density(d,) increases with the
increase of Ercontent. Scanning electron microscope (SEM) studies revealed morphology of the Nano crystalline
samples. An elemental composition of the sample was studied by Energy Dispersive spectroscopy (EDS). FT-IR
measurements show the characteristic ferrite bands. The observed results can be explained on the basis of
composition.

Key Words: Ni-Er Nano ferrites, citrate-gel auto combustion method, XRD, SEM EDS, FT-IR.
\_ _J
1. INTRODUCTION:

Erbium substituted nickel Ferrites have diverged practical applications as high density magnetic data storage,
particularly important because of their excellent Microwave absorbing materials [1]. Most of ferrite materials
belonging to semiconductors with good magnetic properties [2]. Magnetic resonance imaging contract agents and
targeted release of drugs, preparation conditions influence the cation distribution. Which in term reflectsln the
chemical and physical of ferrites to a great extend [3]. Theinteresting physical and chemical properties of the ferrites
arise from their ability to distribute the cations among the tetrahedral (A) and octahedral (B) sites [4].Properties of
ferrites are highly sensitive to the substitution of different metal ions in its tetrahedral and octahedral sites. Properties
of ferrites are highly sensitive to the substitution of different metal ions in its tetrahedral and octahedral sites [5].
Substitution of large rare earth ions In place of small ions will result in strain which induce structural distribution and
there by modify the properties of samples in Nano-region
The properties of ferrites are dependent on several factors, chemical composition, method of preparation, grain size,
sintering temperature and atmosphere [6].

2. EXPERIMENTAL DETAILS:
The Nickel-Erbiumnano ferrites having the chemical formula NiErFe, O, were synthesized by citrate gel
auto combustion method using the below raw materials

2.1 Raw Materials:
e Nickel nitrate 99%pure(AR Grade)[Ni(NOj3),]

e Erbium nitrate 99.9% sigma Aldrich [Er(NO;);] 6H,O
e Ferric nitrate —99.9%pure(AR Grade) (Fe(NO;); 9H,O
e Citric acid —99%pure(AR Grad) (C¢HsO; H,0O)
e Ammonia Solution -99%pure(AR Grade)(NHj;)

2.2. The flow chart of synthesis of Ni-Er Nano ferrites:

The calculated quantities of metal nitrates were dissolved in minimum amount of distilled water to get clear
homogeneous solution an aqueous solution of citric acid was added to the metal nitrate solution. The molar ratio of
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citric acid to the total moles of citric acid to the total moles of nitrate ions was adjusted to 1:3 .The mixture was slowly
stirred.

Homogeneous

solution of metal PH-7 Maintained by

adding ammonia
{ solution

Continuous stirring and Heating at 1000C l

T~

Heating to 200°c Viscous gel
Auto combustion Dry gel ———

Burnt Grindng Calcination at | Nano Ferrite
ash ) 5000°c for 4 hrs powder

Mixing and stirring
nitrates

2.3 Structural characterization by XRD:

In order to characterize the phase purity and structural characterization was done by X-Ray Diffract meter
were recorded using Regakumaniplex powder X-ray diffractometer (Cu-KoA=1.5406A")Ywith diffracted mono
chromatic beam with radiationof wave length (1.5405A° ) to study the diffraction pattern of Ni-Er between brag
Angles 10°to 80° in the steps of 0.04%sec. nano ferrites particles Were shown in Figure.

The crystalline size was calculated for the sample using the high intensity 311 peak and using DebayScherrer formula
[7] while taking into account the intensity broadening [8].

0914
Bcosb

Crystalline size of the sample D =

Where Athe wavelength of X-ray is used [9]. BIs the width of diffraction peak i,e. full width Half
Maximum(FWHM) , 0 is the peak position.

Lattice parameter (a) of the sample was calculated by the formula. @ = d * v/ h? + k? + [?[10] Where a=Lattice
constant, (hkl) are the Miller indices, d is the inter planner space The X-ray density of the prepared sample was

calculated using the relation dx = %(g/cm% [11] where M= molecular weight of the sample,a is the lattice
parameter and N is the Avogadro number.

3. RESULT AND DISCUSSION:

3.1. XRD Analysis

The X-ray diffraction(XRD)technique was performed to confirm the Erbium substituted Nickel ferrites to form
a single-phase cubic spinel structure as shown in Figure-(2).With no extra lines corresponding to any other
crystallographic phase. The results obtained from XRD pattern for all the samples of NiEr,Fe, xO4 with the (hkl)
values corresponding to the diffraction peaks of different planes (220), (311), (400), (422), (511), and (440) are spinel
cubic phase

311

400 440
220 422 [511] A X=0.10|
A A A n A

=
& W R ) A
£
=
3 A N [X=0.650
::: /\_A_Av\ A A A
= N N R
D
H
i N s X=0.0|
10 20 30 a0 50 60 70 80

Figure.1. XRD pattern of NiErxFe,.xO4nano crystalline ferrites
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The calculated values of crystalline size for the different compositions are given in the table (1).
It can be seen from the table that the values of the crystal size varies from 15.36nm to 39.45nm of the various Er
concentrations
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Figure (2) variation of lattice constant with Er™ content and Figure (3) shows the X-ray (dy) vs Er* concentrations

The lattice parameter values of all the composition of Erbium doped Iron ferrites have been calculated from
the d- spacing and are given in the table. A plot is drawn between the lattice parameter vs Erbium composition is
shown in Figure (2) variation of lattice constant with Er*™ content in NiEr,Fe,. O4is ( x=0.00 to 0.10 with a step of
0.01)is observed that the Lattice parameter increases with increase in Ercontent. This is attributed to replacement of
smaller ionic radii Ni (0.78A°) by larger ionic radii Er™® (A°) ions. This linear variation indicates that the Ni-Er ferrite
system obeys vegard’s law [12] The Figure(3) shows the X-ray density (dy) vs concentration, The X-ray density (dy)
is depend on the lattice parameter and molecular weight of the sample. From the table one can observe that molecular
weight of the sample is increases with Erbium concentration and lattice parameter is also increases with the increase
of Er compositions. This may due to the grater atomic weight of Er-167.259 gm/mol and lesser atomic weight of Fe-
55.845gm/mol shown in below figure Erbium was very small .the calculated values of the lattice constant tabulated in
table: 1shows that there has been no structural distortion for the various ratios. The fact that Erbiumgoes as
substitution into the cubic spinel lattice evident from the absence of any extra peaks in the XRD spectrum.
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Tablel. Crystalline size (D), Lattice parameter (a), X-ray density (d,), Happing length A, B- site.

Sample D(nm) a (A" dx(gm/cc) A-site B-site
Pure 39.45 8.307 5.432 3.596 2.936
Er 0.010 21.96 8.403 5.242 3.645 2.976
Er 0.030 21.96 8.404 5.332 3.638 2.971
Er 0.050 21.95 8.406 5.366 3.639 2.971
Er 0.070 21.82 8.417 5.416 3.647 2.977
Er 0.090 17.56 8.419 5.441 3.645 2.976
Er0.10 15.36 8.424 5.469 3.644 2.975

3.2. Morphology by SEM: Scanning Electron Microscope is the best technique for studying surface morphology of
Erbium substituted nickel naono ferrites (prepared samples by Citrate- Gel Auto combustion method was using
scanning electron SEM) where the secondary electron images were taken at different magnifications to study the
synthesized samples were shown in Figure (4).
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Figure (4)SEM images ofNiEr,Fe, O, ferrite samples(X=0.0, 0.010,0.030,0.050,0.070,0.090,0.1).

The SEM imagesof Ni-Er ferrite are shown in the Figur the images show that the particles have an almost
homogeneous distribution, andthe morphology is seems to be uniform some of the samples are agglomerated form. it
evidenced by SEM images that the agglomeration of particles lies in Nano region.the particles were observed as
uniform grain (in different SEM images) sizes

3.3. Elemental Analysis by EDS

The EDS spectra give information about the chemical composition of the elements present from the surface to
the interior of the solids, and they are used to confirm the homogeneity of the investigated samples, The spectra
indicated the presence of O, Fe, Ni, and Er as the major elements in the synthesized material with no impurities are
observed along with elemental mapping. The EDS spectra of the samples are shown in Figure (5)
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Figure (5) EDS images ofNiEr,Fe, ,O, ferrite samples

3. 4. FTIR Spectral analysis:

FTIR spectra of NiEr,Fe, O4nano crystalline ferrites of prepared samplesfrom two absorption bands were recorded in
the range of lower frequency band (9,)387-397cm™ and higher frequency band(9,)574-580cm™ corresponds to the
stretching vibrations of the metal at the tetrahedral site and octahedral site it explain that the normal mode of vibration
of tetrahedral cluster is higher than that of octahedral cluster.[13, 14] It should be attributed to the shorter bond length
of tetrahedral cluster and longer bond length of octahedral cluster. Shown in below figure (6)
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Figure (6) FT-IR images ofNiEr,Fe, O, ferrite samples
CONCLUSION:

e FErbium substituted nickel nano ferrites NiEr,Fe, ;0,where(X=0.00 to 0.10 with a step of 0.01) were prepared by
Citrate Gel Auto Combustion technique is a convenient way for obtaining a homogeneous nano sized mixed
ferrites, it is very simple and economical method where no specific heating or cooling rate is required .

e X-ray diffraction pattern confirms the formation of single phase cubic spinel structure. from standard data
JCPDS.

e The crystalline size of the various Ni-Er ferrites was in the range of 15 to 39 nm.

e SEM micrographs of the composition indicate morphology of the particles is similar.They reveal largely
agglomerated,well defined nano particles of the sample powder within homogeneous brader grain size
distribution.

e EDS data give the elemental % and atomic % in the Ni-Er ferrites and it shows the presence of Ni,Er, Fe and O
without precipitating cations

e FT-IR spectra show the two main absorption bands of ferrites it reveals that tetrahedral and octahedral of the

spinel ferrits characterization.
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Abstract: Titanium Dioxide Nanoparticles exhibit good photo catalytic properties. Nano-TiO; is chemically
stable, relatively nontoxic, environment friendly and is used in antiseptic and antibacterial compositions. TiO,-
nanoparticles were prepared by chemical synthesis method using Titanium tetrachloride (TiCl,) and Sodium
carbonate (Na,CO3). TiO, nanoparticles were annealed at different temperatures and their properties have been
evaluated by XRD, PSA, SEM, EDAX, TG/DTA, and UV-V Spectroscopy.

Key Words: TiO,-Nanoparticles, TiCl,, Sodium Carbonate, XRD, SEM, TG/DTA.

1. INTRODUCTION:

Titanium dioxide (TiO,) has become part of our everyday lives. It is found in various consumer goods and
products of daily use such as cosmetics, paints, dyes and varnishes, textiles, paper and plastics, food and drugs, and
even in paving stones. Titanium dioxide (Ti02) exhibits unusual structural, optical, electronic, magnetic and chemical
properties. Nano titanium dioxide powder has many good functions and features, such as stable properties, non-toxic,
high activity of photo catalysis, low cost and good at resisting chemical attack [1-4]. TiO2 is a well-known wide band
gap semiconductor (3.0 to 3.2 eV) with its remarkable advantages of high refractive index, high transparency in the
visible and infrared regions, good thermal and mechanical stabilities, high photo-conversion efficiency and good
photo-stability which makes it a very important material with wide range of applications. Titanium dioxide exists in
both crystalline and amorphous forms and mainly exists in three crystalline polymorphous, namely anatase, rutile and
brookite. Anatase and rutile have a tetragonal structure, where as brookite has an orthorhombic structure. [2-3]. Since
the physical properties of Nanoparticles depend on the Nanoparticle characteristics such as size and composition, it is
essential to have a synthesis process in which these properties are controllable. TiO2 nanomaterials were synthesized
using the most convient ways of synthesizing methods namely Sol-gel method [5, 6, 7, 8, 9, 10, 18], hydrothermal
method [9, 10, 11, 12] solvothermal method [13, 14,] chemical vapour deposition [15, 16] and physical vapour
deposition etc. In the process of synthesis of TiO2, the shape and crystal structure of the product significantly depends
on raw materials used. Characterization and manipulation of individual nanostructures of TiO2 require not only
extreme sensitivity and accuracy, but also atomic-level resolution. Therefore, this leads to various microscopes that
would play a central role in characterization and measurements of nanostructures of TiO2 materials [5]. In this
experimental procedure, sol-gel or chemical synthesis method is used for preparation of nanometer TiO2 powder. The
products are characterized by XRD, PSA, SEM, EDAX, TG/DTA, and UV-Visible Spectroscopy. The sol-gel method
is an attractive method for the synthesis of Titanium dioxide nanoparticles. Since this method is carried out in
solution, tailoring of certain desired structural characteristics such as compositional homogeneity, grain size, particle
morphology and porosity is possible

2. EXPERIMENTAL PROCEDURE:

Titanium tetrachloride is the inorganic compound and it is an important intermediate in the production of
titanium dioxide nano particles. The chemical reaction taking place after adding sodium carbonate (Na,COs) is given
below.

TiC14+2N32CO3 = T102 + 4NaCl + 2C02

In Synthesis of Nano-TiO,, initially 8M HCI Solution was prepared in 50 ml distilled water. Then we added
20 ml TiCly in the above solution. 2.1M Na,CO; solution was added drop wise until, the whole solution’s pH was
reached around 9 and precipitates were formed. These precipitates were washed several times. Then after washing
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CH;COOH (0.075M) was added in above solution, under vigorous stirring. Again solution was washed several times.
After washing HNO; was added drop wise into above solution until solution pH was down to 1.2. Then Solution was
centrifuged. Precipitates were dried in furnace at 100°C for 24 hours. After drying, sample was annealed at 650°C for
2 hours. The samples were grinded to form a fine nano powder.

3. RESULTS & DISCUSSIONS:

3.1. X-RAY DIFFRACTION
XRD analysis was carried out for TiO, nano material. The synthesized nano material is matched with the PCPDF card
no 89-4921, where the lattice constants for this material is a = 3.777A° ,b= 3.777A°" ¢= 9.501A° ; =90’ =90° Y =
90°, the structure is Tetragonal, molecular weight is 79.90g, Average crystalline size (D) is 36.61 nm and d-spacing is
calculated to be 0.35 nm.

Figure.3.1. X-Ray Diffraction Patterns of Nano-TiO,
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Crystallite size
Theta(0) Theta(0) FWHM( in | FWHM( in | Cos(0) D) =
Degrees Radians Degrees) Radians) K)\/BcosO
14.35965 0.2506 0.17963 0.00313634 0.968758058 42.81100756
15.9632 0.2786 0.13848 0.002417861 0.961438534 55.11292497
17.9100 0.3125 0.16983 0.002965232 0.951540611 44.47663374
22.8644 0.3990 0.31969 0.005581787 0.921427005 22.87972897
24.3450 0.4249 0.24558 0.004287827 0.911079433 29.44979248
27.4282 0.4787 0.28244 0.004931402 0.887588775 24.94621089
Total 219.6762986
Average 36.61271644
Table.3.1. XRD data of TiO,
3.2. PARTICLE SIZE ANALYZER (PSA):
TiO, nano material synthesized was characterized by PSA for particle size distribution analysis.
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Figure .3.2.Particle distribution in the Particle Size Analyzer of Nano-TiO,
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The measurement of particle size distribution of TiO, nano material was characterized by Particle Size
Analyzer. In the prepared sample it was observed that, particles have a wide size distribution, but the majority of them
were dispersed within a narrow range, as shown in Fig.3.2. The average particle size of TiO, nano material from the
histogram was found to be 64.8 nm.

3.3 SCANNING ELECTRON MICROSCOPY (SEM):

The surface morphology of TiO, nano material was investigated by using SEM and morphology images are
shown in below Figure.3.3 which shows morphology of TiO, nano material with different scale 10um, 10um, Spm,
4um. From the below shown SEM images, we can infer that the obtained TiO, nano material is crystalline and
contains non-porous surface morphology.

Figure.3.3.SEM images of Nano-TiO,

3.4. ENERGY DISPERSIVE ANALYSIS OF X-RAY (EDAX):

EDAX studies are generally carried out to test the purity of the sample by giving us the details of all the
elements present in the given sample. Below figure 3.4 shows EDAX results of synthesized TiO, nano material. Here
by from the results we can exactly know whether we obtained the exact material or not. The elements present in the
material are clearly known and whether the obtained material has any contamination can be known by EDX results.

Figure.3.4. EDAX image of Nano-TiO,
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Element Weight % Atomic %
Titanium (Ti) 57.01 30.24
Oxygen (O) 40.17 63.80
Carbon (C) 2.82 5.96

Total 100% 100%

Table.3.2. EDAX result of TiO2 nano material

The EDAX analysis shows that the samples of TiO, nano material Table 3.2 contain Titanium 57.01%,
Oxygen 40.17% and Carbon 2.82% elements in its composition i.e., the energy-dispersive spectroscopy (EDAX) of
the nano particles dispersion confirmed the presence of elemental Titanium and oxygen. The presence of these
compounds is assumed to be present as components of TiO, nano material.

3.5. THERMO GRAVIMETRY/DIFFERENTIAL THERMAL ANALYSIS (TG/DTA):

TG/DTA-analysis gives a lot of information about the compound tested. By making the measurements it is
possible to understand the thermal stability and other properties correlated to the thermal stability, such as the ability
of the reducing agent to restore the crystal structure of the TiO, nano material which may be altered during the
oxidation. In Differential Thermal Analysis (DTA) the material under study and the inert reference material are made
to undergo identical thermal cycles to record any temperature difference between sample and reference. There are two
obvious weight loss stages. The first stage is from temperature 35.87°C to 131.192°C (0.54% wt loss) which can be
attributed to the dehydration process of water molecules in the interlayer of TiO, nano material. The second is from
196.90°C to 794.79°C (0.801%), it is due to the burning decomposition of oxygen containing groups and due to the
burning decomposition of carbon attached to TiO, nano material. The total weight loss is 1.44%.

1 sboo 0 s0O0
Termp Cal

Figure.3.5. TG/DTA curves of Nano-TiO,
3.6. ULTRAVIOLET-VISIBLE:

An Ultraviolet- Visible spectroscopy measurement was carried out to monitor the absorbance of TiO, nano
material. The TiO, nano material that is formed has an absorbance maximum at 325nm.
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Fig.3.6. UV-VIS Absorption Spectra of the TiO, nano material
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The TiO, sample was dispersed in distilled water by using ultra-sonication. Figure 3.6 show that the UV-
Visible spectrum of TiO, nano material exhibited a strong absorption peak at 325 nm. Since TiO, nano material is an
insulator material, absorption coefficient versus photon energy (eV) graph is plotted to determine it’s bandgap as
shown in the figure 3.7. From the graph, the bandgap is obtained as 6.08 eV.
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Figure.3.7.Photon energy (Band gap (eV)) vs. Absorption coefficient

4. CONCLUSION:

TiO2 nano material was synthesized by sol-gel method (Chemical synthesis) and characterized by XRD, PSA, SEM,
EDAX, TG/DTA, and UV-Visible Spectroscopy. FromXRD, the average crystallite size was calculated as 36.61nm
and average d spacing was calculated as 0.35nm. From Particle size analysis, the average particle size was observed
as 64.8nm. From SEM images, the TiO2 nano material was crystalline and has non-porous surface morphology. From
EDAX results, 57.01% Ti, 40.17% O and 2.82% C was contained in the synthesized TiO2 nano material which
confirmed the formation of TiO2. From TG/DTA, the total weight loss was calculated as 1.44%. From UV-Visible
spectroscopy, the band gap was observed as 6.08eV.
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Abstract: The paper presents FTIR analysis of inner membrane of eggshell of chicken Gallus gallus domesticus.
Fresh samples of egg shells are cleaned; dried and inner membrane of the shell is separated carefully for FTIR
analysis. FTIR spectrum reveals a series of bands related to fats and proteins. Calcium carbonate is the major
constituent (about 90%) of the shell, but it is absent in the inner shell membrane as characteristic band at 712
cm’ is not seen in the spectrum. However, characteristic bands at 870 cm™ and 1450 cm™ suggest that inner shell
membrane possesses carbonate ion.

The study concludes that the major constituent of inner shell membrane is organic (protein and fat) in contrast to
the shell.

Key Words: Egg shell; chicken; FTIR; Carbonate ion; fats; proteins; inner membrane of shell.
\ J

1. INTRODUCTION:

The egg is composed of a central yolk surrounded by the albumin (egg white), egg shell membranes (inner
and outer shell), and calcified egg shell. The meshwork of interlaced fibers is organized into morphologically distinct
inner and outer sheets that enclose the egg albumin. The fibers of the outer shell membrane become incorporated into
the base of the eggshell.

The structure of the egg shell in relation with its quality, as commercial interest, has been investigated using
various microscopy techniques [1, 2]. Simons [3, 4] reported results of a comprehensive study of hen’s egg shell and
membrane involving the techniques of optical microscopy, TEM and SEM and also reviewed previously published
data.

Hui, et al [5] made Fourier transform infra-red spectroscopic study on hen’s egg shell alone. Reaction of
discarded hen egg shell with tri-calcium phosphate in presence of steam at 900 °C and subsequent aging for 24 hrs
resulted in the formation of synthesized Hydroxyapatite. The FTIR investigation of these samples showed all the
characteristic bands for Hydroxyapatite [6, 7].

A search of literature reveals that there exists no information on FTIR analysis of inner membrane of eggshell
in its natural state. In view of this, the aim of this paper is to analyse spectroscopically inner membrane of egg shell
of the chicken Gallus gallus domesticus in its natural condition.

2. MATERIALS AND METHODS:
The egg shell samples of chicken Gallus gallus domesticus were collected, cleaned with water thoroughly and dried in
room temperature. The inner membrane was removed mechanically and was powdered using pestle and mortar for
the use of FTIR analysis.

Infrared spectrum of the inner shell membrane (ISM) powder was recorded in FTIR spectrometer (Shimadzu
FTIR - 8400S) in the range of 4000 cm™ to 400 cm. For the spectral recording, a small quantity of powder
was mixed with potassium bromide (KBr) in the ratio of 1:4 and pressed in a stainless steel dye to produce thin KBr
wafer, containing a relatively high concentration of the sample in IR transparent KBr matrix.

3. RESULTS AND DISCUSSION:
Fig.1. shows FTIR spectrum of inner egg shell membrane of chicken, recorded in the range of 4000 cm™ to
400 cm™. It reveals a series of bands with different intensities.
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Fig. 1. FTIR spectrum of inner shell membrane of Gallus gallus domesticus

Table 1. FTIR data on inner shell membrane of Gallus gallus domesticus

Wave Number Transmittance | Characteristic vibrations of
(cm™) (%) functional groups
3433 43.78 OH stretching mode of water
3088 57.83 Amide B
2924 53.43 CH, Asymmetric stretch: mainly lipids
2852 57.48 CH, Symmetric stretch: mainly lipids
1641 54.84 C=0 stretching vibrations of collagen
1629 54.97 Amide I band of pleated sheath structures of proteins
1546 59.47 Amide II band of protein; N-H stretching
1458 61.67 CH, Bending: Mainly lipids
1448 95.03 P-O anti symmetric stretch
1408 62.41 P=0 asymmetric stretching of phosphodiesters
1246 63.70 Amide Il band components of proteins
C-N stretch with N-H bend
1155 62.78 C-0-C, C-O dominated by ring vibrations in
1047 60.99 Carbohydrates
877 66.58 Carbonate ion

The major bands at 1629 cm’ (C - H stretch); 1546 cm™ (N - H stretch and C-O- anti symmetric stretch); and
1246 cm™ (C-H stretch with N-H bend) related to Amide I, Amide II and Amide III respectively in the spectral region
3000 cm™ to 1500 cm™ are attributed to the organic material, which are essentially proteins.

The principal characteristics bands at 2924 cm’ (CH, Asymmetric stretch), 2852 cm’ (CH, Symmetric
stretch) and 1458 cm™(CH, Bend), observed in the spectrum, are concerned mainly with lipids.

But the bands at 1430 cm™, 875 cm™ and 715 cm'l, concerned with calcium carbonate, are not seen in the
spectrum revealing the fact that inner eggshell membrane is free from calcium carbonate. However, characteristic
bands at 870 cm™ and 1450 cm™ suggest that inner shell membrane possesses carbonate ion.
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The study concludes that the major constituent of inner shell membrane of Gallus gallus domesticus is
organic (protein and fat) in contrast to the shell.
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Abstract: The paper deals with a comparative FTIR spectroscopic study on horny material of Ox, Sheep and
Goat. The FTIR spectra of horny material show a series of absorption band with different intensities. These
absorption bands identify the various functional groups of the molecule. The IR spectrum reveals the constituents
of Horny materials. The constituents Keratin and Calcium phosphate are present in larger quantity but
Carbonate and Nitrate ions are relatively lesser whereas water content is very low in the horny material. The
study suggests that IR spectroscopy can be used for identification of amino acids and various ions present in the
horny materials.

LKey Words: FTIR, horny material, amino acids, keratin. )

1. INTRODUCTION:

Infrared spectroscopy is a potential tool to provide valuable information in the study of Biological systems. It
is very much helpful in the study of structure of various macromolecular components and their conformations within
tissue. In most of the cases, infrared spectroscopy gives rapid qualitative and quantitative identification of organic and
inorganic constituents and their combinations in mineralized biological tissues.

Li shengqing et al [1] The rhino ceros horn has two absorption peaks of P-H stretching vibration of
sphingolipid at 2350cm™, while other horns only have one or no absorption peak in this region. What’s more,
compared with other horns, it has weak absorption peaks of C=0 stretching vibration of hexosamine at 1733 cm-1,
and absorption peaks of S-O stretching vibration of taurine at 881 cm™. However, other horns have none of these
absorption peaks. R. Ashok kumar and M. Ramaswamy [2] (2014) The FTIR spectroscopic studies revealed different
characteristic peak values with various functional compounds in the extracts. The FTIR of methanol leaf confirmed
the presence of amide, alcohols, phenols, alkenes, carboxylic acids, aldehydes, ketenes, alkenes, primary amines,
esters which showed major peaks. Dominique M.R et al [3] The effect of temperature on wheat gluten conditioned at
the following water contents, 0%, 13%, and 47% (wet weight basis), was studied by FTIR spectroscopy over the
temperature range of 25-85°C. A detailed discussion of the assignment of the amide I band is given. At 0% hydration
no changes in the secondary structure with temperature could be detected; spectra were consistent with a tight
disordered structure with many protein-protein interactions. At 13% hydration, distinctive changes occurred in the
low-frequency region of the amide I band (1630 -1613 cm-1). This was attributed to changes in the, sheet structure.
On cooling to 25°C, these changes were mainly reversed. It was noted that most of the changes observed occurred
above the glass transition temperature. At 47% hydration, more complex changes took place: as the temperature was
raised distinct bands at 1630 and 1613 cm'merged. Rragavender et al [4] (2011) Detected the functional groups in
varius extracts of ‘Aerva lanata’ using spectroscopic method. Ramanamorthi and Kennan. S [5] (2007) screened the
bioactive group of chemicals in the dry leaf powder of Calotropis gigantean by FTIR analysis. Jeanette. M and
cardamone [6] Investigations of keratins extracted from wool by reduction hydrolysis and by alkaline hydrolysis
showed that their chemical compositions and secondary structures were similar to original wool. The keratin iso-lates
were similar in amino acid, Amides I and II, and secondary structure to each other and to original wool. Baddiel [7]
reports the use of multiple internal reflectances to study the surface structure of human hair directly rather than by
grinding to form a KBr pellet. Using this technique, he shows interesting shifts in protein bands of the cuticle layer as
compared to the internal cortical material. Low and Severdia [8] report the use of FTIR-photo thermal beam
deflection spectroscopy to characterize the spectrum of a single human hair in a non-destructive manner. Weston [9]

Available online on - www.ijrcs.org Page 68



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY ISSN: 2456-6683 Special Issue -8, Feb -2018
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal Impact Factor: 3.449 Publication Date: 25/02/2018

and Alter and Bit-Alkhas[10], all use KBr pellet technique. R.Gangadhar at al [11] reports that Ovine scapular
cartilage contains mainly collagen and proteoglycan, carbonate ions and phosphate ions are in very small quantity.

A search of literature reveals that in spite of extensive investigations on infrared spectroscopy of human skin,
hair, nail, bone and collagen on different aspects and their constituents such as lipids and proteins, no information is
available on qualitative and quantitative identification of organic and inorganic constituents and their combinations. In
view of this, in the present investigation, infrared spectroscopic study has been made on horny material, in order to
assess its molecular composition. IR studies were made on molecular composition.

2. MATERIALS AND METHODS:

Horn samples are collected from Slater house. The samples are cleaned with water and sun dried 4 or 5 days and
cut in to the discs. One sample was powdered for FTIR analysis. FTIR spectra of powdered samples were recorded
with Thermo - Nicolet Nexus 670 FTIR spectrometer.

3. RESULTS AND DISCUSSION:

Fig. 1, 2, 3 are FT — IR spectrums of Ox, Sheep, Goat horn, which reveals a series of bands with different
intensities. Table-1 presents data on wave numbers and corresponding Transmittance (%) obtained from FTIR spectra
along with characteristic vibrations of functional groups.

Fig. 1. FT IR spectra of Ox Horn
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For the systematic analysis, IR spectrum is divided into four regions. Region I is from 4000 cm™ to 3000
cm” concerned with water and hydroxyl group. This region is of considerable interest, because it reveals the nature of
hydrogen bonding. Region II is 3000 cm™ to 1500 cm™', where in bands for functional groups are observed. In this
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region major IR absorption pertaining calcium phosphate occurs. Region III is 1500 cm™ to 600 cm™', which has
significant importance in the context of biological minerals and their combinations. The spectra of horn powder
indicate the presence of bands characteristics of calcium phosphate ion, carbon ion and water molecule and also of
some functional groups. Region IV is 600cm™ to 400cm™ are related to disulphide and phosphorus. Most intensive
bands are centered at 1641cm™and 1545cm™ in FTIR spectrum. They correspond to Amide-I and Amide-II. Both
bands are representative of secondary structure of protein. Amide-I peak arises from C=0 hydrogen bonded starching
vibrations. Amide-II is attributed to C-N stretching. Amide-I and Amide-II absorption bands are associated also with
specific secondary sub- structure such as a- helix, p-plated sheet. The bands at1238cm™, 1242cm™ and 1246¢cm™ are
related to Amide-III band component of proteins. The dominative bands at 1639cm™ provide the B-plated structural
conformation of protein. Amide-I and Amide-II regions are conformed that keratin protein present in the sample. The
bands 446cm™'and 448cm™ pertains to phosphate ion. That bands conforming major inorganic component presents in
the sample was calcium phosphate. The band at 590cm™ shows the crystalline nature of the sample. According to
beers law we can easily find the absorbance from percentage of transmittance data. The Relation between absorbance

and transmittance 2> A=2-log;o %T

Table: 1 FTIR data on horny material

Wave Number in cm™ (% Transmittance) Characteristic vibration of functional groups
Ox Sheep Goat
3840(29.7) 3784(37.3) 3844(48.41) H20 (atmospheric absorption)
3790(29.8) 3437(31.6) 3462(41.9) H-O-H stretching of hydroxyl group
3446(41.57) Week N-H (2° amine)
3246 (46.8) Amide-A  N-H stretching of protein
3007 (38.6) 3066 (50.4) Amide-B  N-H stretching of protein
2729 (40.4) 3032(50.77) Stretching vibration CHj;, CH,, CH
2956 (27.5) 2922(34.60) | 2993(51.01) Aliphatic C-H stretching
2874(29) 2852(37.06) | 2854(51.08) CH symmetric stretching of  CH,,in fatty acids
2544(32.7) 2507(41.33) | 2505(53.78 ) -SH
1925(34.5) 1994(55.21) Strong C=C asymmetric state
1874(34.7) 1894(43.4) 1884(55.4) High content unsaturated fatty acids
1743(42.4) 1745(53.5) C=0 stretching vibrations of ester functional groups in
phospholipids, carbonates
1641(24.5) 1639(41) 1641(51.2) B plated sheet structure of protein, Amid-I band component
region. a- helical structure of(C=0) different conformations .
1558(28.5) 1548(42.44) | 1523(52.2) Amide-II peak region of protein (NH,C-N)
1442(29.9) 1440(53.2) P-O anti symmetric stretch
1238(33.1) 1242(42.48) | 1246(56.6) Amide-III bond components of protein(C-N)
900 (59.4) C-0, C-C Stretching
875 (37.7) 879(46.9) 875(59.2) NO; ,NOy
630 (36.2) 632(59.3) C-H bending
603(36.14) 542(48) 547(59.1) S-S disulphide(week)
576(36.5) P-O anti symmetric stretching
466(48) 468(57.4) P-O symmetric stretch
4. CONCLUSION:

The study conclude that the constituents of horny materials are mainly keratin, Calcium phosphate are present
in larger quantity but Carbonate and Nitrate ions are relatively lesser whereas water content is very low in the horny

material.
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Abstract: The paper presents FTIR spectroscopic data on skeletal muscle of chicken Gallus gallusdomesticus.
The studyreveals the presence of glycogen, contractile proteins, fatty acids, phospholipids, triglycerides and
cholesterol along with phosphates in the skeletal muscle. Conformations of proteins are also evident from the
spectral study. Amide 1 and Amide Il concerned bands present in the spectrum suggest that proteins in chicken
muscle exist in both a and p conformations. The bands related to phosphate ion and carbonate ion can be seen in
the IR spectrum.

Key Words: FTIR; Chicken; Muscle.
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1. INTRODUCTION:

Fourier transform infrared (FTIR) spectroscopy is a potential tool to extract vital information in the study of
biological system. Extensive research work is being done on biological apatite and other biological inorganic
materials.

EbruDeniz, et. al., [1] studied to detect the meat types at different concentrations in the mixed raw meat samples
by using FT-IR spectroscopy. Mixtures of chicken meat and beef were prepared by adding chicken meat at 0, 20, 40 and
100% (wt/wt) concentrations to beef as the main meat type. They reported that IR spectra were promising and indicating
especially five bands (wavenumbers between 2917-2920 cm™', 2849-2850 cm™', 1740-1742 scm’, 1196-1197 cm™,
1176-1177 cm™) and concluded that FTIR could be used in identifying species in the beef and chicken meat mixtures.

Gangadhar, et. al.,[2] reported, based on FTIR spectroscopy, that the constituents of ovine scapular cartilage
are mainlycollagen and proteoglycans; Carbonate ions and Phosphate ions are in a very small quantity.

NazimaSiddiqui and Adeel Ahmad [3] presented IR spectroscopic data of edible and medicinal oils of plant
origin. For IR analysis,Tenedible oils and Fifteen medicinal oils were selected. FTIR spectra were recorded. The FT —
IR spectra of edible and medicinal oils showed a series of bands with different intensities and revealed the
composition offatty acids and degree of saturation of the selected oils. The study suggested that IR spectroscopy could
be considered as a vital technique for identification, analysis, determination of degree of saturation of fatty acids and
detection of adulteration of oils of plant origin.

Syed Ismail Ahmed, et. al., [4] studied physical properties such asspecific gravity, viscosity, surface tension,
refractive index and electrical conductivity of human urine of healthy donors and of patients suffering from chronic
kidney kisease (CKD) for possible early detection of proteinuria. The decrease in surface tension of CKD urines was
observed due to high albumin excretion and increased blood urea nitrogen. Fourier transform infrared (FTIR) spectra
in the mid IR region were recorded for normal and albumin treated urine. It was observed that peaks at 1641 cm™ and
1450 cm™ in IR spectra were the most specific peaks for urea and albumin, respectively. They concluded that FTIR
method of detecting proteinuria is quick and cheaper.

Syed Ismail Ahmed, et. al., [5] quantitated the amount of urea in urine by using FTIR Spectroscopy. FT-IR
spectra of urine of healthy persons were recorded at the region 1500 -700cm'by adding urea of concentrations of1.25,
2.5, 5 and 10p g/mL. The spectra revealed primary peak at 3400cm 'anda secondary peak at 1641cm 'related to urea.
A graph between concentration of urea and intensity of IR absorption showed a linear relationship. They reported
anincrease in the intensity of absorption at wave number 1641cm™, which confirmed the specific peak for Urea.

VijayaUshasree, et. al., [6] madeFTIR analysis of whole blood, plasma and serum and reported characteristic
spectral bands pertaining to fibrinogen, hemoglobin, erythrocyte membrane, lipids and other plasma proteins.
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The present study is an attempt to analyse molecular composition of Chicken skeletal muscle through FTIR
spectroscopy.

2. MATERIAL AND METHODS:
The muscle samplesattached to femur boneof chickenwere collected from chicken centre. The samples were

cleaned and sun dried. The dry samples were powdered using an agate mortar. Infrared spectrum of the powder was
recorded in FTIR spectrometer (Shimadzu FTIR — 8400S) (Fig. 1) in the range of 4000 cm™ to 400 cm™. For the
spectral recording, a small quantity of muscle powder was mixed with potassium bromide (KBr) powder in the ratio
of 1:4 and pressed in a stainless steel die to produce thin KBr wafer, containing a relatively high concentration of the
sample in IR transparent KBr matrix.

degree of crystallinity of apatite crystallites present in the bone.

Fig. 1. FTIR Setup

3. RESULTS AND DISCUSSION:

Fig. 2.shows FTIR spectrum of chicken muscle recorded in the range of 4000 cm™ to 400 cm™. It reveals a
series of bands with different intensities. Table 1 presents data on wavenumbers and corresponding Transmission (%)
obtained from FTIR spectrum along with characteristic vibrations of functional groups.
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Fig. 2. FTIR spectrum of chicken muscle

Wax_fle Number | Transmission Characteristic vibrations of functional groups
(cm’) (%)
3427 37.92 H-O-H stretching

2922 41.23 CH, Asymmetric Stretch: mainly lipids, cholesterol
2853 44.74 CH,Symmetric Stretch: mainly lipids
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1736 51.13 C=0 stretching vibrations of phospholipids
1643 47.58 C=0 stretching vibrations of collagen
1629 47.69 Amide I band of pleated sheath structures of proteins
Amide II band of proteins, N-H stretching
1548 49.82 C-0O-anti symmetric stretch
1456 48.71 CH, Bending: mainly lipids; P-O- anti symmetric stretch
1161 52.92 C-C vibration
1020 4791 Glycogen
876 57.13 C-0 out of plane bending, Carbonate ion
669 55.76 C-S stretch
536 56.53 P-O- Asymmetric bend
464 54.14 P-O- symmetric bend

Table. 1. FTIR data on chicken skeletal muscle

A broad band 3427 cm™ in the region 3500 cm™ to 3000 cm™ is observed. This can be assigned as due to
hydroxyl ions involved in hydrogen bonding. The broad band of hydrogen bonded hydroxyl ions in the muscle sample
can be attributed to the presence of several hydrogen bonds of different energy.

The major bands observed at 1629cm™ (C-H stretch), 1548cm™ (N-H stretch and C-O- anti symmetric stretch)
related to Amide I and Amide II respectively can be attributed to the organic component of the muscle, which
isessentially protein, mainly collagen, actin and myosin. Specifically the band at 1643 cm™ (C=O stretch) is of
collagen protein.

The band 2922 cm™'(H-C-H asymmetric stretch) of acyl chains, specially cholesterol. The bands at 2853 cm’
'(C-H stretch), and 1736 cm™(C=O stretch are mainly concerned with fatty acids, phospholipids and Triglycerides
respectively.

The bands 464 cm” (P-O- symmetric bend), 1456 cm” (P-O- anti symmetric stretch) are pertaining to
phosphate ion (PO 43'). The bands 876 cm™ (C-O out of plane bending) and1548 cm™ (C-O-anti symmetric stretch) are

characteristic of carbonate ion (CO,Z-)-

The IR spectrum of muscle powder indicates the bands concerned with amides of proteins; triglycerides and
phospholipids; phosphate and carbonate ions.
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Abstract: Nano-Crystalline Samarium substituted Cobalt Nano ferrites with chemical formula CoSmyFe;xO,
(where X=0.0, 0.010, 0.030, 0.050, 0.070, 0.090 and 0.10) were synthesized by citrate-gel auto combustion
method. Synthesized powders were sintered at 500°C for four hours in air and characterized by XRD, SEM, EDS,
FTIR. X-ray diffraction (XRD) analysis showed cubic spinel structure of the ferrites and the values of lattice
constant (a) and x-ray density (d,) increased with the increase of Sm content. The surface morphology of the
samples was observed by scanning electron microscopy (SEM). An elemental composition of the sample has
studied by Energy Dispersive Spectroscopy (EDS). The FTIR spectra show the two significant absorption bands
in the wave numbers around 400 cm™ and 600 cm™ arising due to the inter-atomic vibrations in the tetrahedral
and octahedral coordination compounds. The observed results can be explained on the basis of composition.

Key Words: Co-Sm Nano ferrites; citrate-gel auto combustion Technique; XRD; SEM; EDS; FTIR.
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1. INTRODUCTION:

Nano spinel ferrites have general formula AB,O, where A is divalent metal ions like Co* , Cd**, Zn**, Ni** and B
is trivalent metal ions like Fe*’, Sm*™, Al*and etc. It constitutes an important class of magnetic materials having
several applications like storage devices, microwave devices, magnetic diagnostic, magnetic drug delivery, and etc.
[1].

These materials crystallize into a cubic closed packed spinel structure of oxygen ions. The cations occupy two
types of interstial sites known as tetrahedral A- site and octahedral B-site, the site occupancy is often depited by the
chemical formula [A™ sFe’*s][A**8Fe’*,5]0”, where the parentheses and square brackets denote A and B sites
respectively, A represents a divalent cation and ¢ is inversion parameter [2]. Among all spinel ferrites CoFe,Oy is an
interesting magnetic material because due to its high coercively and moderate saturation magnetization as well as
remarkable chemical stability, and mechanical hardness and which make it a good candidate for the recording media
[3.4].

2. EXPERIMENTAL DETAILS:

The Cobalt Samarium nano ferrites having the chemical formula CoSmyFe, xO, were synthesized by citrate gel
auto combustion method using the raw materials are .Samarium Nitrate (SmNQOj3), Cobalt Nitrate (CoNO;), Ferric
Nitrate (Fe(NO;); 9H,0), Citric acid (C¢HsO7.H,O) and Ammonia solution (NH3). Thesynthesis of Co- Smnano
ferrites: The Chemicals are weighed according to the stoichiometric proportion; the calculated quantities of metal
nitrates were dissolved in minimum amount of distilled water to get clear homogeneous solution. An aqueous solution
of Citric acid is used as a fuel because; among all other fuels Citric acid has better complexing ability. The metal
nitrate to citric acid ratio was maintained as 1:3 for all the samples, and nitrate-citrate solution is obtained to that
Ammonia (NHj3) solutions are added drop by drop to maintain PH-7.The solution is mixed and heated by continuous
stirring up to100°C for 10-12 hours, then viscous gel is formed, again Water in the mixture is evaporated forming a
dry gel generates internal combustion and forms a brown colored product. Which is a desired Sample, collected ferrite
powder is subjected to calcinations at 500° C for 4hrs these powder are for characterized by XRD, SEM, FTIR and
EDS.

The structural characterization was done by X-Ray Diffract meter Bruker D8 advanced system with diffracted
monochromatic beam with cu ka radiation of wavelength (1.5405A°). The diffraction pattern of Co-Sm between the
Bragg Angles 10° to 80° in the steps of 0.04°/sec.
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The crystalline size was calculated for the sample using the high intensity 311 peak and using DebayScherrer
formula [5] while taking into account the intensity broadening

The Crystalline size of the sample , _ 0.914 [6]. (D
L[ cosO
Where A the wavelength of X-ray is used [7]. B Is the width of diffraction peak i, e. full width half Maximum
(FWHM), 6 is the peak position.
Lattice parameter (a) of the sample was calculated by the formula
a=dx* \h%+ k% + 12[8] ()
Where a is Lattice constant, (hkl) are the Miller indices, d is the inter planner space
The X-ray density of the prepared sample was calculated using the relation
dy = Zg/em’ [9] 3)
Where n is the number of molecules in a unit cell of spinel lattice (n=8), M= molecular weight of the sample, a is
the lattice parameter and N is the Avogadro number.
The experimental density of the prepared samples was calculated by Archimedes’ principle with xylene media using

following relation.
Weight of the sample in air

- x Density of xyl
dg Weight of the sample in air — weight of the sample in xylene ensity ot xylene

The Percentage of Porosity P of the ferrite sample was then determined by employing the relation

P=9%x100 (@)

X
Where d, is the X-ray density &dgis the experimental density,

The distance between the magnetic ions (hoping length) on A-site (Tetrahedral) and B site (Octahedral) is calculated
according to the following relations
dy=025aV3 a4 dg=0.25av2  [10] (5)
The drift mobility (ug) of the charge carrier in the synthesized samples is calculated using the fallowing relation

3. RESULT AND DISCUSSION:

3.1. XRD Analysis A phase analysis using X-ray diffraction technique was performed to conform the formation
of single-phase cubic spinel structure as shown in figure (1) With no extra lines corresponding to any other
crystallographic phase. The results obtained from XRD pattern for all the samples of CoSmyFe, xO, with the (hkl)
values corresponding to the diffraction peaks of different planes (220), (311), (400), (422), (511), and (440) are spinel
cubic phase

The calculated values of crystalline size for the different compositions are given in the table (1).
It can be seen from the table that the values of the crystal size varies from 11nm to 17nm of the various Sm
concentrations

311] 611 [440

Sm(0.10

A A A A h Smi0.0QOE
g A... N N ﬁ Smig.O?Oi
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£
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Fig.1. XRD pattern of CoSmyxFe, xO, nano crystalline ferrites
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Tablel. Crystalline size (D), Lattice parameter (a), X-ray density (dx), Expert density (dg), Porosity (p)

. 0

fgggisiﬁon i ?gmc] e ?%) ;Aite(dA) fite(dB) 7?(“” gZ(Cm-
CoFe,0, 2378 | 8.419 |5222 5.151 1.35 | 3.6454 |2.9761 | 570 364
CoSmyg0Fe1900,4 | 21.95 | 8.428 | 5.227 5.165 1.18 | 3.6493 | 29793 | 574 368
CoSmy30Fe; 9704 | 14.63 | 8.431 | 5.263 5.198 1.23 | 3.6506 | 2.9803 | 570 368
CoSmysoFe; 0504 | 26.75 | 8.441 | 5.286 5.191 1.79 | 3.6549 |2.9838 | 567 362
CoSmygoFe 030, | 21.94 | 8.449 | 5313 5.255 1.09 | 3.6584 |2.9867 | 567 364
CoSmy9oFe10:04 | 21.95 | 8.453 | 5.347 5.271 1.42 | 3.6601 |2.9881 | 570 364
CoSmy joFe; 60;4 17.55 | 8.458 | 5.358 5.298 1.11 | 3.6623 | 2.9899 | 572 352

The lattice parameter values of all the composition of Samarium doped Cobalt nano ferrites have been calculated
from the d- spacing and are given in the table (1). A plot is drown between the lattice parameter vs Samarium

composition is shown in Fig. (2).
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Fig 2. Lattice parameter vsSm composition
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Fig 3. X-ray density vsSm composition

The variation of lattice constant with Sm™* content in CoSm,Fe, O, (where x=0.0, 0.010, 0.030, 0.050, 0.070

0.090 and 0.10) is observed that the Lattice parameter increases with increase in Smcontent. This is attributed to
replacement of smaller ionic radii Fe (0.69A°) by larger ionic radii Sm™ (1.098A°) ions. This linear variation
indicates that the Co-Sm ferrite system obeys Vegard’s law [11].
From fig (3) shows the X-ray density (dx) vsSm concentration, the X-ray density (dx) is depend on the lattice
parameter and molecular weight of the sample. From the table (1) we can observe that molecular weight of the sample
is increases with Samarium concentration and lattice parameter is also increases with the increase of Sm
compositions. This may due to the grater atomic weight of Sm (150.36gm/mol) and lesser atomic weight of
Fe(55.845gm/mo)[12] the sample.
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3.2. Morphology by SEM

Morphology of Co-Sm prepared samples was done by using scanning electron microscope (SEM) as the
instrument Ziess special edition-18 where the secondary electron images were taken at different magnifications to
study the synthesized samples were shown in fig (5)

Fig 5. SEM micrographs of CoSmyFe, xO,ferrites samples at (x=0.0, 0.010, 0.030, 0.050, 0.070, 0.090 and 0.10)

The Sem images show that the particles have an almost homogeneous distribution, and some of the samples are
agglomerated form. It is evidenced by SEM All the samples exhibit a very low porosity and large grain size (52nm-
150nm) that the agglomeration of particles lies in nano region. The particles were observed as uniform grain (in
different SEM images) sizes, the increasing Sm content particle size will be decreases from 0.010 to 0.050, and again
increase Sm content particle size will increases upto 0.10.

3.3. Elemental Analysis by EDS

By using The EDS spectra we observe the chemical composition of prepared samples of the elements present from
the surface to the internal of the solids, and they are used to confirm the homogeneity of the investigated samples. The
spectra indicated the presence of elements (O, Fe, Co, and Sm) without impurities and which indicates the
Completeness of solid state reaction. The EDSmicro graphs of the samples are shown in Fig (6)
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Fig .6.EDS micro graphs of CoSmyxFe, xO4nano ferrites

Elements O Fe Co Sm

Ferrite

Composition Weight % | Atomic % | Weight % | Atomic Weight | Atomic | Weight | Atomi
% % % % ¢ %

CoFe,0, 27.24 57.08 48.55 29.15 2422 13.78 - - --

CoSmyioFe o9 | 28.13 58.47 45.82 27.29 24.71 13.94 1.34 0.30

O,

CoSmy30Fe o7 | 28.60 59.14 45.49 26.94 24.06 13.51 1.85 0.41

O4

CoSmysoFe o5 | 28.28 59.02 44.87 26.83 23.73 13.45 3.12 0.69

O,

CoSmygroFe o3 | 29.72 61.01 42.84 25.20 23.01 12.82 4.44 0.97

O4

CoSmyeoFer o1 | 29.03 60.76 41.64 24.96 2241 12.74 6.92 1.54

O,

CoSmy gFe; 004 | 26.88 57.83 43.14 26.59 24.53 14.33 5.45 1.25

4. FOURIER TRANSFORMATION INFRARED SPECTROSCOPY:

The infrared spectroscopy gives information about the chemical and molecular structure change in ferrites due to the
changes in Fe-O bond during heat treatment or when some foreign atom is introduced in the parent ferrite compound,
Fourier transformation infra-red spectra of Samarium substituted cobalt nano ferrite which were sintered at 500°C
were recorded in the range of 250-4000cm™ at room temperature. In ferrites the bands appearing at the higher wave
number (v; 567-670cm™) is assigned to the tetrahedral site, while the band appearing at lower wave number (v, 352-
368cm™) is assigned to the octahedral site. The higher wave number v, represents the vibration of Fe**-O%in the sub
lattice site-A, while the lower wave number band v, represents the trivalent metal oxygen vibration at the octahedral
B-sites.[13].
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Fig.7. Shows FTIR spectra of the CoSmxFe, xO, ferrite samples (X= 0.0, 0.010, 0.030, 0.050, 0.070, 0.090 and 0.10)

CONCLUSION:

Citrate Gel Auto Combustion technique is a convenient way for obtaining a homogeneous nano sized mixed ferrites, it
is very simple and economical method where no specific heating or cooling rate is required. X-ray diffraction pattern
confirms the formation of cubic spinel structure in single phase with standard data from JCPDS. The crystalline size
of the various Co-Sm ferrites was in the range of 14 to26 nm. The Lattice parameter has increased with the increase of
Sm concentration in Co-Sm, ferrites which indicate that the mixed Co-Sm ferrite system obay the vegard’s law. SEM
micrographs of various compositions indicate the morphology of particles is similar. They reveal largely
agglomerated. EDS data give the elemental % and atomic % in the mixed Co-Sm ferrites and it shows the presence
of( Co, Sm, Fe and O) without impurities and which indicates the completeness of solid state reaction The FTIR
spectra of the ferrite samples in the range of wave numbers from 352 to 670 cm '. The two absorption bands
Observed at (v, 567-670cm™) and (v, 352-368cm™) corresponds to vibrations of tetrahedral and octahedral complexes
respectively.
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Abstract: Green Synthesis and Two-step method have been applied for preparing Indium oxide nanoparticles
and nanofluids respectively with base fluid as Ethylene Glycol. The Indium oxide nanoparticles were obtained
from Indium (111) Acetylacetonate and katira gum as precursors. The effect of surfactant PVP (2-5% volume) and
Albumen protein (1% by volume) on Indium oxide nanofluids (1% by volume) is observed. The Indium oxide
nanofluids were characterized by SEM and EDAX Spectroscopy. The chemical composition and morphology
were done by EDAX and SEM respectively. The effect of PVP and Albumen protein on thermophysical properties
(Thermal Conductivity, Viscosity, Density and Ultrasonic Velocity, Adiabatic Compressibility and Surface
Tension) of Indium oxide nanofluids were observed in the temperature range 30°C to 60°C confirming the
Newtonian behavior of nanofluid.

Key Words: Green synthesis, Indium oxide nanofluid, thermophysical properties, two-step method, , SEM and
EDAX, katira gum mediated, PVP, Albumen.
\ J

1. INTRODUCTION

Nanofluid is a term proposed by Choi in 1995 of the Argonne National laboratory U.S.A. In recent years,
nanofluids have attracted more and more attention [1,2]. Research in nanofluids has many potential applications [3-5].
Most of the reviews were concerned with the experimental and theoretical studies of the Thermophysical properties of
nanofluids [6]. The Two-step method is extensively used in the synthesis of oxide based nanofluids. Several authors
have argued that thermal conductivity enhancement is due to hydrodynamic effect of nanoparticles Brownian motion.
In203 nanofluids are very stable due to the protective role of PVP, as it retards the growth and agglomeration of
nanoparticles by steric effect. PVP is an efficient agent to improve the stability of suspension [7]. Proteins are
polypeptides with a defined conformation whose adsorption change to nanoparticle surface changes with changes in
pH. Adsorption of proteins to nanosurface is influenced by solvation forces, hydrogen bonds Van der Waals
interactions, etc. PVP and Albumen protein act as efficient agents to improve the stability of suspension [8]. Proteins
in vivo are very complex biological systems. Inside the cell the nanoprotein complexes may be processed by different
cellular pathways. Temperature induced structural changes can result in different responses in vitro. Thermal
vibrations cause polymer to lose its structure allowing greater surface area to nanoparticles to take part in heat
transfer.Nanoparticle surface may get pre-coated with specific proteins inside a cellular environment.
Fabrication of In203 nanoparticles and In203 nanofluid with Albumen protein

The stable In203 nanofluid is obtained by using In203 nanoparticles synthesized from Indium (IIl)
Acetylacetonateand katira gum, base fluid (EG), surfactant (PVP) and Albumen protein as shown in the flowchart
(Figure 1) and the different compositions for synthesis are shown in Table below

Inz03 ; PVP : Gelatin

weight ratio Description

0.2 g of In20;: with 0.4 g of PVP and 0.2 g of
Gelatin in 200 ml EG

0.2 g of In.0; with 1 g of PVP and 0.2 g of
Gelatin in 200 ml EG

1:2:1 (Sample-1)

1:5:1 (Sample-2)
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Biosynthesized Base Fluid
In O, nanoparticles of Ethylene glycol
volume % =1 (EG)

Sonication of 30 minutes at room temperature

I

Addition of Surfactant PVP in different
concentrations and Gelatin protein

Sonication of 30 minutes at room temperature

p" adjustment of NaOH (7-8)

Stable Nanofluid of
Indium Oxide (In,O,)

[

" Characterization ‘
|
| , | , |
Physico-Chemical (UV-Vis, Thermo-physical
SEM, EDAX, TEM) (TC, Viscosity, Density)

Heat-transport

Fig:1 Flowchart for the synthesis of In,O; nanofluids using albumen protein

2. RESULTS AND DISCUSSION:

EDAX and SEM Analysis

In Figure 2, the EDAX spectrum of the In,O; nanofluids reveals that the (samplel and sample2)containing
‘In’ and ‘O’ as main constituent components indicate no contamination is present due to PVP and Albumen proteins
and their atomic and weight ratios confirm the literature values. The SEM images of In,O; nanofluids of (samples 1
and 2) show the random distribution of nanoparticles having spherical shape of large surface area with porous nature

is observed.

a.
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Figure 2. EDAX and SEM of sample-1 and sample-2 of Indium oxide nanofluids
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Thermophysical analysis of In203 nanofluids with Albumen protein

Figure 3. represents the voltage versus thermal conductivity. The ratio of Keff/Kb is a non-linear behavior in sample 1
and a sharp increase with increase of voltage for sample 2. It can be explained based on Brownian motion
nanoparticles freed from PVP binding as the temperature increases [195] with increase in temperature nanoparticles
diffuse through the polymer matrix. Thermal vibrations cause polymer to lose its structure allowing greater surface
area to nanoparticles to take part in heat transfer. The enhancement of thermal conductivity with voltage from 40 V of
sample 2 may be due to polymer and Albumen protein ligand binding which are considered as important mechanism
for enhancing thermal conductivity of nanofluid[9-10]and the percentage of enhancement of sample 2 is found to be
30% compared to that of Ethylene Glycol base fluid.

1.204 s

Gelatin 1:5

1.154

1.104

K%

1.05 4

1.004

20 30 40 50 60
Voltage (V)

Figure 3: Voltage vs Thermal Conductivity Enhancement Ratio of In203 nanofluids using Albumen protein

3. DENSITY AND VISCOSITY ANALYSIS:

Figure 4and Figure Srepresents the density vs temperatures ranging from 300C to 600C increases with
increase of concentration of PVP than that of basefluid. Further, it is observed that at higher temperature (50-600C)
density of sample 2 decreases with that of base fluid Ethylene glycol. Figure Srepresents the viscosity decreases with
increase of temperature and that of base fluid which confirms good heat transfer and reduces pressure drop.

1.110 4 Gelatin | ——EG
12
f—1:3
[——1:4
——1:8]

Density "o (glcm'l

T T v v T v T
30 35 40 45 50 55 €0
Temperature (°C)

Figure 4: Temperature vs. Density of In203 nanofluids using Albumen protein

Viscosity ()

30 35 40 45 50 ss 50

Temperature ("C)

Figure 5 Temperature vs. Viscosity of In203 nanofluids using Albumen protein
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Figure 6 :Temperature vs Ultrasonic Velocity of In203 nanofluids using Albumen protein

Available online on - www.ijrcs.org Page 84



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY ISSN: 2456-6683 Special Issue -8, Feb -2018

UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal Impact Factor: 3.449 Publication Date: 25/02/2018
-g 0.58 4 Gelatin EG
— 12|
E _ —1:5
é 0.56
ﬁé 0.55
L§) 0.54 4
2
S 053
2
0.52 T T T T T T T
30 a5 40 45 50 55 60
Temperature (°C)

Figure 7 :Temperaturevs Adiabatic Compressibility of In203 nanofluids using Albumen protein
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Figure 8 :Temperature vs. Surface Tension of In203 nanofluids using Albumenprotein

In figure (6&7) It is observed that as the concentration of PVP increases ultrasonic velocity decreases and
adiabatic compressibility increases with the increase of temperature upto 500c,As proteins contains enzymes and it
will destroy at 550c which is attributed to the fact that strong cohesive interaction forces act among the molecules and
atoms after the dispersion of In203 nanoparticles in PVP and polymer matrix.

In fig (8) the surface tension increases with increase of temperature at about 400C and decreases with increase
of concentration of PVP attributed to good heat transfer.

4. CONCLUSIONS:

We have successfully synthesised the Indium Oxide nanoparticles and nanofluid of (sample 1 and sample 2)
by green and two step method respectively. The dispersed nanoparticle of In203, Albumen protein and different
concentration of PVP and their thermo physical properties were observed. It is found that the thermal conductivity
enhancement and decrement in viscosity with the increase of concentration of PVP causes heat transfer enhancement
in industrial cooling applications.
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Al203 Particles: A New Model Based on Zeta Potential and UV—vis Measurements. Langmuir 2004, 20:10055-10061)
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Abstract: The paper deals with X-ray diffraction analysis of powdered bone of chicken Gallus
gallusdomesticus. The study reports that the major inorganic constituents present in the bone is
hydroxyl apatite. The crystalline size and lattice strain are evaluated.

Key Words: Hydroxyapatite, Bone, X-ray diffraction.
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1. INTRODUCTION

Bone is a dense and constantly changing structure that grows, shrinks and adapts during the entire life time of

animals. Bone tissues are classified into two types, compact and cancellous bones. Femur and Tibia are the examples
of compact bones and scapula and rib are examples of cancellous bones. The anabolic and catabolic process that takes
place in the bone helps in the regulation of mineral metabolism and in the maintenance of the skeleton.
X-ray crystallography is a technique used for determining the atomic and molecular structure of a crystal, in which the
crystalline atoms cause a beam of incident X-rays to diffract into many specific directions. By measuring the angles
and intensities of these diffracted beams, a crystallographer can produce a three-dimensional picture of the density
of electrons within the crystal. From this electron density, the mean positions of the atoms in the crystal can be
determined, as well as their chemical bonds, their disorder, and various other information.

Powder diffraction is commonly used to identify unknown substances, by comparing diffraction data against a
database maintained by the International Centre for Diffraction Data [1]. Therefore it is also helpful in the analysis of
unknown biological samples. Many studies have been carried out to learn the x-ray diffraction analysis of eggshell of
hen, quil, ostrich, which helped in the synthesis of hydroxyapatite. The Hydroxyapatite (HAp) is one of the most
versatile materials used for implantation purpose due to its similarity to natural bone material. Hap has approximate
chemical formula CalO(PO4)6(OH)2 or Ca5(PO4)3(OH), and is the main inorganic constituent of bones in humans.
HAp can be successfully synthesized by reaction of discarded eggshell with tri-calcium phosphate in presence of
steam at 900 degrees Centigrade and subsequent aging for 24 hrs. Synthetic HAp has been successfully used in hard
tissue surgery [2,3]. It is particularly attractive material for the bone and tooth implants since it closely resembles
human tooth and bone mineral and has proven to be biologically compatible with these tissues [4-6]. Many studies
have indicated that HApcermaics show no toxicity, inflammatory, pyrogenetic responses. It has excellent fibrous
tissue formation between implant and bone.[4] It can be revealed stability. The particles are mostly spherical with
nano size [7].

Joschek, et. al., [8] studied the properties of porous hydroxyapatite ceramics produced by the sintering of
bovine bone. They concluded that ceramics are highly crystalline and porous and have an advantage of high
interconnecting pore system and a better drug processing ability.

Gangadhar, et.al., [9] made elemental analysis of ovine scapular cartilage and reported that 13 different
elements are present in which percentage of Carbon, Oxygen and Nitrogen is more and molecular composition in is
inhomogeneous.

SreenivasaRao, et.al.,[10] made studies on human hair by inductive coupled plasma —atomic emission
spectrometry and reported that human hair contains iron, lead, cobalt, nickel, manganese, zinc, copper and calcium.

JayanandManjhi, et.al.,[11] studied the Effect of extremely low frequency magnetic field in the prevention of
spinal cord injury-induced osteoporosis. They investigated the effect of extremely low frequency (ELF) magnetic
field (MF) by electron microscopic study, which revealed the enhancement of microstructural composition and
compactness in cortical and trabecular parts of treated bones.
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Jeevan Kumar, et.al., [12] made studies on identification of trace elements in bovine metacarpus bone by
Spectro - chemical analysis In their studies Analytical methods are described for the determination of major, minor,
and trace elements in bone. Ca, Mo, Pb, Fe, Zn, Cu, Mg, Al, P are identified in the bovine metacarpus bone as major
trace elements and 16 more elements are identified as minor trace elements i.e., Os, Sc, Y, K, Mn, La, Cd, Pd, Ru, Na,
Sn, Pt, Bi, As, Si and Co.

The present study is an attempt to analyze chicken bone powder by using the technique of x — ray diffraction.

2. MATERIALS AND METHODS

The Bone samples of Chicken Gallus gallusdomesticus was separated carefully from the flesh, cleaned
thoroughly and dried under the sun for 3 - 4 days, so as remove free water. The bone was powdered using pestle and
mortar.

X- ray diffraction of femur bone of Chicken Gallus gallusdomesticus was recorded using x-ray diffractometer
(Shimatzu — Maxima XRD 7000) in reflection mode with Cu Ka (A=1.5405 A) radiation. Sample was made into fine
powder for the analysis.

X-rays were produced by a copper target at the voltage 40 kV and current 30 mA. The slits used were
divergence slit of 1° scatter slit of 1%; receiving slit of 0.3 mm. In the scanning set up, Driver axis: 2 8; Scan range: 10
— 80; Mode of scan is continuous scan; Scan speed: 2° min™'; Sampling pitch: 0.02°; Preset time: 0.60 sec.

The size of crystallites, lattice strain and percentage of crystallinity of bone apatite was calculated from XRD
data using the formulae[13],

. . KA
Size of crystallites,L= Boc0s0’
where A = 1.54056 A, K is assumed to be 1

Bo
4 tan®

Lattice strain, € =
Crystallinity (%) = % x 100
t

where A, is total area covered by the peaks and A, is amorphous area (A,) covered by the broad peak alone [13].

3. RESULTS AND DISCUSSION

Table 1 gives XRD data obtained from diffractograms. The data includes 20, d spacing, relative intensity
(I/1p), FWHM, crystallite size (L) and lattice strain (g) of diffraction peaks. The data is of machine (diffractometer)
generated one. The data of chicken bone reveals principal interplanarspacings (d — spacings) around 2.91 A, 2.80 A,
2.21 A, and 1.81 A. At these d spacings, crystallite size and lattice strain are calculated. Average values along with
SD are also tabulated in the table.

20 d /1, FWHM, Crystallite Size, | Lattice strain,
(degree) (A) (%) Bo (degree) | L (nm) €

30.7410 2.90854 100.00 0.4723 18.23 0.0075
31.9092 2.80467 88.94 0.6298 13.71 0.0096
40.7950 2.21196 11.46 0.7396 11.97 0.0087
50.4920 1.80757 44.17 0.8224 11.16 0.0076
Average: 13.77 0.0084

SD: +3.160 +0.001

The principal interplanar spacings (d — spacings) observed in the present investigation reveal the fact that
mineral present in chicken femur bone ishydroxyl calcium phosphate. Further, calcium phosphate present in bone is of
both crystalline and
amorphous in nature. The degree of crystallinity ranges from 50% to 60%.

The broadening of peaks in x — ray diffractograms is because of crystallites of small in size and also
inhomogeneous distribution of their size.
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Abstract: Double perovskite Ba,FeMoOgs samples were prepared by sol-gel method in Ar/H, atmosphere. The

materials were sintered at different temperatures 1200°C and 1300°C. X-ray diffraction studies showed that the
material has cubic crystal structure. The lattice parameter of the samples is found to be 8.0617 and 8.0639 A for
the samples sintered temperature 1200 and 1300°C respectively. The density measurements of the samples were
determined experimentally and calculated theoretically using Archimedes principle and X-ray diffraction data
respectively. The values of density % are found to be 89.80 and 90.16 for Ba,FeMoOg sintered at1200°C and
sintered at 1300 °C respectively. It is known from EDS spectra that the elements Ba, Fe, Mo and O are only
present in the sample and no other elements or impurities are present. The FTIR spectra of Ba,FeMoOg sample
recorded at RT produced three characteristic absorption bands in the range 850-400 cm™ at around (i) 821 cm’
(ii) 634 cm™ and (iii) 475 cm™ corresponds to the Mo-O symmetric stretching mode of MoOg-octahedra, anti-
symmetric stretching mode of the MoOgs-octahedra and Fe-O vibration absorption of FeOg octahedra
respectively, confirms the double perovskite phase of Ba,FeMoOg sample.

Key Words: sol-gel; double perovskite; X-ray diffraction; scanning microscopy.

_J

1. INTRODUCTION

The double perovskite of the type A,BB!Og ( where A is divalent cations such as Sr, Ca and Ba; B is
tri/divalent cations such as Fe, Cr, Ga, Mg and Mn; B'is penta/hexa valent cations such as Mo, Re and W;) have
been extensively studied due to substantial Low Field Magneto Resistance (LFMR) at room temperature that lead to
potential applications of these materials as magnetic field sensors, read heads for magnetic hard disk drives and
nonvolatile magnetic computer memory [1-6]. Many researchers prepared Ba,FeMoOg at different sintered
temperature and as well as different duration of time period [9-12]. Several investigations such as, XRD, SEM,
EDAX, FTIR, Mossbauer spectra, electrical conductivity, Magnetic properties, and Magneto-resistance were done on
BazFeM006 [9-12 ]

In view of this, the authors have taken up to synthesized the Ba,FeMoQOg4 double perovskite at different sintered
temperature like as 1200 °C and 1300 °C. These materials were also characterized by various experiments such as X-
ray diffraction (XRD), Scanning Electron Microscopy (SEM), Energy dispersive X-ray spectroscopy (EDS) and
Fourier transform infrared spectroscopy (FTIR). The authors also observed the effect of sintered temperature on these
studies.

2. EXPERIMENTAL

Double perovskite of Ba,FeMoOs at different sintered temperature like as 1200 °C and 1300 °C were
synthesized by sol-gel method [7, 8]. Stoichiometric amount of analytical reagent grade Ba(NO;), (Barium nitrite),
Fe(NO3);-9H,0 (Ferric nitrate), and H,MoO, (Molybdic acid) are separately taken in beakers. Corresponding
solutions are formed in the beaker while adding about 100 ml distilled water to Barium nitrite and Ferric nitrate.
Ammonium was added to Molybedic acid for converting ammonium heptamolybdate [(NH4)¢Mo0;0,4] latter about 100
ml distilled water is added to get ammonia molybdic solution. The mixture solution was obtained by adding all the
three solutions in a single beaker. Citric acid is added to this mixture in the mole ratio of citric acid to metal ions is
2:1. Adjusted the pH of the mixture solution to 7 by adding dilute ammonia solution. After that the beaker contained
mixture solution is heated on hot-plate at around 80°C using magnetic stirrer for about a day. Ethylene glycol is added
to this solution such that metal ion to ethylene glycol ratio is 1:1.2 and heated until a dark gel is formed. The gel is
transformed into precursors in the continuing heating at the same temperature. These precursors are combusted at
250°C using Bunsen burner to get dried loosely powders. The loosely powder are grinned using Agate Motor. Later
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the powder are taken into a crucible and heated at 500°C/6 hrs, 700°C/6 hrs, 900°C/6 hrs and 1100°C/6 hrs in a
furnace with intermittent grinding. These powders are then pressed into pellets of 1 cm diameter and about 2mm
thickness using a die with hydraulic press by applying a pressure of 1 ton. These pellets are sintered at temperatures
1200°C and 1300°C for 6 hrs. Finally double perovskite of Ba,FeMoOg at sintered temperature 1200°C (BFMO1) and
Ba,FeMoOg at sintered temperature 1300°C (BFMO2) materials were made when the pellets were annealed at
1000°C in a stream mixture of gas (10% H, + 90% Ar) for about 3 hrs for loss of oxygen or reducing the Mo®* to
Mo’*. These pellets were subjected to X-ray diffraction studies using Philips PW 1830 diffractometer with Cu-Ka
radiation (40 kV x 25 mA) to confirm the crystal structure. Surface morphology of the samples was found using the
scanning electron microscope (Model No. Joel JSM-5600) with combined micro analyzer. Fourier transform infrared
spectra of the samples were recorded on Bruker Tensor 27 DTGS TEC detector spectrophotometer in the wave
number range 400-1000 cm™ by the KBr pellet method.

3. CHARACTERIZATION
Fig. 1. shows X-ray diffraction patterns of BFMO1 and BFMO2 samples obtained at room temperature.

Analysis of X-ray diffraction data indicates that these samples comprise a single phase and crystallize in the cubic

double perovskite structure with a space group Fm3 m [13]. All the diffraction peaks of corresponding to BFMO1 and
BFMO2 are shown in Fig. 1. The lattice parameter ‘a’ of BFMO1 and BFMO2 samples has been evaluated using the
lattice planes with (h k 1) values of (200), (220), (222), (400), (420), (422), (440), (620) and (622) and corresponding
Bragg angle (20) positions of X-ray diffraction profiles with suitable POWD computer program. The unit cell
volume (V = a*) of BEMO1 and BFMO2 was calculated using the calculated lattice parameter ‘a’.The values of lattice
parameters (a) are 8.0617 A and 8.0639 A for BFMO1 and BFMO2 respectively. The obtained unit cell volumes are
523.93 A’and 524.36 A* for BFMO1 and BEMO2 respectively. It is observed that the lattice parameter and unit cell
volume of the sample increases with increase of sintered

temperature.
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Fig.1. XRD of BFMO1 and BFMO2 samples. Fig. 2. SEM photographs of BFMO1 and BFMO2 samples.

Fig. 2. show the scanning electron micrographs of Ba,FeMoO, samples sintered at different temperatures as
1200°C and 1300°C. It was observed that porosity is present in the samples as evident in Fig. 2. The pore size of the
samples decreases with increase of sintered temperature. The pore size is small and material is closely packed with
fewer voids. Some holes defects were observed, but they were probably formed during sample breaking for SEM
investigations [14].

The experimental density (d,.,) of the BFMO1 and BFMO2 samples was measured by the Archimedes principle
using the relation:
m,
dexp =—X dx
my, —m,
where, m, is the weight of the sample in air, m; is the weight of the sample when immersed in liquid xylene and d is
density of xylene [d, = 0.865 gn1/cm3]. The theoretical density (d;;,) of the BFMO1 and BFMO2 samples from XRD

was calculated using the following expression:
_M
NV

where, z is the number of molecules in unit cell of the crystal (z = 4 for cubic), M is mass per formula unit (gm), N is
Avogadro number (N = 6.023x10% mol™), V is unit cell volume (cm®) as determined by XRD. From the values of

dth
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density evaluated experimentally and calculated theoretically using X-ray data, one could estimate the percentage of
porosity (P %) and percentage of density (d %) of the sample which is calculated by following equations:

d
P(%) = % and d(%) =100 — P(%)
th

The values of d,.,, dy, P (%) and d (%) of BFMO1 and BFMO2 sample were calculated and are given in Table 1.

Table 1. Values of d,.,, du, P (%) and d (%) of the BFMOI and BFMO2 samples

Samples m,(gm) m,(gm) diep(gm/em’) | dy(gm/em’) | P (%) | d (%)
BFMO1 0.8318 | 0.7108 5.9463 6.622 10.20 | 89.80
BFMO2 0.2910 0.2488 5.9648 6.616 9.84 |[90.16

Energy dispersive X-ray spectroscopy (EDS) was used to determine the elemental composition of the samples. In
the present study, EDS studies of BFMO1 and BFMO2 samples were carried out and the results are shown in Fig. 3(a,
b). EDS analysis showed that the elements Ba, Fe, Mo and O are present in the samples. It was observed that there
were no other elements or impurities in the samples as evident in the EDS spectra.

Spactram 1

BFMO1
BFMO?2

Q 1 2 3 4 5 B T 4 o 1 ] 3 f 5 N 7 ]
ol Socenbe 10000 &% Cursor: 0000 k Fual Sebe {0060 s Curmaod: 010080
Fig. 3(a ). EDS of BFMOI1 sample Fig. 3 (b). EDS of BFMO 2 sample

Figure 4 shows FTIR spectra of the BFMO1 and BFMO2 samples in the spectral wave-number range 1000-400
cm’'. The FTIR spectra of the perovskite structure have three characteristic absorption bands between 850- 400 cm™,
respective to composition and these are usually used to identify the perovskite phase formation from the FTIR spectra
of the BFMO1 and BFMO2 samples[15]. In the investigation three bands for Fe and Mo are detected. The first strong

band in the high-wavenumber y ) )
Range ~ 821 cm™ associated to the Mo-O symmetric

stretching mode of MoOg-octahedra. The second band at ~
634 cm™ assigned to the anti-symmetric stretching mode of
the MoOg-octahedra due to the higher charge of this cation
[16]. The Mo-O symmetric stretching mode of MoOg-
octahedra at about 821 cm™ is usually an infrared inactive
vibration, but in double perovskite, both Fe and Mo ions
exist in Fe and Mo sites, it becomes partially allowed due
to lowering site symmetry. The third weak absorption band
at about 475 cm™ is ascribed to Fe-O vibration absorption of
. FeOg- octahedra. These bands confirm the formation of
= double perovskite phase of the present samples.
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Fig. 4. The FTIR spectra of BFMO1 and BFMO2 samples.

4. CONCLUSIONS

It is noticed that the lattice parameter and unit cell volume of BFMOI1 is lower than BFMO2 sample. The
density % of BFMOLI is less the BFMO2 samples. The pore size of the samples decreased with increase of sintered
temperature from 1200 °C to 1300°C. It is found from EDS results that no other elements are present in BFMO1 and
BFMO2 samples. The three characteristic absorption bands are found in FTIR spectra of Ba,FeMoQOg between 850-
400 cm™. These bands confirm the formation of perovskite phase of the present samples.
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Abstract: Double perovskite type materials A,FeMoOg (A= Sr and Ba) were synthesized by sol-gel method under

HyAr atmosphere at temperature 1000 °C. The materials were analyzed by X-ray diffraction (XRD) and it is
found that double perovskite material crystallized in tetragonal structure for SroFeMoOg and cubic structure for
Ba,FeMoOy. Variation of porosity and grain size behavior of samples has been studied by scanning electron
microscopy (SEM). The spectra from Energy dispersive X-ray spectroscopy (EDS) showed that all the elements
Sr, Ba, Fe, Mo and O are present in the samples and there are no impurities in the materials. It was found from
electrical conductivity results in the temperature range from 5-300 K that conductivity of Ba,FeMoOgs sample
increased compared with SryFeMoQOgs. Both samples showed semiconductor to metallic behavior in the
temperature range 5-300 K.

Key Words: Double perovskite; sol-gel; crystal structure; spectroscopy; conductivity;

1. INTRODUCTION

Double perovskite materials were extensively studied owing to their important applications such as magneto-
electronics, magnetic media, electrical conductors, microelectronics, telecommunications, thermoelectric, magnetic
sensors and magnetic read/write heads [1-6]. The general formula of double perovskite is A,BB'Og, where A is Sr or
Ba or Ca atom and, B and B' are transition-metal atoms. The choice of B' and B atoms provides a tunable B'-O-B
magnetic interaction, which gives rise to a variety of transport and magnetic properties [4]. The A,FeMoOg
compounds crystallize in tetragonal structure with space group 14/mmm for Sr,FeMoQOg and in cubic with space group

Fm3m for Ba,FeMoOg [1, 7]. The structure of A,FeMoOg compound can be viewed as a continuous, regular
arrangement of corner sharing MoOg and FeOg octahedra, alternating along the three directions of the crystal, with the
‘A’ cations occupying the voids in between the octahedra [1, 6]. Many studies were done to understand the
characterization, transport and magnetic structure of A,FeMoOg (A=Sr, Ba,) double perovskite material prepared by
solid state method [2-8]. However, there were no conductivity studies reported on A,FeMoOs (A=Sr and Ba)
prepared by sol-gel method . In view of this, the authors have taken up to synthesize the A,FeMoOg (A = Sr and Ba)
double perovskite and perceived that how the conductivity results reflected by placing Ba and Sr at A-site in
A,FeMoQOg. These materials were also characterized by X-ray diffraction (XRD), Scanning Electron Microscopy
(SEM) and Energy dispersive X-ray spectroscopy (EDS).

2. EXPERIMENTAL

Double perovskite of A,FeMoQOg (A = Sr and Ba) material were prepared by sol-gel process [9, 10]. The
analytical reagent grade Sr(NO;),, Ba(NOs), Fe(NO;);:9H,0 and H,MoO, are separately taken in beakers.
Corresponding solutions are formed in the beaker while adding about 100 ml distilled water to strontium nitrite (or
barium nitrite) and ferric nitrate. Required quantity of ammonium was added to H,MoQO, for converting ammonium
hepta molybdate, latter about 100 ml distilled water is added to get ammonia molybdic solution. The solution mixture
was obtained by adding all the three solutions in a single beaker. Citric acid is added to solution mixture in the mole
ratio of metal to citric acid ions is 1:2. While ammonia solution is added to the above mixture and pH is adjusted to
7(neutral). After that the beaker containing solution mixture is heated on hot-plate at around 80 °C using magnetic

Available online on - www.ijrcs.org Page 93


mailto:markphysics@gmail.com

INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY ISSN: 2456-6683 Special Issue -8, Feb -2018
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal Impact Factor: 3.449 Publication Date: 25/02/2018

stirrer for a period of 24 hours. Ethylene glycol is added to solution mixture when solution mixture level reduces to
one by fourth of initial level. Ethylene glycol to metal ion ratio is maintained as 1.2:1, continuously heating to
solution mixture until a dark gel is formed. The gel is transformed into precursors in the continuing heating at the
same temperature. These precursors are combusted by Bunsen burner at 250 °C to get dry and loose powders. These
loose powders are ground using Agate Motor. Later the powder are transferred into a crucible and the powder is burnt
at 500 °C/6 hrs, 700 °C/6 hrs, 900 °C/6 hrs and 1100 °C/6 hrs in a furnace with intermittent grinding. These burnt
powders are then pelleted into discs of 1 cm dia and about 2mm thick using a steel die at a pressure of 1 ton. The disc
pellets are sintered at temperature 1200 °C for 6 hrs. Finally double perovskite of A;FeMoOg (A= Sr and Ba) materials
were formed and annealed at 1000 °C in mixture of gas flow (10% H, + 90% Ar) for a period of 3hrs to reduce the
Mo® to Mo™.

These double perovskite materials are exposed to X-rays using Philips PW-1830 diffractometer (40
kVx25mA and Cu-Kao radiation) with a graphite mono-chromator to confirm the crystal structure. A step scan
mode was done with a step width of 26 = 0.02° and 1sec duration of sampling time. The surface morphology and
micro structural studies of these materials were analysed using the SEM with (Model No. Joel JSM 5600) combined
micro analyser. The elemental analysis of these materials was also determined by EDS (Model: OXFORD). Low
temperature electrical conductivity studies were made for these materials in the temperature range 5 to 300 K using
the standard four probe method by OXFORD superconducting system.

3. RESULTS AND DISCUSSION
3.1. Characterization

Figure.1 shows the X-ray diffraction (XRD) of A,FeMoOg (A=Sr and Ba) materials. The X-ray diffraction
patterns of these materials were analysed. It is found from indexed X-ray results that the Sr,FeMoOy material
crystallizes in tetragonal structure with space group /4/mmm and Ba,FeMoOg material crystallizes in cubic structure

with space group Fm3 m[5, 11]. Lattice parameters of A,FeMoQOg (A=Sr and Ba) materials were calculated using
Bragg angles and (hkl) values in the Cohen’s least square method with help of CELEN computer program [10]. The
unit cell volume (V) of A,FeMoOs (A=Sr and Ba) were also determined by the formula V= a’c and V=a’ for
tetragonal and cubic respectively. The values of lattice parameters, unit cell volume are ‘a’=5.574 A, ‘c’=7.909 A,
‘V’= 245.73(10%)3 for Sr.,FeMOg and ‘a’ = 8.073 A Vv’=526.14 (A)3 for Ba,FeMOg respectively. It is understood
from XRD analysis that crystal structure changes from tetragonal to cubic when Sr element replaced by Ba element at
A-site in the A,FeMoQg double perovskite. Lattice parameters and unit cell volume of Ba,FeMoOy are greater than
the Sr,FeMoOg. It is due to the ionic radii of Ba** is larger than Sr**.
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Figure 1. X-ray diffraction patterns along with (hkl) values of Sr,FeMoO, and Ba, FeMoO, materials

Figure. 2 shows the SEM photographs of A,FeMoOg (A= Sr, Ba) materials. It is seen from Figure.2 that slight
porosity is present in the materials. The pore size is very small and material is closely packed with fewer voids. The
grain size of Sr,FeMoOg sample is slightly smaller than the Ba,FeMoOg.

Available online on - www.ijrcs.org Page 94



ISSN: 2456-6683
Impact Factor: 3.449

INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal

Special Issue -8, Feb -2018
Publication Date: 25/02/2018

Figure. 2. SEM Photo graphs of Sr,FeMoOg and Ba,FeMoQOg materials

EDS of A,FeMoOg (A= Sr, Ba) materials are shown in Figure.3. The results from EDS analysis showed that the
elements Sr, Ba, Fe, Mo and O are present and no new impurities exists in the present double perovskite materials.
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Figure. 3. EDS pattern of Sr,FeMoQOg and Ba,FeMoOg materials

3.2. Electrical conductivity

Variation of electrical conductivity (o) of A;FeMoOg (A= Sr, Ba) as function of temperature in range 5-300
K is shown in Figure.4. It is observed from Figure.4 that the both material exhibits as the transition from
semiconductor to metallic nature between temperatures 5 to 300 K [12-15]. The semiconductor-metal transition
temperature (Tgsy)are measured from Figure.4. The Sr,FeMoOg material exhibits a semiconducting behavior below
transition temperatures 179 K, and a metallic behavior above the same transition temperature. It is expected from the
graph of Figure. 4 that the semiconductor-metal transition (Tsy) is 50 K for Ba,FeMoOg material. It is noticed that the
value of Tgy for Ba,FeMoOg decreases compared with  Sr,FeMoQOg.  Since the resistivity (1/conductivity) of
Ba,FeMoOQg is lower than Sr,FeMoOg material in the entire temperature range from 5 to 300 K, hence the Tgy of
Ba,FeMoOg shifts towards lower temperature region because it has low resistivity.
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Figure.4. Variation of conductivity with temperature from 5-300 K for Sr,FeMoO, and Ba,FeMoO,

It is also seen from Figure. 4 that conductivity (o) for Sr,FeMoOg is found to be in the range 144-187 (Q-cm)
' The value of & is larger for Ba,FeMoOg compared to Sr,FeMoQg, which is of the order ranging from 232-526 (Q-
cm)’. The difference may be attributed the effect of grain boundary, which appear to influence the conductivity of
these present samples [12, 16]. The increase in conductivity regime may be attributed to the decrease in dis-orderness
in grain boundaries by substituting Ba element at the place of Sr in A,FeMoOg. This corresponds to lowered the
scattering of charge carriers, which leads to carrier localization and higher conductivity of the material [6, 17]. It may
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be also expected that Ba®* acts as a low barrier to electron transport, growing the number of pathways for electron
percolation [18].

The A,FeMoOg (Sr, Ba) materials have semiconductor nature at low temperature and they shows metalic
behavior in the high temperature rigime. The elecrons in Fe®* ions move in foward direction (spin up) and the
electrons in Mo™* ions moves in reverse direction (spin down) in A,FeMoO, double perovskites with temperature.
Since the conductivity of the materials is not linear with temperature and the behavior of material tranform from
semiconductor to metalic state.

4. CONCLUSIONS

The value of lattice parameters and unit cell volume of Ba,FeMOg is greater than the Sr,FeMoOg. Structural
changes occurred from tetragonal to cubic when Sr element replaced by Ba in A,FeMoQOg. The conductivity of
A,FeMoO¢ material improved by substitution of Ba at A-site in A,FeMoOg in the place of Sr. The grain size of
Ba,FeMoOg material is slightly improved compare to Sr,FeMoOs.
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Abstract: Mixed alkali borosilicate glasses doped with 5% Titanium oxide were synthesized by rapid cooling of
bubble free melt in air and their physical parameters were calculated using measured density values. XRD
spectra confirm the amorphous nature of samples. FTIR spectra confirm the presence of both BO, tetrahedra,
BO; triangles, B-O-B linkages and Q,, Q; units of Silicon. The absence of peak at 806 cm™ indicates the absence
of boroxol ring formation, suggests that the present glass system consists chain type meta borate group.

Key Words: Borosilicate glasses, Xylene, TM ions, Diborate

1. INTRODUCTION

Borosilicate glasses are widely used in many applications, from chemically resistant containers to structural
members, and sealing glasses to nuclear waste immobilization. Transition metals effectively change the optical and
thermal properties of glasses. Titanium dioxide highly efficient at photo catalysing dirt in sunlight, non-toxic,
chemically inert in the absence of light, inexpensive [1].

2. EXPERIMENTAL
2.1 Sample preparation

Transparent Borosilicate glasses of composition xNa,O-(30-x)K,0-40Si10,-30B,03-5Ti0,(5<x<25) ,where x
was varied from 5 to 25 in steps of 5 keeping total alkali concentration remain 30 mol% in all samples were prepared
by conventional melt-quench method. Analytical grade SiO,, B,0;, K,CO; Na,CO;, TiO, were used as starting
materials. The weighed chemicals were mixed and grinded thoroughly to obtain a homogeneous mixture and was
taken in a silica crucible and melted in high temperature furnace at 950°C temperature up to 25-30 minutes until a
bubble free liquid was formed. The melt was then quenched to room temperature in air by pouring it on a brass slab
and the obtained glasses are annealed about 3 hours at 450°C.

Table 1.The Details of composition (mol %) of present Glass samples

Glass code x
(Na,O Concentration ) Glass system
X5 5 Na,0-25K,0-35S10,-30B,05-5Ti0O,
X0 10Na,0-20K,0-35S10,-30B,03-5TiO,
X5 15 Na,0-15K,0-355i0,-30B,0;-5Ti0O,
X 20Na,0-10K,0-35S10,-30B,03-5TiO,
X5 25Na,0-5K,0-35Si0,-30B,05-5Ti0,

2.2 Physical Parameters

Density of glass samples was measured at room temperature by Archimedes principle by using Xylene as
immersion liquid. Using density and the molecular weight values of the samples Physical parameters are evaluated by
conventional formulae.
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2.3 X-ray diffraction (XRD)

XRD patterns of glass samples were recorded on powder X-ray diffractometer using Cu-K,, radiation for
checking amorphous nature of present glass samples.
2.4 Infrared spectra

Glass does not possess long-range order, so no theory of vibrations is available for the interpretation of
infrared spectra. But researchers have attempted by simple approaches to correlate certain bands with the presence of
certain structural units in glass. The IR absorption spectra of samples were recorded at room temperature between
wave number ranges 400-4000cm™.

3. RESULTS AND DISCUSSION
3.1 Structural effects on Physical parameters

From glass samples x=5 to x=25 as sodium (Na) cation concentration was increased, Na ions replace some of
potassium (K) ions. Na cation size is smaller than K cation, it strongly attracts oxygen atoms reducing molar volume.
Due to the shrinkage of glass network density of glass sample should increase from x=5 to x=25, was evident by the
calculated values of molar volume of present glass samples except for x= 25. For x=25 density slightly decreases may
be due to structural changes in glass composition and diffusivity of alkali ions [5].

As due to the reduced molar volume the number of transition metal ion per unit volume (TM ion concentration,
N,) must increase. This leads to decrease the separation between TM ions also (inter ionic distance, ri). Field strength
of TM ions also should increase due to reduced molar volume V. All these theoretical analysis was exactly proved
from the calculated values of physical parameters for the present glass system and are in agreement with the previous
studies.

Table 2.Physical parameters of Titanium oxide doped xNa,0-(30-x) K,0-355i0,-30B,0;--TiO, glasses

Physical parameter(units) Glass code
Xs | [ X Xis Xa0 Xos

Average molecular weight (g/mol) 72.56 70.94 69.33 67.72 66.11
Density p (g/cm’) 2.17 2.24 2.31 2.41 2.38
molecular volume(cm’®) 33.37 ‘ 31.66 29.94 28.11 27.77
Concentration N; (10*' ions cm™) 7.21 7.01 8.03 8.55 8.66
Inter ionic distance r; (A°) 2.40 2.43 2.32 2.27 2.264
Polaron radius r, (A°) 0.968 0.977 0.934 0914 0911
Optical basicity (Ag) 0.2479 0.2445 0.2423 0.24 0.238
Field strength F (10" cm?) 4.07 4.05 4.14 4.18 4.19

3.2 XRD Analysis The X-ray diffraction pattern consists of only
broad peak, no specific peak of any element
confirms the amorphous nature of present

investigating system as glass.

uuuuu

intensity

Figl: X-ray diffractiogram of 5Na,0-(25)K,0-355i0,-30B,03;-5TiO; glass

3.3 Infrared spectroscopic study of glasses

These vibrational spectra are due to the structural grouping rearrangements with changes in glass composition

Table 3. Wavenumber assignment of infrared transmittance band of present glass system.

S.No Xi:f) number Assigned band
450 Si-O-S vibrations of SiO, tetrahedra
2 467 Si-O-S
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3 669 bending mode of B-O-Si
4 719 bending motion of B-O-B center
5 767 6 membered borate group, conversion into BO,
tetrahedra
6 875 stretching vibrations of tetrahedral BO, units
7 1020 Si0O, with one NBO
8 1,050 asymmetric vibration of Si-O
9 1259 B-O-B bond constituting the linkage of Boroxol to
neighbours
10 1438 antisymmetric stretching vibration of BO;
11 2924 hydrogen bonding with titanium (metal) oxide
12 3421 fundamental free stretching vibrations of -OH
'Ml N A
60 — \Vj @\\ L /\, l /ww%
! ! / 2
\ \ / ‘U /
1\‘“’%/#\ \‘/
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Fig2: FTIR Spectra of xNa,0-(30-x) K,0-40Si0,-30B,0;- 5TiO,

The Si-O-Si band at 450 cm”, the B-O-B band at 720 cm™ observed in present glasses are in agreement with the
earlier reports of FTIR spectra on borosilicate glasses. [6-7]. The band at 720 cm-I arises from a bond bending motion
of the B-O-B centres within the network. Diborate linkage of B-O-B, both boron atoms are tetrahedrally coordinated
with triborate structural units. In the present glass system any isotopic shift of intensity was not found, so the
concentration of B-O-B bands is same in all glass samples [6, 8]. The weak band at 669 cm™ is due to Si-O-B
vibration [6]. The peak observed at 765 cm''is due to the vibration of the six-membered borate ring [9]. The strongest
band at 1050 cm™ has been assigned to the asymmetric vibration of the Si-O [10, 11].

In this investigating glass samples Alkali/ boron ratio is > 0.5 and SiO, mol% is 35% so the glass may consists of
diborate, metaborate and SiO, (4 bridging oxygens), SiO4 (one non bridging oxygen) units which was confirmed by
the bands present in FTIR spectra [12]. The absorption band at 1259 cm™ in the spectrum has been assigned to the
bond stretching vibration of the boron against the oxygen (B-O-B) [13]. A broad band near 421 cm ' was resulted from
the stretching vibrations of Si—~OH or Ti—OH groups [14-15].

4. CONCLUSIONS

As the sodium oxide content increases in present glass samples their density, TM ion concentration, field
strength are increasing and molar volume, inter ionic distance are decreasing. From FTIR spectra the presence of of
Q4, Qs units of Si-O-Si band, B-0-B bands of N4, N; of borate and weak Si-O-B band, molecular water and the
absence of ring type Boroxol was confirmed.
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Abstract: Nano technology is a new novel focus of research which is evolved from convergence and coalescence
of many diverse scientific disciplines. It is a general term for the creation, application and manipulation of
structures. The use of nano particles plays an effective role in drug delivery. To reduce the problems of gene and
drug delivery, nanotechnology is used in medicine known as Nono medicine which reduces the side effects and
toxicity of classical drug delivery. One of the main objectives of this nano medicine is to create medically useful
nano devices that can be used to treat various diseases inside the body. In this context, the author wants to discus
about various developments in drug delivery using nano particles to treat a wide variety of diseases specifically
for cancer therapies. Finally, the author also wants to introduce challenges and strategies of nanotechnology in
future to overcome limitations in this field.

Key Words: Nanotechnology, nanomedicine, drug delivery, cancer therapy.
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1. INTRODUCTION:

Nanotechnology involves a convergence in various areas of science. It not only includes medicine but also
includes physics, chemistry, biochemistry, and molecular biology. It is defined as the development of small devices
which will be in the range of range of 1 to 100 nm. Such nano-devices can offer to the clinical practice of medicine in
general, and to oncology in particular. It is a general term for the creation, application and manipulation of structures.
The use of nano particles plays an effective role in drug delivery. To reduce the problems of gene and drug delivery,
nanotechnology is used in medicine known as Nano medicine which reduces the side effects and toxicity of classical
drug delivery. One of the main objectives of this nano medicine is to create medically useful nano devices that can be
used to treat various diseases inside the body.

Nanomedicine is a branch of medicine that applies the knowledge and tools of nanotechnology to the
prevention and treatment of disease. Nanomedicine involves the use of nanoscale materials, such as biocompatible
nanoparticles and nanorobots, for diagnosis, delivery, sensing or actuation purposes in a living organism.
Nanomedicines have been investigated for the drug delivery to treat a large variety of diseases. This industry mainly
focusses on oncology-based nanomedicinal therapeutics only, the main aim of these nanomedicines is to improve the
therapeutic index of anti-cancer drugs by modifying their pharmacokinetics and tissue distribution .In the enhanced
permeability and retention (EPR) effect, and liposomal doxorubicin was the first anti-cancer nanomedicine approved
by the FDA in 1995.

Examples of anti-cancer nanomedicines in clinical trials which are in market.

Nanomedicine | Drug Product name/company Indication Phase
type
Liposomes Doxorubicin Teva Metastatic breast | Approved
cancer
Janssen Ovarian cancer Approved
Celsion Refractory chest | Phase III
wall breast
cancer
2B3-101/2-BBB Medicines BV Brain metastases | Phase II
Glioma
Vincristine Spectrum Pharmaceuticals leukaemia Approved
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Cisplatin Regulon Non-small  cell | Phase III
lung cancer
ALZA Pharmaceuticals Ovarian cancer Phase 11
Aronex Pharmaceuticals Malignant Phase 11
mesothelioma
Paclitaxel Insys Breast cancer Phase 11
Polymeric Fluorouracil Cerulean Renal cancer | Phase II
conjugates Small cell lung
cancer
Ovarian cancer
Acute
Baxalta Iymphoblastic Approved
leukaemia
CTI Biopharma Ovarian cancer | Phase 11T
maintenance
Phase 11
Nektar Metastatic breast | Phase III
cancer
Cerulean Ovarian cancer Phase 11
Mersana Gastric cancer Phase 11
ProLindac™ Ovarian cancer Phase 11
StarPharma Advanced Phase 1
cancers
Cristal Therapeutics Solid tumours Phase I
Polymeric Mrthotrexate BIND Therapeutics Cervical cancer | Phase Il
nanoparticles Bladder cancer
Mrthotrexate AstraZeneca Advanced solid | Phase I
tumours
Polymeric Pafitaxel Samyang Biopharmaceuticals lung cancer | Approved
micelles Ovarian cancer
NanoCarrier Stomach cancer | Phase III
Breast cancer
NanoCarrier™ Solid tumours Phase 1
4 N
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For drug delivery and cancer chemotherapy the ideal nano-carrier should

@) stabilize without modifying the pharmacological activity of the drug,
(ii) Prevent premature metabolic degradation of the drug

(ii1) Release the drug at the intended site/tumor, and

@iv) Exhibit similar or lower toxicity than that of the free drug.

2. NANO-CARRIERS FOR ONCOLOGY:

Cancer is defined as uncontrolled and unregulated tissue growth results in malignant tumors which spreads to
other locations from the initiation location and effects other adjacent organs , making the disease life threatening . In
spite of many advances in cancer treatment, one of the biggest challenges in cancer treatment is that the normal cells
should not get damaged while destroying malignant tumors. In most of the therapy cases drug will be distributed
throughout the body, as a result, higher dosages are required. That is the reason why the cancer treatment will be
expensive. To overcome the problems which are faced in current methods, scientists are trying to increase
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proliferation activity of cancer cells by adopting targeted therapy which uses nano materials. The excellent examples
are:
Laser technique :

Lasers are most commonly used to treat superficial cancers like skin cancer, cervical, penil, vulvar, and lung
cancer.

There are two types of Laser therapies:

Laser-induced interstitial thermotherapy (LITT) which is used in cancer treatment. It uses heat to shrink
tumors and kills cancer cells and Photodynamic therapy (PDT) is the laser therapy which uses a drug called photo
sensitizer which is directly injected into patient body and it will be absorbed by all the cells inside the patient body.
Then after few days the laser light is used to destroy the cells.

Imaging technology:

Imaging technology has also brought a new dimension to diagnostic procedures like CT scans, MRIs and
other techniques which have had a huge impact on the diagnosis. It displays the internal structure of the body
including abnormal material, so that the doctor can see the state of the body directly and treat with precision.

Bio Sensors:
A Bio sensor is an analytical device containing an immobilized biological material which can interact with an
analyte and produce physical, chemical or electrical signals that can be measured
* The substance which we want to analyse is called analyte
* Biological material may be anything from biological origin such as enzyme, antigen, antibodies, microbials
etc
» The analyte will react with the biological substance as a result a sort of signal will be produced that may be
Mechanical or electrical, this can be measured which gives the idea regarding the concentration of analyte.

3. THE CHALLENGES AND STRATEGIES IN DRUG DELIVERY USING NANOTECNOLOGY IN
FUTURE:
Safety Concern

Few nanotoxicity investigations led to the speculation that nanomaterials may contribute to the formation of
free radicals which damage of brain cells and penetrates through the epidermis into areas of the body that are more
liable to toxic effects. Several mechanisms have been proposed to affect the toxicity of nanomaterials,

Thus, nanomaterial toxicity should be considered relative to the patient population, as well as the entire
manufacturing and disposal processes. Based on safety concerns, the establishments of standards or reference
materials and testing protocols that can provide benchmarks for the development of novel classes of materials are
needed.

Economic & Financial Barriers

Economic and financial barriers can also stand in the way of implementing nanomedicine. Because of the
high development costs of nanodrugs and medical devices, startup companies have little chance of bringing products
to the market without support from 'Big Pharma', which is able to provide the financial resources and expertise needed
to achieve regulatory and commercial success.

Biological Understanding

In order for bionanotechnologies to progress toward human applications, a better understanding of the
mechanisms is needed. Current delivery systems suffer from some major hindrances like rapid clearance by the
immune system, low targeting efficiency etc,. To overcome these obstacles, a full understanding of the basic science
is needed which will result in achieving the ability to control and manipulate drug delivery.

Manufacturing Issue

Another challenge facing nanodrug delivery is the large-scale production of nanomaterials it is much easier to
modify or maintain the size or composition of nanomaterials at the laboratory scale for improved performance than at
a large scale. The biomedical community should rethink the level of control needed when working with
nanomaterials. Rather than requiring perfect control of the physical dimensions of nanomaterials, a statistical
approach may be adopted in order to establish a metric for classifying nanomaterials by material type, average size,
aspect ratio and standard deviation.

4. CONCLUSION:

It is noticeable that nano drug delivery systems have great potential to overcome the barriers to target of cells
and molecules in cancer treatment. There is a possibility to overcome problems of drug resistance .The challenge,
however, remains the precise to ensure that these molecules are expressed only in the targeted organs to prevent
effects on other parts of the body. Furthermore, because nanosystems increase efficiency of drug delivery, the doses
may need recalibration. Nevertheless, the future remains wide open and exciting.
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Abstract: Silver/poly (vinyl alcohol) (Ag/PVA) nanocomposite films with different concentration of AgNO3
(Ix107 M, 5x10° M and 1x10" M) were prepared using solvent evaporation method. Synthesized Ag/PVA
samples were exposed to gamma radiation of dose 75 kGy. The samples were characterized through UV—Visible
spectroscopy, XRD, FTIR, FESEM and EDAX. The absorption spectrum of the film shows the surface plasmon
resonance (SPR) peak at 427 nm, confirming the formation of Ag nanoparticles in PVA matrix. The X-ray
diffraction analysis reveals the presence of silver metal in face centered cubic (fcc) crystal structure. The change
in chemical interaction was analyzed with the help of Fourier Transform Infrared Spectroscope (FT-IR). The
morphology of samples was studied using Field Emission Scanning Electron Microscopy (FESEM). The
presence of Ag was confirmed by the Energy Dispersive X-ray Spectroscopy (EDX) elemental analysis. The
synthesised nanocomposite was subjected to gamma radiation to study the optical and structural changes of
Ag/PVA nanocomposites. The discussions on optical and structural changes are presented in this paper.

Key Words: Nanocomposites, plasmon, PVA solution
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1. INTRODUCTION

Nanotechnology exactly means any technology performed on a nanoscale that has applications in the actual
world. Gamma irradiation offers many advantages for the preparation of metal- nanoparticles. Large number of
hydrated electrons produced during y-irradiation can reduce the metal ions to zero valiant metal particles [3]. An
outline made by many authors suggested that irradiation cause a chemical change in polymers, including crosslinking
and chain scission Silver nitrate is a fast conducting ion in a number of crystalline and amorphous materials. Ag NPs
can be synthesized using various methods some of them are chemical reduction, electrochemical, photochemical,
reduction-ray irradiation and UV irradiation. Polymers have been frequently used as particle stabilizer and capping
agent [4]. Moreover, it is a water soluble polymer, so it can react with metal salt via formation of chelate with metal
cations in an aqueous solution and also act as a capping agent. PVA is a well-known for its wide range of potential
applications in optical, pharmaceutical, medical and has been developed for biomedical applications such as artificial
pancreas, wound dressing and artificial skin. Generally, Polymer/metal nanocomposites can be obtained by two
different approaches, namely, ex situ and in situ techniques [2]. The synthesised nanocomposite was subjected to
gamma radiation to study the optical and structural changes of Ag/PV A nanocomposites.

2. MATERIALS AND EXPERIMENTAL
2.1. Materials

Nanocomposite films were synthesised by using fully hydrolyzed Poly (vinyl alcohol) PVA (M.wt. 30,000
gmol™) and Silver Nitrate AgNO; (M.wt. =169.87 g/mol; 99% hydrolyzed) was obtained from Merck. Both the
chemicals are analytical grade, and used without further purification. Distilled water was used as a solvent and
Gamma Irradiator (GC 5000; BRIT, Mumbai).
2.2. Preparation of Ag/PVA nanocomposites

Poly (vinyl Alcohol) solution was first prepared by dissolving 5 gm in 100 ml distilled water, thoroughly
stirred until the polymer became completely soluble. AgNO3 solutions with different molar concentrations (from 0.01
M to 0.1 M), were added to the PVA solution. The solutions were then left to cool at room temperature. Finally, the
solution was cast on a petri dish. The films were gamma irradiated at dose 75 kGy using gamma irradiator (GC 5000;
BRIT, Mumbai).
2.3. Characterization techniques
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Ultraviolet-Visible (UV/Vis) spectroscopy (Shimadzu, UV-1800). Powder X-ray diffraction (XRD)
(Rigaku Miniflex). Fourier transforms infrared spectroscope (FT-IR) analysis. Field Emission Scanning Electron
Microscopy (FESEM) (ULTRA 55 FESEM, Karl Zeiss). Energy Dispersive X-ray Spectroscopy (EDX) elemental
analysis.

3. RESULTS AND DISCUSSION

When AgNO; is mixed with PVA, the OH groups of PVA attracts Ag" ions towards it. Fig.1 shows the
optical images of pure PVA, Ag/PVA and irradiated Ag/PVA. The PVA films were colourless and Ag/PVA films in
yellowish colour, this result confirm the formation of Ag nanoparticles in the PVA matrix [7].

Fig.1. Optical Images of (a) Pure PVA (b) Ag/PVA and (c) Ag/PVA at 75 kGy

Fig.2. There is a band at A = 276 nm that refer to PVA characteristics compound. As the silver concentration
increased ((1x10° M - 1x10™" M) the surface plasmon resonance peak is shifted from 422 to 427 nm indicating the
presence of red shift and higher content of silver nanoparticles are generates in nanocomposite films [8]. Samples
were exposed to gamma radiation of dose 75 kGy, the surface plasmon resonance peak is shifted from 427 to 412 nm
indicating the presence of blue shift and the formation of smaller metal nanoparticles [9].

b}

Absorbance a.u

ABSCONAcE AU
Absorbance (a.u)

Wavelenth (nm) Wavelent (am} Veavelenth {nm)

Fig.2. UV-Vis spectroscopy images of (a) Pure PVA (b) Ag/PVA (b) Ag/PVA dose of 75 kGy.
Estimation of particle size of Ag nanoparticles

Assuming that silver nanoparticles have spherical shape, Mie theory [11] was applied for the evaluation of
silver nanoparticles size in PVA/Ag nanocomposite films. Particle size experimentally founded by Evanoff and
Chumnov [5] was used for the calculation of silver nanoparticles in PVA polymer blends using experimental data:

D = 0.715 Apax — 258 (§0)

Where D = particle diameter (nm), and A, is the SPR peak position in UV-Vis absorbance spectrum. The
calculated Ag nanoparticles size was listed in Table 1. The obtained data of Ag nanoparticles diameter indicated that
the Ag nanoparticles size decreases with irradiation dose

Table 1 Determination of the particle size from UV/Vis spectroscopic analysis

AgNOQO; | Irradiation | Ay Particle
conc.,(M) | dose (kGy) | (nm) Size D

(nm)
0 427 47.30
0.1 75 kGy 412 36.58

Fig.5. The XRD pattern of unirradiated pure PVA exhibits strong and broad diffraction peak located at 26 = 19.27°.
The diffraction peak at 26 = 19.27° corresponds to the (110) reflection, a plane which contains the extended planar
zigzag chain direction of the crystallites [1]. First, the irradiated Ag/PV A nanocomposites show four new diffraction
peaks at 20 = 38.48°, 44.42°, 64.21° and 77.67. These discernible peaks can be indexed to the planes (111), (200),
(220) and (311); respectively revealing that the Ag nanoparticles are formed in the PVA matrix and their crystal
structure is face centered cubic (fcc) structure according to JCPDS (No.4-0783) [6]. This is a confirmation of
spontaneous reduction of Ag” ion to Ag®nanoparticles in the metallic form using PVA chains and irradiation [7].
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Fig.3. X-Ray Diffraction pattern of Pure PVA (a) and (b) PVA/Ag Nanocomposites at dose of 75 kGy
The particle size ‘D’ was calculated based on the regular broadening of XRD peaks as a function of decreasing
crystallite size [1]. This broadening is a fundamental property of XRD described by well established Scherer theory:

= (2)
pCos6

where, D is the particle diameter (nm), K is a constant equals 0.9, A is the X-ray wavelength; (Cu Ka = 1.540°
A), B is FWHM of the peak corresponding to plane (111 reflection) and 8 is the diffraction angle obtained from 26
values corresponding to maximum intensity peak in XRD pattern. The calculated values of crystalline particle size (D,
nm) are listed in Table 2. The careful analysis for the position of (111) reflection peak illustrates that there is a gradual
shift towards lower angle with irradiation dose and it can be seen that with irradiation dose of 75 kGy the particle size
decreased.

Table 2: The XRD parameters of Ag/PVA nanocomposite films

AgNO3 Dose, size (nm)
conc.,(M) (kGy)
0.1 16.88
0.05 75 kGy 14.67
0.01 12.95

Fig.4. shows nanocomposites Films before and after gamma exposure in the range of 4000 cm—1 to 750 cm—
1. In pure PVA (curve ‘a’), the band observed at around 3271 cm-1 relates to the O-H stretching vibration of hydroxyl
group, while the bands observed at 2946 cm—1 & 1719 cm—1 correspond to the C—H and C=O stretching vibration
respectively [3]. The occurrence of band at around 1136 cm—1 corresponds to the C-O & C-O-C groups stretching
vibrations and the absorption band appeared at 850 cm—1 is due to the out-of-plane vibration of C—H group of PVA,
respectively [6]. After embedding Ag nanoparticles in PVA matrix, the decrease in intensity and shifting of the bands
observed at 3271 cm-1, 1719 cm—1, 1136 cm—1 and 850 cm—1 towards lower wave numbers suggest the formation of
chemical conjugation of Ag nanoparticles with ‘O’ atoms of PVA chains. After gamma exposure, a further band 1318
cm-1 increase in intensity and shift of the absorption bands at 3271 cm-1 and 1719 cm-1 towards lower wave numbers
indicate that after irradiation the structural rearrangement between Ag nanoparticles and PVA chains takes place [7].
The move towards lower wavenumber and broadening of bands observed at1136 cm—1 and 850 cm-1 also indicates
that after gamma exposure the structural rearrangements between Ag nanoparticles and PV A molecules take place.

280 o | —— Ag/PVA
———Ag/PVA 75 kG
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Fig.4. FTIR images of Pure PVA (a) and (b) PVA/Ag Nanocomposites at dose of 75 kGy
The morphological characterization of various composite films was carried out by SEM and elemental analysis
by EDAX analysis. Fig. 5 (a-d) shows clearly indicates the formation of silver nanoparticles in the range of 100—
200 nm and also realized that the particles were nano in size uniformly dispersed in the PVA matrix [10]. The
observation was supported by EDAX analysis.
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Fig. 5.SEM image of (a) Pure PVA (b) Ag/PVA nanocomposite film at dose of 75 kGy (0.01M) (c¢) 0.05 M
(d) 0.1 M and EDAX of Ag/PVA nanocomposite film (0.01 M, 0.05 M and 0.1 M)

4. CONCLUSION:

In the present study the Ag/ PVA nanocomposites were synthesized through in situ chemical reduction
method and films were prepared through solution casting methods. Prepared Ag/PVA samples were exposed to
gamma radiation of dose 75 kGy. UV/Vis spectroscopy result shows the surface plasmon resonance at 427 nm
confirms the formation of Ag nanoparticles. The absorption peak was increased when films irradiated at the dose of
75 kGy, indicating the formation of more silver nanoparticles in the polymer matrix and more reduction of silver
nitrate. The XRD pattern of pure PVA exhibits strong and broad diffraction peak placed at 26=19.27° which was due
to crystalline part. An irradiated PVA/Ag nanocomposite sample shows four new diffraction peaks at 20 = 38.48°,
44.42°, 64.21° and 77.67 revealed that the Ag nanoparticles were created in the PVA matrix. The FITR analysis
reveals that silver nanoparticles attached to polymer chains through some kind of chemical conjugation. The SEM
analysis reveals that the particles were nano in size uniformly dispersed in the PV A matrix. The presence of Ag was
confirmed by the Energy Dispersive X-ray Spectroscopy (EDX) elemental analysis. Finally, the study concludes that
the Ag/PVA nanocomposite films when exposed to gamma radiation it shows the changes in optical and structural
behaviour.
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Abstract: A phosphoric polymer is employed to host an organometallic iridium complex dopant that is added. In
this study, the InGaN which is and iridium complex is used. The quantum dot (QD) phosphor based LEDs
consists of the mentioned aspects and is therefore investigated in this paper. The heavy metal iridium complexes
dopants added have atoms at the center that exhibits a massive spin-orbit coupling. The use of these
phosphorescent materials causes the singlet and triplet interactions to decay with radiation emission. The
emitted radiation is the one observed light. The internal quantum efficiency if therefore improved through the
process as compared to single inorganic materials for OLEDs, in which the single states are the only ones
responsible for light emissions.

Keywords: Phoshpor, Iridium, Lighting Industry.

1. INTRODUCTION:

Solid-state lighting refers to a most recent form of lighting that employs semiconductor light emitting diodes
or organic light-emitting diodes to produce light radiation as opposed to the traditional electrical filaments. Phosphor
materials are employed in solid state lighting to improve the internal quantum efficiency of OLEDs. The phosphor
materials are used as hosts for heavy metallic complexes, forming two states. A single and triplet state, which
significantly reduces the band-gap of the phosphor materials and hence increased the internal quantum efficiency of
the resulting OLED as far as light radiation emission is concerned (1). The phosphor materials also enable the
emission of monochromatic or multicolor LEDs.

2. EXPERIMENTAL DETAILS:

Experimental data is obtained from an insight into the application of OLEDs in lighting purposes. QD
phosphor based OLEDs are commonly employed as sources of lighting. As such particular standards are required for
the LEDs and particular colors desired for particular solid state lighting functions ( 2). It, therefore, necessitates the
strict limitations on the emission spectrum of an OLED particularly on the red side of the band. This is enabled by the
use of the iridium complex. The earlier white fluorescent lighting had a radiance of “1x10-6 which was a lot more
than the accepted 2.2E-9. The earlier systems of solid state lighting value are as a result of the UV-sensitive
phosphors, which have broadband emission and this can only be rectified using filters. The radiance values of the
current commercial LEDs is within the range of 1x 10 -7 to 1x10-8. These values fall below the stipulated radiance
threshold. Doped nitro does silicates phosphors are used to coat metallic iridium complex InGaN QW LEDs for a
mixed color effect on the white output. The Y3AI5012: Ce3+ and Eu2+ doped with nitro do silicates phosphors
have a narrower band gap as compared to UV- sensitive phosphors (3)
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Figure A and B above illustrate the distinctions between the spectrum of the metallic complex QD phosphor
based LEDs and that of a more traditional Y3A15012: Ce3+ phosphor fluorescence spectrum. Calculation from A
indicates that the QD iridium metallic complex phosphor based LEDs have a radiance value of 4E-10 at 0.1
brightness. In figure B the Y3A15012: Ce3+ phosphor fluorescence spectrum indicates a radiance value of “6x10-8 at
0.1 brightness (4).

In a bid to elaborate the concept a QD phosphor-based LED is fabricated through mist-deposition of
CdSe/CdS/ZnS shells onto the surface of the iridium complex InGaN, which is responsible for emissions. Electron
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microscopy has initiated the process to establish the dimensions and crystalline structure of the phosphors (5). The
figure below indicates spherical and almost identical crystals are observed and very well define lattice interference.
The lattice interference constitutes the reduced band gap.
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Fig C
The figure above shows lattice distortions and crystal nature as an effect of the introduction nitro do silicate
phosphors.

3. RESULTS AND DISCUSSION:

From the above deliberations, it is evident that the available white LEDs used for solid state lighting amount
to a radiance value of 10-7. This is way beyond the accepted threshold. That of the iridium metallic complex phosphor
based OLEDs is 9.420E-09 for a thickness of 50nm. This is quite effective for solid state lighting. In as much it is still
above the stipulated threshold, it is way lower as compared to the former. This value constitutes a reduced bandgap
and hence the improved internal quantum radiation (6). The luminescence wavelength also becomes flexible and
therefore multiple colors of illumination can be obtained from the iridium-based OLEDs. The spectral response in the
phosphor and iridium-based OLED:s is also established as higher than that of the latter.

4. CONCLUSION:

In conclusion, from the observations made it is clear that the phosphor based on the iridium metallic complex
are flexible and can, therefore, be applied in a wide range of applications as compared to the traditional white LEDs.
The flexibility of the OLEDs is enhanced by the iridium complex and allows for various uses as far as solid state
lighting is concerned. From display applications, indicator and light color effects the iridium complex OLEDs can
come in really handy. Their increased internal quantum efficiency and color variations enabled by the iridium
complex also allows for the usage of less energy but more brightness as compared to the white LEDs.
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Abstract: At present days, phosphate compounds are emerging as an important materials because of their special
characteristics such as more availability, less cost, environmental friendliness and thermal and charge
stabilities. It is known that Ce’* has a strong absorption in many hosts and emission matching with 4f" levels of
rare earth impurities, so Ce3" emission was studied in some phosphate compounds.significance luminescence
phenomenon was observed in the compounds and can be made useful as lamp phosphor and for energy transfer
study.

Key Words: splitting characteristics, RE impurities, Decays time, orthophosphate, pyro phosphate, Energy
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1. INTRODUCTION:

Cce™ ground state is split (2F5/2_ 2F7/2), these are the only levels possible for 4f configuration. f-f
transitions in Ce® are in IR region. At RT, they occur as unresolved bands with maximum at about 2200- 2300
cm” and half — width 250-300 cm™. At low temperature, the band splits into some lines, which are due to f-f
transitions and electro-vibronic transitions'***°. The excited states above ’F; level belong to 5d configuration in
the form a of broad bands. Most commonly observed emission is characteristics of 5d — 4f transition. Both
absorption and emission have usually a broad band character, showing splitting characteristic of 2Fj states. The
Stokes shift is due to interaction with host crystals. As the position of 5dband itself depends on the host,
not only the Stokes shift, but also the special positions of both the absorption and the emission bands
depends on the host. In (Y, Ce) POy, the emission is around 324 nm and 350 nm, while in (Y, Ce);AlsO,
the Ce™ emission is inthe form of a very broad band stretching from 500 nm to well beyond 700 nm having
maximum around 550 nm, and in sulphides such as CaS, Y,0,S, itis in green-red region”. Emission in the UV-
blue region is common. Emission at longer wavelengths is obtained® when the centre of the 5d level is at
relatively low energies. (Strong Nephelauxetic Effect), and the crystal field is very strong. Another feature of
Ce®* emission is that both absorption and emission resulting from allowed transitions, the decay time is
short, of the order of few ns. Characteristic Ce**phosphors are thus useful where rapid decay times are
required eg. in time of flight camera and scintillators. The luminescence of Ce®* gets concentration quenched
at 1-2 % at Ce concentration’ . Ce** — Ce™ transfer is followed by transport to killer site. Ceusually shows
high quenching temperature in silicates, borates and phosphates. Since Ce™ has a strong absorption in many
hosts, and emission matching with 4f" levels of other RE impurities, it can be used as a sensitizer for Tm',
Sm, Dy, Tb'!, Nd'? ,"*Gd and Pr.

The study of characteristic luminescence of Ce* in some phosphate compounds is presented here.

Experimental Details:
Following types of materials were prepared for the study of characteristic emission of Ce®*.

(1) Orthophosphates of the type

i) RPO, where R is the rare earth ion

ii) ABR(POy), where A is the alkali metal ion, B, the alkaline earth metal ion and R is the rare earth ion.
iii) B3R(POy4); where B is the alkaline earth metal ion and R is the rare earth ion.

(2) Pyrophosphates of the type M'M™P,0,, where M'= monovalent alkali metal ion (K, Na)and M" = trivalent
metal ion (Al,La, Gd, Y).
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All these compounds were prepared by solid state reaction method ( except KAIP,O; which is prepared by
combustion method'*'®), where the required ingredients (all of AR grades ) were mixed stoichiometrically together and
fired at 300° C for 12 hrs and then at 750°C for 2 hrs in reducing atmosphere following with the subsequent grindings.

All these compounds were checked by XRD technique. PL’s were taken by using Hitachi F-4000
spectrofluorometer.

2. RESULTS AND DISCUSSION:
Ce** emissions in various Orthophosphates and pyrophosphates are tabulated in the table below.
Table: Ce** emission in various Ortho-phosphates

SN F or m u 'l a Aex (nm) Aem(nm) Intensity

1 La0,55Ceo_45PO4 2 5 4 3 5 4 1 0 5 0

2 KMgLa0.9Ceo.1(PO4)2 2 5 4 3 4 0 1 8 0 0

3 KMgCe(PO,), 2 5 4 305,340 1 5 0

4 Ba3La0_99Ceo_01(PO4)3 2 5 4 3 4 0 3 0 0

320 380 240

5 Ba;Ce(POy,); 2 5 4 3 4 5 Very weak emission

6 Sr;3Ce (PO )3 2 5 4 3 4 0 2 3 0

7 SrgLaQ_ggCC()_()l(PO4)3 2 5 4 3 5 2 1 2 0

Table 5:Ce** emission in various pyro-phosphates

SN, F or m ul a Aoy ( nm ) Aewm (nm ) Intensity

1 KLaO.99CG0.01P207 2 6 5 3 1 8 1 4 0 0
36

2 NaGd0.99C60,01P207 2 5 4 3 1 5 1 6 0 0
333

3 KGdy 99Cepy.¢01P>05 2 5 0 3 3 5 1 5

4 KYy 99Ceg.01P205 2 5 0 3 4 4 0 0

5 NaY0_99C60_01P207 2 5 4 3 5 4 3 0 0
335

6 KAly 99Cey.01P205 3 0 0 3 8 0 1 1 5

Lays5Cey4sPO4& KMgLayyCe1(PO), : Fig. 1
shows excitation and emission spectra for the
samples  LagssCeoqsPOy (curve a) &
KMglLaoCey(POy), (curve b). Strong
absorptions are observed for both the samples.
Excitation spectra show prominent peaks at 286
nm with a good overlap at 254 nm, which
shows the use of the materials as the lamp
phosphors.  Intense Ce™ emissions were
observed around 354 nm and 340 nm for
Lag5sCeo4sPO4 and  KMgLagyCey(POy),
respectlively.  Spectral overlapping of the
excitation and emission bands shows a small
stoke’s shift which indicates that samples can be
well studied for energy transfer. Wavalength (nm)

Intensity {arb. units)

Fig .1:(a)PL excitation(A,,=354nm)and
emission(A.=254 nm) for Lag 55Ce( 4sPO,&
(b) PL excitation (A, =340 nm) and
emission (A = 254 nm) for KMgLa, ¢Ceg ;(PO,),
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KMgCe(POy),: Fig.2 shows excitation and emission spectra for

the sampleKMgCe(PO,),. The excitation spectrum shows a
strong absorption around 270 nm. But the emission intensities T
are found to be moderate around 325 nm and 340 nm. For this =/ i ;.—f"sl
reason, the phosphor is of interest as a lamp phosphor and energy 5| 5 ll ':' ‘._l
transfer study. AN L ]
=1/ [F
= |i L !
= i ¥ L
J A ' S
A e N
: 1
300 400 j=1u]

Wavelength {nm)

Fig.2:PL in KMgCe(PO,), (a)Excitation

spectra:  (Aep=354nm)
(b)E(mission spectra :(Ae=354nm)
z af

£ !

& A

= ¢
% i E‘ i : BasLag49Ce 1 (POy); : Fig.3 shows excitation and
=Sy i emission spectra for the sample
i ; ‘}f \\:\ BasLago9Ce01(PO4); The Excitation spectra are
f:,n"’ i e corresponding to the emissions at 340 nm and 380
i ‘\ N nm. (curves a & b) having the peak positions at
~ 260 nm and 320 nm respectively with efficient
200 Wavele;‘gotﬁ (ami 500 600 Ce’* absorption. Good overlapping at 254 nm
- : makes sure the use of material as lamp phosphor .
F1g.3.:.PI.4 m Ba}La(O}':’gc_?i(‘)g)n?)m' Curves a’ and b’ show two emisiign Sgectra
(:f::"::’::p:;:‘ (x::.]:_SSO nm) peaking at 342 nm and 320 nm for the compound
(a,)EmiSSio‘r‘; spéctrum(xex=254nm) with the excitation at 254 nm and 320 nm
(b”)Emission spectrum (A=3204nm) respectively. These emissions were found to be
weak. Material can be useful for energy transfer

study
Ba3Ce(PO4)3

Very weak Ce** emission was observed in the sample with the excitation at 254 nm. PL spectra are not shown for
this sample.

Sr;Ce(PO,);& SriLaggCey 01 (POy); : Fig 4 shows PL spectra for
the two samples Sr;Ce(POg4);& SrsLaggoCe1(POy);.  Excitation
spectrum for both the samples is same which consists of a
broad band having two peaks at 260 nm and 270 nm with strong
absorption with good overlapping at 254 nm. This ensures the
suitability of the phosphor as a lamp phosphor. Broad emission
spectrum ranging from 300 nm to 400 nm were observed
peaking at 352 nm. Weak emissions of Ce** were observed around
340 nm for Sr;Ce(PO4); and around 352 nm for
Sr3Lag99Ceg01(POy4);. These phosphors can be made useful for the
lamp application and energy transfer study if the attempts are
made to improve the intensity. Wwavelength (nm)

Intensity { arb. units)

Fig.4: PL excitation (A.;=340 nm) and emission
Spectra for (a) Sr;Ce(PO,);&
(b)SriLan 00Cen a1(POs)a(Aex = 254 nm )
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KLaj¢Ce1P,0; : Encouraging result is obtained in the
EX EM sample.(fig.5) shows excitation and emission spectra for the
sampleKLag 99Ce o;P,O;. Excitation spectrum shows a very strong
2 absorption around 270 nm for the emission at 336 nm, with a
good overlap at 254 nm, which shows that material will be useful
for lamp purpose. Intense emission peaking at 318 nm and 336
2 nm was observed with the excitation at 265 nm. Small stoke’s
shift was observed in the sample which would help in transferring
the energy from Ce** to other ions which plays an important role in
the luminescence process'®. Hence the phosphor will be useful in
studying the energy transfer phenomenon.

Intensity {arb. units)

Fig.5:PL in KLap99Ce0.01P2O07()Excitation / Formatiert: Schriftart: (Standard)
spcclra::()‘cm=336nm) B +Textkorper (Times New Roman), 11

(b)E(mission spectra:(Ae,=265nm) Pt

Intensity (arb. units)

NaGd, 99Ceq 1 P,07:The structure of NaGd,¢9Ceo1P,0; was found to be
in orthorhombicsystem'”. Fig 6 shows the excitation and emission
spectra for the sample. Very strong absorption peaking at 300 nm was
observed in the sample with the good overlap at 254 nm, which ensures

400

the use of the material as lamp phosphor. A very strong emission of Wavelength (nm)
Ce™ was observed at 315 nm and 333 nm with the excitation at 254 nm.
The sample will be useful for the energy transfer study. Fig. 6 : PL in NaGd, ¢oCe( 0, P,07

(a):Excitation spectrum : (A,,=333nm)
(b)E(mission spectrum:(Ae=254nm)

KGdy.99Ce0:1P>O7 :Fig.7 shows excitation and emission spectra for
the sampleKGd, ¢oCeo0P,O;. Excitation spectra shows the weak
absorption around 300 nm, with a poor overlap at 254 nm . Very weak

!
2 |
E T Ce**emission was observed around 335 nm with the excitation at
£ PE 250 nm and 285 nm respectively. Poor emission intensity will not
Ll |
I - ¥ il allow the phosphor to be used for the study of energy transfer .
i o !
E P M

wavelength(nm)
F1g7PL in KGdU_ggCCQV0]P207
(a):Excitation spectrum : (A, =333nm)
(b)E(mission spectrum(A.,=254nm)

KY0,99C60,01P207&N3Y0,99C60,01P207 H F1g8 shows
excitation and emission spectra for the two samples (curve a)
NaY0‘99C30_01P207 & KYO.99C60_01P207 (Curve b)

Intansiby |ark. units|

Ce**emissions of moderate intensities were observed for n M % y

both the samples. Emission for KY¢Cepo;P,O; was {_f{ b F Y S
. . . . o

observed at 344 nm with the excitation at 254 nm while that S e

Wavelangth {nm)

for 'NaYO~?9C,eo'OIP207 were observed at 335 nm and 354 Fig.8: (a):PL Excitation spectrum : (Ae,=344 nm)and
nm. _E_xc1tat10n peaks were observed with moderate emissionemission (hey=254nm)for K'Y e9Ceéo o1P20-
intensities at 250 nm and 307 nm for KY(99Ceg 0, P207and (b).PL Excitation spectrum : (Aey=354 nm) and
307 nm for NaY(¢oCepo1P.O7at 254 nm. These two samples emission (Aec=254nm) for NaY09Ce1P>01.
will be uesful for energy transfer study.
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KAl 99Cey 0 P,07: Weak Ce** emission was observed EX EM
around 380 nm with the excitation at 300 nm. Fig. 9 shows
the PL spectra for the sample. From the excitation spectrum,
it is observed that, spectrum has a maximum around 300
nm and does not have a good overlap with the Hg emission.
Hence the sample will not be useful for the application of
lamps. Weak emission of Ce®™ shows that the phosphor will )
not be useful for energy transfer study also. - 5 e

Intensity (arb. units)

300 400 500
Wavelength ( nm )
Fig.9: PL in KAl ¢9Ce0:P,07
(a) Excitation spectrum : (A;=380 nm)
(b) Emission spectrum (A= 300 nm)

CONCLUSION :

Ce** emission was observed to be strong in  NaGdgsCep o P207, LagssCepssPOs and KMgLagoCeg (PO,),,
KLag99Ce01P207, NaGdy99Ceo 01 P,07. These phosphors can be made useful as lamp phosphors and for studying
energy transfer phenomenon.
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Abstract: Nanotechnology and manufactured nonmaterials as with any new technology, may bring many
advances to society and benefits for the environment, but also pose new challenges in health, environment safety
and possible impacts on society. Because of the very broad range of potential applications using nanotechnology
and the wide variety of characteristics displayed by manufactured nonmaterial’s detailed discussion of both
benefits and of health and environmental risks should take place at the level of individual nanotechnology
applications.

Key Words: Nanomaterial Risks, Humans, Environment, Innovations
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1. INTRODUCTION:

As a result of nanotechnology’s rapidly burgeoning growth, it is important that all stake holders’ concerned
(governments, international, regional and national organizations, industry groups, public interest associations, labour
organizations, scientific associations and civil society) engage in discussions to identify and address policy issues.
These can include health, safety, moral, ethical, societal, legal and social utility concerns. In view of the predicted
great impact of nanotechnologies on the global economy, research and society, and of the expected wide-spread use of
nanomaterials, any possible risks should be studied by comprehensive, proactive risk estimation and assessment.

2. EARLY DETECTION AND ASSESSMENT OF RISKS:

A number of research projects have assessed the applicability and relevance of established testing methods
and concepts for evaluation of the risks of industrial chemicals to humans and the environment. These focused mainly
on nanomaterials already manufactured industrially on a larger scale, such as nanotitanium dioxide, industrial soot
(carbon black), nanosilica, nanosilver and other nanoscale pigments. Here the need for further development and
specific adjustment of test procedures often became clear.. At the forefront of hazards for occupational safety is the
inhalation of respirable and biopersistent dusts. This is especially critical if the dust particles are fibrous. The well-
known nanomaterials were therefore assigned into the groups “granular biopersistent particles (GBP)”, “biopersistent
respirable fibres” and “specific toxicity”.

The group assignment addresses different, but already established, testing and protection strategies that can
also be applied to nanomaterials in a modified form, if required. The critical fibre dimensions relate to fibre lengths
between 5 and 100 microns and fibre diameters of less than 3 microns. This concerns for example characterisations
relating to labelling requirements for food and cosmetics, if complex matrices are to be analysed using highly
sensitive measuring devices. If nanoparticles were to be absorbed into the body via the intestinal barrier, they could
potentially accumulate in different organs. Questions as to the toxicity and degradation of the particles would also
have to be taken into account alongside bioavailability and accumulation before any authorisation can be given.

According to state building regulations, buildings are to be constructed such that life, health and the natural
foundations of life are not jeopardised. In addition, environmental parameters (pH-value, salt content, content of
natural organic substances) influence the mobility, bioavailability and toxic effects of nanomaterials in the
environment.

3. CREATING SUSTAINABLE PRODUCT LIFE CYCLES:
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Due to their special properties, nanomaterials offer great potential to provide energy-efficient and resource-
saving products. The assessment of the opportunities and risks of new product innovations must be conducted on a
sound scientific basis. Instruments for the ecobalancing reflection on products containing nanomaterials have already
been developed, but so far only a few products have a qualitative and quantitative analysis of their environmental and
sustainability potential. Manufacturers and importers are responsible for ensuring that advanced materials and the
products manufactured from them meet the legal requirements of European chemical safety. Before being placed on
the market, substances and mixtures must be classified according to present findings and be supplied with a hazard
label.
A safety data sheet must be produced for commercial customers. Approval and registration obligations apply to
certain product groups like food, cosmetics and biocides or additional labelling requirements for consumer
information must be observed. To ensure sustainable protection of man and the environment it is essential that
regulations keep pace with the rapid and significant progress in material development. This is also to include activities
at the end of the life cycle in the event of recycling and disposal

4. INTENSIFYING THE COMMUNICATION OF RISK:

The high dynamics in material development, but also in the generation of risk and scientific data relevant to

measures, necessitates special efforts to keep all relevant target groups up to date and ready to act. The development
of the competence needed requires long-term vocational and further training opportunities for experts in risk and
safety research There are also open questions on the assessment of the risk from nanomaterials for man and the
environment when it comes to recycling. 36 Action Plan Nanotechnology 2020 The by now world-wide harmonised
hazard labelling using pictograms, hazard and precautionary statements is the most important instrument for risk
communication for those involved in the supply chain for substances and mixtures. Commercial customers also
receive a comprehensive safety data sheet from suppliers.
The representative population surveys and media analyses as to the perception of nanotechnology in the population
are to be continued. One focus is the manner of representation of nanotechnology in the media. Target-group-oriented
risk communication strategies are to be derived from the results so that ongoing progress in the description of the risk
can be announced in a transparent and comprehensible way to the technical community and other interested groups.
Accompanying studies are to evaluate whether the communication of these findings leads to changes in risk
perception. The growing importance of social networks is also to be taken into account.

S. CONCLUSION:

The Nation will integrate its nanotechnology activities — including nanosafety — into the “From Material to
Innovation” material research programme. Other specialist programmes will also have relationships to
nanotechnology. Announcements under the materials research programme will address applications relating to the
priority future tasks defined in the Federal Government’s new High-Tech Strategy: Digital Economy 52 Action Plan
Nanotechnology 2020 and Society, Sustainable Economy and Energy, Innovative Working Environment, Healthy
Living, Intelligent Mobility and Civil Security.
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Abstract: The current work investigated the biosynthesis of silver nanoparticles using Datura metal seed
aqueous extract. The biosynthesised silver nanoparticles were confirmed by visual observation and UV-Vis
spectroscopy. Appearance of dark brown colour indicated the synthesis of silver in the reaction mixture. The
silver nanoparticles were found to be spherical, rod and triangular in shape with variable size ranging from
23.84 to 50.54 nm, as evident by X-ray diffraction studies, TEM. The X-ray diffraction studies, energy dispersive
X-ray analysis and TEM analysis indicate that the particles are crystalline in nature. The nanoparticles
appeared to be associated with some chemical compounds which possess hydroxyl and carbonyl groups,
confirmed by FTIR. This is first and novel report of silver nanoparticles synthesised from Datura metal seeds
extract and their antidermatophytic activity.

Key Words: Datura metal seed extract, silver nanoparticles, antidermatophytic activity.
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1. INTRODUCTION:

The field of nanotechnology is one of the most active areas of research in modern materials science and
technology. It provides the ability to create materials, devices and systems with fundamentally new functions and
properties [M. Karkare,2008]. Recently, research in synthesis of Nanoparticles using microbes and plant extracts
gaining more importance due to its eco-friendliness, flexible and main point is the evasion of toxic chemicals
[S.Mann, 1993]. When compare to microbes, plant mediated synthesis is actively practicing by the researchers for its
positive advantages like avoidance of maintaining the microbial culture, time-consuming and cost effective [M.D.A.
Farooqui 2010]. Previously, Various plants have been successfully used for the synthesis of biogenic metal
nanoparticles (Singh et al. 2011). Nanoparticles are synthesized using plant materials such as Gliricidia sepium
[ W.R. Rajesh, 2009], Mucuna pruriens [S.Arulkumar, and M.Sabesan, 2010 ],Cassia occidentalis [V. Arya, 2010 ],
Banana peel [A. Bankar 2010], Azadirachta indica [S.S. Shankar,2004], Aloe vera (Chandran et al. 2006), Emblica
officinalis (amla). (Amkamwar et al. 2005), Capsicum annuum (Li et al. 2007), Cinnamomum camphora (Huang et al.
2007), Gliricidia sepium Jacq. (Raut et al. 2009), Carrica papaya (Mude et al. 2009), Opuntia ficus-indica (Gade et
al. 2010), Murraya koenigii(Bonde et al. 2010), Ocimum sanctum (Mallikarjum et al. 2011), Saururus chinenis
(Nagajyoti et al. 2011) and the synthesised silver nanoparticles were used effectively against multi-drug resistant
bacteria (Ingle et al. 2008), it can be used in many antimicrobial preparations (Gade et al. 2008) and Duran et al.
(2007) successfully developed silver nanoparticle impregnated wound dressings and textile fabrics which can be used
for burnt patients. Silver nanoparticles are also used for the preparation of surgical masks (Li et al. 2006). Datura
metal is a semi evergreen plant belonging to the family annonaceae. D. metal commonly known as raamphal plant or
bullock's heart is widely distributed all over India. The seeds are used as insecticides, anthelmintic, styptic epilepsy,
toothache, tumor, fever and dysentery (Mizanur et al., 2011) and are also used externally as suppurant. The bark as a
powerful astringent is used as antidysentric and vermifuge. Root, bark, seeds and stem possess isoquinoline alkaloids
(Nadkarni KM. 2002). Whereas still there is no report on biosynthesis of AgNPs using seeds of raamphal plant.

In the present study, D. metal seed aqueous extract was used for the synthesis of silver nanoparticles and
their antidermatophytic activity was evaluated against skin diseases causing fungi and bacteria. It is a first and novel
report on biosynthesis of silver nanoparticles from D. metal.
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2. MATERIALS AND METHODS:
Collection of material

Fresh seeds of Datura metal were collected from botanical garden of Gulbarga university campus. Silver
nitrate (AgNQO;) is procured from High Media Laboratories. Solutions were prepared with triply distilled water.
Preparation of the extract

Weighing 25 g of Datura metal fresh seeds were thoroughly washed in distilled water, cut into fine pieces
and was smashed into 100 ml sterile distilled water and boil plant extract 5 to 6 min& filtered through Whatman No.1
filter paper (pore size 0.45 um) and was further filtered through 0.22 um sized filters. The extract was stored at 4°C
for further experiments.
Synthesis of Silver nanoparticles from Datura metal fresh seed extract

The aqueous solution of 1mM silver nitrate (AgNO;) was prepared and used for the synthesis of silver
nanoparticles. 10 ml of D. metal fresh seed extract was added into 90 ml of aqueous solution of 1 mM silver nitrate
for reduction into Ag+ ions and kept for incubation period of 90min at room temperature. Here the filtrate acts as
reducing and stabilizing agent for ImM of AgNO;.

3. CHARACTERIZATION:

The formation of AgNP is verified by using UV—visible 5704SS ECIL spectrophotometer operated at with 1
nm resolution with optical length of 10 mm. UV—visible analysis of the reaction mixture was observed for a period of
300s. For the study of crystallinity, films of colloidal AgNP formed on Si(IIl) substrates by drop coating were used
for X-ray-diffraction (XRD) study. The data were obtained using Ricago X-Ray Diffractrometer (Japan), operated at
30 kV and 20 mA current with Cu Ka(l = 1.54 A ° ). The transmission electron microscopy (TEM) images were
obtained using Technai-20 Philips instrument operated at 190 keV. Sample for this analysis were prepared by
Biosynthesis of Silver Nanoparticles Using Annon reticulata seed 109 coating of aqueous AgNPs drops on carbon
coated copper grids, kept for 5 min; the extra solution was removed using blotting paper. The film of TEM grid is
exposed to IR light for drying. The powder sample of AgNP was prepared by centrifuging the synthesized AgNP
solution at 10,000 rpm for 20 min. The solid residue formed is then washed with deionized water to remove any
unattached biological moieties to the surface of the nano particles, which are not responsible for biofunctionalization
and capping. The resultant residue is then dried completely and the powder obtained is used for FTIR measurements
carried out on a Nicolet iS5 FTIR with diamond ATR.

Antidermatophytic activity of AgNPs synthesised from D. metal fresh seeds aqueous extract

Test microorganisms: Four fungi Trichophyton rubrum, Trichophyton tonsurans, Microsporium gypsuam and
Candida albicans three bacterial strains Staphylococcus aureus, Escherichia coli, Bacillus subtilis were used in the
present study, all the tested strains were obtained from M.R.M.C medical college, Gulbarga, Karnataka, India. These
test cultures were grown in SDB, nutrient broth (Himedia, M002) at 37°C and maintained on nutrient and potato agar
slants at 4°C.

Agar-well diffusion method: The assay was conducted by agar well diffusion method. About 15 to20 ml of potato
dextrose agar medium was poured in the sterilized petri dishes and allowed to solidify. The bacterial strains were
suspended in a saline solution (0.85% NaCl) and adjusted to a turbidity of 0.5 Mac Farland standards (108 CFU/ml). 1
ml of fungal strains were spread over the medium using a sterilized glass spreader. Using flamed sterile borer, wells
of 4 mm diameter were punctured in the culture medium. Required concentrations (40 mg™', 20 mg™”', 10 mg™,5 mg™)
were added to the wells. The plates thus prepared were left for diffusion of extracts into media for one hour in the
refrigerator and then incubated at 37°C. After incubation for 48h, the plates were observed for zones of inhibition. The
diameter zone of inhibition was measured and expressed in millimetres. 1mM AgNoj solution and aqueous plant
extract was used negative control. Whereas positive control used ketokonazole, streptomycene against fungi and
bacteria (1000 ug/ml conc.). The experiments were conducted in triplicates. The same method was followed for
testing antibacterial activity using nutrient agar medium incubated at 37°C for 18h.

4. RESULTS AND DISCUSSION

The biosynthesis of Ag NPs by fresh D. metal fresh seed aqueous extract (light yellowish) was carried out
and reported in this research work. 2.5ml of D. metal seed aqueous extract was added to 250 ml of ImM AgNO;
solution. The colour of the reaction mixture after 20 minutes at room temperature changes transparent to dark brown
colour and this observation is strong sign for the formation of AgNPs is shown in Fig. 2. The formation and stability
of the reduced AgNPs in the colloidal solution was examined by using UV-vis spectral analysis. The UV—vis
spectrum recorded from reaction mixture plotted and is shown in Fig. 3. The surface plasmon peak observed at 440
nm is further confirmation of presence of AgNPs in the colloidal solution [S. Basavaraja et.al.,2008, Ravishankar
Bhat et.al.,2013 ].
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The XRD pattern of AgNPs which suggest that the particles are of crystalline in nature. The intense
diffraction peaks due to AgNPs are clearly observed at (111), (220), and (311), (380). All the peaks match well with
the standard JCPDS file 04-0783 of silver shown in figure 4.

TEM procedure was employed to visualize the size and shape of AgNPs formed. A typical TEM image of
biologically synthesized AgNPs, which suggests that the particles are uneven in shape. Some are spherical, rod and
triangular shaped particles with a varying size of 23.84-50.54 nm shown in figure 6A & 6B.

The FTIR spectroscopy is a useful technique to study the core—shell morphology of AgNPs is as shown in Fig.
7. The two bands at _1650, 53,and 1459,06 are observed and are recognized as

Fig. 1 Datura metal seeds used for the synthesis of AgNPs

Fig. 2 Synthesis of silver nanoparticles using Datura metal aqueous seeds extract treating with AgNO3
solution at room temperature
A) silver nitrate(AgNQ;) solution, B) A.reficulata aqueous seed extract, C)After formation AgNPs change the
colour of AgNQOj; solution
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Fig. S TEM image of bio-functionalized AgNPs.
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Fig. 6 FTIR spectrum of biofunctionalized AgNPs

Table. 1 Antidermatophytic activity of AgNPs synthesised from aqueous seed extract of Datura metal.

Plant
40 mg™’ 20mg” | 10 mg™, 5 mg’ aqueous AgNo; Standard
extract Sol"

14.00 08.00 06.00 - - - 22.00
12.00 09.00 07.00 - - - 23.00
16.00 12.00 09.00 06.00 - - 20.00
1800 16.00 11.00 08.00 - - 26.00
22.00 17.00 12.00 07.00 - - 32.00
17.00 14.00 10.00 08.00 - - 35.00
20.0 18.00 14.00 09.00 - - 30.00

Ag nanoparticles exhibit yellowish brown colour in aqueous solution due to excitation of surface plasmon
resonance. On mixing the extract with aqueous solution of the Ag ion complex, a change in the color from colorless
to redish brown was observed. It was due to the reduction of Ag+ which indicates the formation of Ag nanoparticles
shown in Figure 1&2.

A visible colour change from transparent to yellow within 10 min indicates the formation of silver
nanoparticles which was confirmed by UV-visible analysis. Further the colour change to dark-brown is due to
increased concentration as well as growth of silver nanoparticles. After 40 minutes there was no significant colour
change, which is evidence for the completion of reduction reaction.(fig,2)
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Abstract: This is a foremost and new report on extracellular silver nanoparticles synthesis using leaves aqueous
extract of Bixa orellana as a sinking agent. The manifestation, size, and shape of the silver nanoparticles are
implicit by UV-visible spectroscopy, transmission electron microscopy. The X-ray diffraction studies, energy
dispersive X-ray analysis designate that particles are crystalline in temperament. Fourier transform infrared
spectroscopy analysis exposed that the nanoparticles are covered with their surface. As can be seen from our
studies, the bio functionalized silver nanoparticles thus fashioned have shown commendable antimicrobial
effect. The imitation procedure involved is eco-friendly, easy and hence high range production of the same can
be considered for using them in many agro-pharmacy applications.

Key Words: Bixa orellana, Green synthesis, Silver nanoparticles, TEM, Antimicrobial activity.
\_ _J

1. INTRODUCTION

A therapeutic plant plays a chief role in the novelty of new remedial agents for drug expansion. Bixa orellana
is a shrub or small tree with medicinal properties belonging to the family Bixaceae. It is frequently known as
sindhurapu in Telugu. Bixa orellana is an very important plant as its leaves extract has been used in lesion curing [1],
anthelmintic commotion [2] and other pharmaceutical purposes. Nevertheless, the current plant leaves is not being
used in the synthesis of silver nanoparticles and their antimicrobial activity has not been mentioned wherever in
literature. Hence, captivating into account all these facts the existing search has been intended to optimise the leaves
extract deliberation of Bixa orellana for the synthesis of AgNPs and their antimicrobial activity.

In the current report, was shown that an extract of Bixa orellana, positioned in a strenuous aqueous solution
of AgNOs, resulted in the reduction of the silver ions and configuration of silver nanoparticles, and that an extract in
aqueous solution of AgNOjresulted in the lessening of the silver ions and formation of silver nanoparticles. UV-
visible (UV-vis) spectroscopy, transmission electron microscopy (TEM), energy dispersive X-ray analysis and Fourier
transform infra-red spectroscopy (FTIR) were used to examine size and shape of silver nanoparticles in aqueous
extract of Bixa orellana.

2. MATERIALS AND METHODS:

Collection of material:

Fresh leaves of Bixa orellana were collected from Achampet forests, Mahabubnagar District. Silver nitrate (AgNO;)
is procured from High Media Laboratories. Solutions were prepared with triply distilled water.

Preparation of the extract:

Weighing 25 g of Bixa orellana leaves were thoroughly washed in distilled water, cut into fine pieces and
was smashed into 100 ml sterile distilled water and boil plant extract 5 to 6 min& filtered through Whatman No.1
filter paper (pore size 0.45 um) and was further filtered through 0.22 um sized filters. The extract was stored at 4°C
for further experiments.
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Figure 1: Bixa orellana

Synthesis of Silver nanoparticles from Bixa orellana leaves extract:

The aqueous solution of 1mM silver nitrate (AgNO;) was prepared and used for the synthesis of silver
nanoparticles. 10 ml of Bixa orellana leaves extract was added into 90 ml of aqueous solution of 1 mM silver nitrate
for reduction into Ag+ ions and kept for incubation period of 90min at room temperature. Here the filtrate acts as
reducing and stabilizing agent for ImM of AgNO;.

3. CHARACTERIZATION:

The formation of AgNP is verified by using UV—visible 5704SS ECIL spectrophotometer operated at with 1
nm resolution with optical length of 10 mm. UV—visible analysis of the reaction mixture was observed for a period of
300s. For the study of crystallinity, films of colloidal AgNP formed on Si(Ill) substrates by drop coating were used
for X-ray-diffraction (XRD) study. The data were obtained using Ricago X-Ray Diffractrometer (Japan), operated at
30 kV and 20 mA current with Cu Ka(I = 1.54 A ° ). The transmission electron microscopy (TEM) images were
obtained using Technai-20 Philips instrument operated at 190 keV. Sample for this analysis were prepared by Rapid
Biosynthesis of Silver Nanoparticles Using Cordia dichtoma leaves 109 coating of aqueous AgNPs drops on carbon
coated copper grids, kept for 5 min; the extra solution was removed using blotting paper. The film of TEM grid is
exposed to IR light for drying. The powder sample of AgNP was prepared by centrifuging the synthesized AgNP
solution at 10,000 rpm for 20 min. The solid residue formed is then washed with deionized water to remove any
unattached biological moieties to the surface of the nano particles, which are not responsible for biofunctionalization
and capping. The resultant residue is then dried completely and the powder obtained is used for FTIR measurements
carried out on a Nicolet iS5 FTIR with diamond ATR.

Antimicrobial activity of AgNPs synthesised from Bixa orellana leaves extract:

Test microorganisms: Three fungi Aspergillus niger, Aspergillus fumigates and Candida albicans, three bacterial
strains Staphylococcus aureus, Escherichia coli, Bacillus subtilis were used in the present study, all the tested strains
were obtained from Chandighar, sample centres, India. These test cultures were grown in PDA & nutrient broth
(Himedia, M002) at 37°C and maintained on nutrient and potato agar slants at 4°C.

Agar-well diffusion method: The assay was conducted by agar well diffusion method. About 15 t020 ml of potato
dextrose agar medium was poured in the sterilized petri dishes and allowed to solidify. The bacterial strains were
suspended in a saline solution (0.85% NaCl) and adjusted to a turbidity of 0.5 Mac Farland standards (108 CFU/ml). 1
ml of fungal strains were spread over the medium using a sterilized glass spreader. Using flamed sterile borer, wells
of 4 mm diameter were punctured in the culture medium. Required concentrations (40 mg™", 20 mg”', 10 mg™,5 mg™)
were added to the wells. The plates thus prepared were left for diffusion of extracts into media for one hour in the
refrigerator and then incubated at 37°C. After incubation for 48h, the plates were observed for zones of inhibition. The
diameter zone of inhibition was measured and expressed in millimetres. 1mM AgNo; solution and aqueous plant
extract was used negative control. Whereas positive control used ketokonazole, streptomycene against fungi and
bacteria (500 ug/ml conc.). The experiments were conducted in triplicates. The same method was followed for testing
antimicrobial activity using nutrient agar medium incubated at 37°C for 18h.

4. RESULTS AND DISCUSSION:
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Green synthesis of AgNPs from leaves aqueous extract (slight pink) of Bixa orellana was approved out
and reported in this research work. 01 ml of Bixa orellana leaves aqueous extract was added to 250 ml of 1mM
AgNO; solution. The appearance of the retort concoction subsequent to 18 minutes at room temperature changes
transparent to light yellowish colour and this surveillance is strapping signal for the formation of AgNPs is exposed in
Fig. 2.

Fig. 2 Synthesis of silver nanoparticles using Bixa orellana leaves extract treating with AgNO3 solution at

room temperature
A) Formation of AgNPs , B) silver nitrate(AgNOQO3) solution, C) Bixa orellana aqueous leaves extract.

The AgNPs formation and constancy of the condensed in the ordeal solution was examined by using UV—vis spectral
analysis. The UV—vis range recorded from reaction mixture is shown in Fig. 3.
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Fig. 3 UV-visa spectrum of bio functionalized AgNPs showing surface plasmon peak at 440 nm

The exterior plasmon height experimental at 440 nm is auxiliary confirmation of occurrence of AgNPs in the
ordeal solution [25, 26]. The XRD results of AgNPs which advocate that the particles are of crystalline in nature.
The dynamic diffraction peaks like (220), and (311), (380) observed. The recorded peaks competition well with the
standard JCPDS file 04-0783 of silver shown in figure 4.
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Fig. 4 XRD patterns of bio functionalized AgNPs
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Fig. 5. TEM image of bio functionalized AgNPs, with size pattern

By the TEM results the size and shape of AgNPs was clarified. A classic TEM image of green synthesized
AgNPs, which suggests that the particles are uneven in shape. Some are round, spherical and triangular twisted
particles with a altering size of 14.88—60.74 nm shown in figure 5.
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Fig 7. FTIR spectrum of bio functionalized AgNPs

The FTIR spectroscopy is a helpful method to study the middle—shield morphology of AgNPs is as shown in Fig. 6.
The strong band at _1650, 53 was observed.
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Graph 1: Antimicrobial activity of AgNPs of Bixa orellana

Via leaves of Bixa orellana based AgNPs antimicrobial activity at 80 ul/well showed maximum antifungal
activity against C. albicans 16.00 mm followed by A. niger 12.00 mm and the least 10.00 mm diameter zone of
inhibition showed by A. fumigatus. Similarly, against bacteria the maximum activity of 21.00 mm was recorded
against E. Coli followed by S. aureus 14.00mm and B. Subtilis 14.00 mm. The antimicrobial activity was straight
relative to the meditation of AgNPs. Two negative controls i.e., Plant aqueous extract and AgNos; solution did not

show activity.. Streptomycin sulphate and Ketoconazole used as standards alongside test organisms showed the
inhibition zones of 21.00mm & 23.00mm, respectively.(Graph.1).

5. CONCLUSION:
The quick biosynthesis of silver nanoparticles from Bixa orellana leaves was shown to be rapid and produce
particles of crystallographic irregular shapes. The synthesis technique eco-friendly in nature. The synthesized

particles showed antimicrobial activity. The current outcome suggests that they are useful in applications as
antimicrobial agent.
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Abstract: The interest in dye sensitized solar cells has increased due to reduced energy sources and production
costs. Solar cells are important promising material for the conversion of sunlight into electrical energy which
offers the low cost and large scale production. We proposed Graphene based nanocompositesas a counter
electrode material for the DSSC applicationswhich replaces the existing nano crystalline TiO, and ZnO materials
deposited as a thin film on conductive glass electrodes. The outstanding mechanical properties of graphene are
applicable to prepare flexible, stretchable and foldable electronics.

Key Words: Graphene, Properties, applications
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1. INTRODUCTION:

Transparent Conducting Oxides (Tco) Combine Two Physical Properties, Namely, High Electrical
Conductivity And Optical Transparency. They Are Achieved By Adding Suitable Dopants And By Creating Defects
In The Insulator. These Properties Make Tco An Important Material For Industrial Applications, Such As, Liquid
Crystal Display, Plasma Light Emitting Displays, Organic Light Emitting Displays, Touch Screen Sensors, Thin
Films, PhotovoltaCells, Smart Windows And Solar Control Films. [1]

Background: Three most common TCOs are tin doped indium oxide In,O;: Sn (ITO), fluorine doped tin oxide SnO:
F (FTO) and aluminum doped zinc oxide ZnO: Al. A very peculiar property to be noticed is that although these TCOs
are considered as good conductors, they are, very poor conductors compared to metals. This important factor makes
TCO a diverse material for its applications.[2]

CHARACTERISTICS OF TCO

TCO should have the following characteristics when used in technology
e They have to be transparent for visible part of light with transmittance of > 80%.
. Thleylshould have high concentration of charge carriers of > 10" cm™ and large mobilities of > 1 cm®
Vs
2. CONDUCTIVITY IN TCO:

The material physics of TCO can be understood with the help of simple opinions. The basic idea is to create
free charge carriers (electrons or holes) in wide band gap insulators using suitable dopants. For example, the chemical
doping of Sn** for In** in ITO leads to donor-induced states located close to the host (In,O3) conduction band. The
oxygen vacancies (In,O;,) can also introduce impurity states in the band gap which contribute to conductivity.
Further doping of Sn** leads to a degenerate gas of current-carrying electrons which give rise to far-infrared
absorption and high electronic conductivity leaving the host band gap unaffected. Thus the electrically conductive
material remains optically transparent in visible region. The mechanism of conductivity in TCO can be understood
with the help of classical description of charge transport in metals given by Drude Theory. [3]The charge carriers
produced through doping are to be treated as free electron gas. Thus the conductivity (o) is determined by the density
of charge carries and their effective mass.

ne.e’t
O' =

= Nellle
Where n, = Number of charge carriers,

m, = Effective mass,
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T = Relaxation time and
et

e ="—= Mobility of the charge carriers.

e

The optical window for ITO is thus set by the Plasmon frequency. Mobility and Plasmon frequency are determined by
band gap and effective mass of electron. The response of TCO material to incident light is shown in Fig 1.

Transmission
s Absorption
Reflection (Visible) (UI'\F;)
Optical Window
hvv, Fe Energy (hv)

Fig 1: The optical window set by plasma frequency and band gap

From Fig 1, the incident photons with energy lower than the plasmon frequency are reflected and those with
energy higher than the band gap are absorbed by TCO. Thus by shifting the Plasmon frequency, the infrared (IR) part
of visible spectrum can be transmitted or blocked by TCO material [4]. Also a large secondary band gap which is the
difference between two lowest conduction bands is essential. The larger value of secondary band gap lowers the intra
band transition of charge carriers and ensures optical transparency.

Brief history of existing TCO materials: Indium Tin Oxide (ITO): At present ITO is the best material for TCO.
Lowest resistivity of the order of 1 x10™ Q cm can be obtained in ITO films prepared by different deposition
methods. But, one of the greatest disadvantages of ITO is the limited availability of indium on the earth’s surface and
there is a chance of depletion of element on continuous usage. [5]

Impurity doped ZnO: In 1980, an inexpensive and harmless binary compound of ZnO was developed. Although
undoped, ZnO films with resistivity of 4.5 x10™* Q cm were prepared by rf-magnetron sputtering [11], TCO films
using ZnO: Al and ZnO: Ga prepared by various deposition methods have attracted much attention for thin film solar
cells as resistivity of the order of 1 x10™* Q cm was obtained in these films [6,7]. Among all dopants, Aluminium
doped Zinc Oxide is the best and is used in various practical applications.

Limitations of ZnO: As the binding energy between Zn and O is chemically more dynamic, controlling Zn is more
difficult in preparing ZnO films. By various deposition methods, resistivity of 1-3 x10™ Q cm, refractive index of
approximately equal to 2.0 and average transmittances of above eighty five percentages have been obtained in ZnO
doped films. They are unstable at temperatures above 150°c and the optical absorption of ZnO films is lower than that
of other TCO films in the visible range. The usage of milky ZnO transparent electrode for solar cells improves the
efficiency because of the effect of light confinement [8, 9].

3. DESIGNING NEW TCO MATERIAL:

To overcome limitations of present TCO materials and to meet the required improvements in physical and
chemical properties some alternative materials are suggested and the designs are so that they can be used for
specialized applications [10].

The following points are considered in designing a new TCO material for commercial applications.
e The resistivity of multicomponent oxide films is similar to the mechanism of metal alloys.
e  Optical properties are similar to dielectric materials, and
o The presence of nature and quantity of metal element determine the chemical properties in
multicomponent oxide films.

GRAPHENE AS TCO

The non-oxide material graphene is an alternative to the existing TCO materials. The advantage of graphene
over the brittle ITO is its mechanical strength and flexibility. It is also economical and obtainable in large quantities.
Moreover, large areas of graphene films can be deposited from solutions. Also graphene films are sensitive to surface
roughness unlike ITO. However, several technical issues like poor adhesion to peel are to be addressed while applying
graphene as a TCL for Light Emitting Diodes. If peeling of graphene occurs, power stops at the position of peeling
and does not extend any more in sideways. [11, 12]

Importance of Graphene over ITO and FTO
ITO and FTO have the following disadvantages
e The element indium is scarce.
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e They are unstable in the presence of acid and base.
e Structure defects in FTO devices cause current leakage.
PRINCIPLE FOR GRAPHENE APPLICATION

Electrical conductivity of graphene can be changed by adsorbing impurities on the surface of graphene. The
carrier concentration of the material is improved as adsorbed molecules acts as donors or acceptors and the
conductivity of graphene is altered. In addition, some properties mentioned below increase its sensitivity to single
atomic level.

e Graphene is a 2-D material and all its carbon atoms are exposed to the analyte of interest.

It is highly conductive with low Johnson noise.

It has very few crystal defects. They ensure a very less intensity of noise caused due to thermal switching.
Four probe measurements can be done on a single crystal device with electrical contacts of low resistance.
Moreover it was verified that the mobility of graphene was not affected by heavy doping concentrations of
holes and electrons.[13]

Applications of TCO
TCOs are used in many electronic devices. In most of these devices TCO is used as coating

on suitable substrates.

e TRANSPARENT CONDUCTING ELECTRODES: Graphene is suggested as an aspirant for TCE applications which
replace ITO electrodes. Large continuous area, transparent and highly conductive few layered graphene films
produced by CVD are used as anodes for numerous applications.

e SOLAR CELLS: The front surface of solar cells is covered by transparent electrodes. Typical architecture of a
thin film solar cell is as shown in Fig 2. TCO layer is used as front contact material for all thin-film solar
cells. A reflective contact material is used at the back side. In solar cells, TCO act as contact material for
collection of photo-generated carriers and allow the light to reach the active solar absorbing material. [14,15]
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FIG 2: CROSS SECTION OF A SOLAR CELL

4. RESULTS:

Keeping the advantages of graphene in mind, we have studied the electronic and transport properties which
consists of DOS, band structure, transmission spectra and I-V characteristics. Variations of all these parameters for
pure graphene and graphene adsorbed with Beryllium and Stannic tetra chloride shown in fig 3 and the results are
compared and presented in Tabl.
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Structure of Graphene with
SnCl, molecule
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The calculations are done by using DFT and are tabulated in the table below
Graphene Graphene Graphene with Graphene
Pure with one with two one SnCl4 with two
S.No Graphene Beryllium Beryllium molecules SnCl4
atom atoms molecules
Band Gap 0.000 Ha 0.017 Ha 0.021 Ha 0.025 Ha 0.037 Ha
Density of 80 at -0.2 200 at -0.1 400 at - 0.1 80at-0.1Ha | 850at-0.1
States Ha& 60at | Ha& 230at | Ha& 260 at | & 65at(0.1 Ha | Ha & 350 at
0.2 Ha 0.1 Ha 0.1 Ha 0.1 Ha
Negative Vo9V & | 1to2V & -5 2to5V 5Vto7V & -5 | 7TVto 9V & -
Differential -9V to -7V to-7V to -7V 7t0-9V
Resistance
Negative 2Vto5V & | 2V to 5V &-2 2to5V 5Vto7V & -2 | TVto 9V & -
Differential -2to -1V to -5V to -1V 5to-7V
Conductance
Total Energy -4.64099 -6075.2747 -5075.2747 -6840.6153 -9171.0262
Chemical -4.21 -5.54 -5.54 -5.54 -5.54
Potential
5. CONCLUSIONS:

FromTab1: the band gap of pure graphene is O Ha. The band gap increases from 0 to 0.17 Ha, 0.021 Ha when
adsorbed with one, two Beryllium atoms and changes to 0.025 Ha and 0.037 Ha when adsorbed with one, two SnCl4
molecules respectively. The density of states has increased from 80 to 850 below Fermi level and 60 to 350 above
Fermi level on adsorbing different elements on pure graphene structure. Negative differential conductance is observed
in all the cases at different biasing voltages. Total energy has decreased on adsorbing different elements which shows
that the system is stable after absorbing the elements.
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Abstract: The paper deals with X-ray diffraction analysis of powdered bone of chicken Gallus gallusdomesticus.
The study reports that the major inorganic constituents present in the bone is hydroxyl apatite. The crystalline
size and lattice strain are evaluated.
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1. INTRODUCTION:

Bone is a dense and constantly changing structure that grows, shrinks and adapts during the entire life time of
animals. Bone tissues are classified into two types, compact and cancellous bones. Femur and Tibia are the examples
of compact bones and scapula and rib are examples of cancellous bones. The anabolic and catabolic process that takes
place in the bone helps in the regulation of mineral metabolism and in the maintenance of the skeleton.

X-ray crystallography is a technique used for determining the atomic and molecular structure of a crystal, in
which the crystalline atoms cause a beam of incident X-rays to diffract into many specific directions. By measuring
the angles and intensities of these diffracted beams, a crystallographer can produce a three-dimensional picture of the
density of electrons within the crystal. From this electron density, the mean positions of the atoms in the crystal can be
determined, as well as their chemical bonds, their disorder, and various other information.

Powder diffraction is commonly used to identify unknown substances, by comparing diffraction data against a
database maintained by the International Centre for Diffraction Data [1]. Therefore it is also helpful in the analysis of
unknown biological samples. Many studies have been carried out to learn the x-ray diffraction analysis of eggshell of
hen, quil, ostrich, which helped in the synthesis of hydroxyapatite. The Hydroxyapatite (HAp) is one of the most
versatile materials used for implantation purpose due to its similarity to natural bone material. Hap has approximate
chemical formula Cal0(PO4)6(OH)2 or Ca5(PO4)3(OH), and is the main inorganic constituent of bones in humans.
HAp can be successfully synthesized by reaction of discarded eggshell with tri-calcium phosphate in presence of
steam at 900 degrees Centigrade and subsequent aging for 24 hrs. Synthetic HAp has been successfully used in hard
tissue surgery [2,3]. It is particularly attractive material for the bone and tooth implants since it closely resembles
human tooth and bone mineral and has proven to be biologically compatible with these tissues [4-6]. Many studies
have indicated that HApcermaics show no toxicity, inflammatory, pyrogenetic responses. It has excellent fibrous
tissue formation between implant and bone.[4] It can be revealed stability. The particles are mostly spherical with
nano size [7].

Joschek, et. al., [8] studied the properties of porous hydroxyapatite ceramics produced by the sintering of
bovine bone. They concluded that ceramics are highly crystalline and porous and have an advantage of high
interconnecting pore system and a better drug processing ability.

Gangadhar, et.al., [9] made elemental analysis of ovine scapular cartilage and reported that 13 different
elements are present in which percentage of Carbon, Oxygen and Nitrogen is more and molecular composition in is
inhomogeneous.

SreenivasaRao, et.al.,[10] made studies on human hair by inductive coupled plasma —atomic emission
spectrometry and reported that human hair contains iron, lead, cobalt, nickel, manganese, zinc, copper and calcium.

JayanandManjhi, et.al.,[11] studied the Effect of extremely low frequency magnetic field in the prevention of
spinal cord injury-induced osteoporosis. They investigated the effect of extremely low frequency (ELF) magnetic
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field (MF) by electron microscopic study, which revealed the enhancement of microstructural composition and
compactness in cortical and trabecular parts of treated bones.

Jeevan Kumar, et.al., [12] made studies on identification of trace elements in bovine metacarpus bone by
Spectro - chemical analysis In their studies Analytical methods are described for the determination of major, minor,
and trace elements in bone. Ca, Mo, Pb, Fe, Zn, Cu, Mg, Al, P are identified in the bovine metacarpus bone as major
trace elements and 16 more elements are identified as minor trace elements i.e., Os, Sc, Y, K, Mn, La, Cd, Pd, Ru, Na,
Sn, Pt, Bi, As, Si and Co.

The present study is an attempt to analyze chicken bone powder by using the technique of x — ray diffraction.

2. MATERIALS AND METHODS:

The Bone samples of Chicken Gallus gallusdomesticus was separated carefully from the flesh, cleaned
thoroughly and dried under the sun for 3 - 4 days, so as remove free water. The bone was powdered using pestle and
mortar.

X- ray diffraction of femur bone of Chicken Gallus gallusdomesticus was recorded using x-ray diffractometer
(Shimatzu — Maxima XRD 7000) in reflection mode with Cu Ko (A=1.5405 A) radiation. Sample was made into fine
powder for the analysis.

X-rays were produced by a copper target at the voltage 40 kV and current 30 mA. The slits used were
divergence slit of 1% scatter slit of 1°; receiving slit of 0.3 mm.In the scanning set up, Driver axis: 2 8; Scan range: 10
— 80; Mode of scan is continuous scan; Scan speed: 2° min™'; Sampling pitch: 0.02%; Preset time: 0.60 sec.

The size of crystallites, lattice strain and percentage of crystallinity of bone apatite was calculated from XRD
data using the formulae[13],

. . KA
Size of crystallites,L= Bocost’

where A = 1.54056 A, K is assumed to be 1

Bo

Lattice strain, € = ——
4 tan®

Crystallinity (%) = %x 100
t

where A, is total area covered by the peaks and A, is amorphous area (A,) covered by the broad peak alone [13].

3. RESULTS AND DISCUSSION:

Table 1 gives XRD data obtained from diffractograms. The data includes 20, d spacing, relative intensity
(I/1y), FWHM, crystallite size (L) and lattice strain (&) of diffraction peaks. The data is of machine (diffractometer)
generated one. The data of chicken bone reveals principal interplanarspacings (d — spacings) around 2.91 A, 2.80 A,
2.21 A, and 1.81 A. At these d spacings, crystallite size and lattice strain are calculated. Average values along with
SD are also tabulated in the table.

26 d /1 FWHM, Crystallite Size, | Lattice strain,
(degree) (A) (%) Bo (degree) L (nm) €
30.7410 2.90854 100.00 0.4723 18.23 0.0075
31.9092 2.80467 88.94 0.6298 13.71 0.0096
40.7950 2.21196 11.46 0.7396 11.97 0.0087
50.4920 1.80757 4417 0.8224 11.16 0.0076

Average: 13.77 0.0084
SD: +3.160 +0.001

The principal interplanar spacings (d — spacings) observed in the present investigation reveal the fact that
mineral present in chicken femur bone ishydroxyl calcium phosphate. Further, calcium phosphate present in bone is of
both crystalline and
amorphous in nature. The degree of crystallinity ranges from 50% to 60%.

The broadening of peaks in x — ray diffractograms is because of crystallites of small in size and also
inhomogeneous distribution of their size.
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Abstract: The quantitation of urea has been achieved using FTIR spectroscopy. The FTIR spectra of human
blood serum samples are recorded in Mid IR region 4000-400 cm™.The normal blood serum is treated with urea
at different concentrations and FTIR spectra are recorded, which confirm the specific peaks related to urea. A
plot between concentration of urea and percentage of absorbancehas shown linear relationship. The study being
complementary to chemical analysis is very much useful for the estimation of urea in the blood serum of patients
suffering from diabetes and renal diseases.

Key Words: FTIR Spectroscopy, Quantitation, Human blood, Serum, Urea.
L J

1. INTRODUCTION:

IR spectroscopy has been used by Biophysicist and Chemist as a powerful tool to characterize compounds. It
has been applied to biology for studying the structure and conformation of molecules like proteins, nucleic acids and
lipids. The advances made in instrumentation have paved the way for its utilization in medicine. Besides the
application of FTIR for tissue diagnostics, the investigation of body fluids has been gaining importance. The mid —IR
region is very use full in the identification of disease patterns using the FT-IR spectrum of human blood serum.
Precise quantification of several components such as albumin, total protein, and Urea can be achieved using FT-IR
spectroscopy

Zhdanov et al [1] made a comparative study to determine the role of the skeletal base configuration of
carbohydrate molecules, using IR and Raman spectroscopy. Theoretical calculations of the vibrational spectra of
series of carbohydrates differed in the configuration of CO (CH) bonds in various positions of the pyranosering. The
normal vibrations of carbohydrate molecules had, with few exceptions, close or coinciding frequencies; however, they
differed greatly in the shape and contribution to the potential energy distribution(PED) of individual groups and
bonds. Despite the cooperative character of the vibrations, each compound was characterized by a specific set of
frequencies with a prevailing contribution to the PED of particular CO and C - C bondsof the molecule. They
concluded that vibrations have a peculiar localization and that steric factors play an important role in the vibrational
spectra of carbohydrates.

Minesh Patel et al [2] Studied poly acrylic acid and mucus using infrared, 1H and 13C nuclear magnetic
resonance, and X-ray photoelectron spectroscopes and differential scanning calorimetry, which supported the
hypothesis that hydrogen bonds, formed between the carboxylic acid functionality of the muco - adhesive material
(polyacrylic acid) and the glycoprotein component of mucus, play a significant role in the process of muco-adhesion.
They found fewer H-bonded interactions between the components than within the bulk of the pure muco-adhesive
agent andpH of the medium influenced the structures of both the poly acrylic acid and the mucus, which, in turn,
determine the nature and the extent of muco-adhesive interactions.

Davis and Mauer [3] highlighted the principles of FTIR spectroscopic analysis of bacteria; the advantages and
disadvantages of FT- IR applied to bacterial analysis; various sampling techniques; spectral manipulation; statistical
analysis of spectra; and applications in pathogen detection.

Jana kopikova et al [4] used FT-IR spectroscopy for the estimation of isolated high molecule fractions and
also for the identification of food hydrocolloids in confectionery jellies and food supplements. The simple comparison
of spectra of standards and samples proved that this technique is useful for the monitoring of food hydrocolloids in
particular food products.

SyedIsmail Ahmadetal[5]estimated concentration of glucosein human urine. They reported specific
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bandat1034 cm'for glucose and established a relation between glucose-concentration in urine and Transmission(% )of
IR band.

Vijaya Ushasree and Adeel Ahmad[6] reported IR spectroscopic data on human blood and its constituents. IR
analysis was made on whole blood, plasma and serum. The characteristic spectral bands pertaining to fibrinogen,
hemoglobin, erythrocytemembranelipids and other plasma proteins were identified. They explored the possibility of
disease analysis by IR spectroscopy.

Vijaya Ushasree and Adeel Ahmad[7] presented IR spectroscopic data on human blood of groups A,B, AB
and O. IR analysis was made on 90% packed erythrocytes. The characteristic spectral bands pertaining to anti
genswere discussed. They suggested the possibility of identification of blood antigens spectroscopically.

VijayaUshasree and Adeel Ahmad[8] reported IR spectroscopic data on blood of patients suffering from
Diabetes mellitus. IR analysis was made on whole blood, plasma and serum. The characteristic spectral bands
pertaining toglucose in the medium of blood were identified.

Vijaya Ushasree and Adeel Ahmad [9] made quantification of glucose in human blood seruminmidl
Rregion4000-400cm'using FTIR Spectroscopy. The FT-IR spectraconfirmed the specific peak for glucose. A graph
between concentration of glucose and intensity of absorption showeda linear relation. There was an increase in the
intensity of absorption.

The present study is an attempt to quantitate glucose in human blood serum by using FTIR spectroscopy.

2. MATERIALS AND METHODS:

The blood samples were collected from healthy donors without adding anticoagulant and serum was separated
by removing blood clot. The serum was treated with research grade (SD Fine Chem) glucose at the concentrations of
100,200,300,400 and 500 gm/dL. Infrared spectrum was recorded in FTIR spectrophotometer (ShimadzuFTIR -
84008S) in the range of 4000 cm™ to 400 cm™. The resolution was kept at 4 cm™ and scanning time was fixed at38 Sec.
A total number of 10 scans were carried out on each sample.

3. RESULTS ANDDISCUSSION:

Fig.1. shows FTIR spectra of human blood serum treated with Urea of concentrations 100, 200, 300, 400, 500
mg/dl. Spectra show a series of bands, in the range of 4000 cm™ and 400 cm™, related to functional groups of proteins,
lipids and carbohydrates and other inorganic materials present in the blood serum. Characteristic band for Urea can be
seen approximately at 1085 cm™.
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Fig.1.(a). FTIR spectrum of human blood serum treated with Urea of concentration
100 mg/dl
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Fig.1(e). FTIR spectrum of human blood serum treated with Urea of concentration
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Tablel gives FTIR data obtained from Figl. at1085 cm™. The table reveals IR absorbance, calculated from
transmittance (%), in blood serum treated with Urea of concentration ranging from 100 to 500 mg/dl with an interval
of 100 mg/dl. A plot is drawn between Absorbance on Y — axis and glucose concentration (gm/dl) on X — axis
(Fig.2.). It is a straight line with +ve slope and also +veY — intercept, the linear regression equation of which is A =
0.0004 X + 0.2134, where A is absorbance and X is glucose concentration, and R?=0.95.

Table 1 — Absorbance of IR bands of human blood serum treated withUrea of differentconcentrations(gm/dl)

Concen&[;aitgl/(zlr;)of Urea Absorbance
100 0.25
200 0.29
300 0.36
400 0.40
500 0.41
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Fig 2.A Plot between Absorbance and concentration of Urea added to blood serum

The study concludes that FT-IR spectrum is a finger print of molecular constituent of the sample.

Theabsorbance positions of bandat wave numbers reveal the qualitative characteristics of chemical bonds and
structure of the molecule, while the intensities of absorption provide quantitative information of the sample. The
present studysuggests that the most specific band for Urea is around at1082cm™ in human blood serum. The
quantitation of urea in blood serum IR spectroscopically is very much useful for its estimation in blood of patients
suffering from diabetes and kidney diseases.
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Abstract: Anodization of Zr-4 in 0.1M EDTA (Sodium salt)has been carried out. Kinetics of anodic oxidation of
Zr-4 has been studied at a constant current density of SmA.cm™ and at room temperature. The plots of formation
voltage vs. time, reciprocal capacitance vs. time and reciprocal capacitance vs. formation voltage were drawn.
From these plots, formation rate, current efficiency and differential field were calculated. The Addition of Solvent
(Ethylene glycol) showed better kinetic results. For 20%, 40%, 60% and 80% aquo-glycolic media, the dielectric
constant values are low leading to the marked improvement in the kinetics. The surface morphology of the anodic
films was also studied by Scanning Electron Micrographs (SEM).

Key Words: Anodization, formation rate, current efficiency, differential field, Zr-4,EDTA (Sodium salt).
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1. INTRODUCTION:

Zirconium based alloys are used as structural material in the water cooled thermal reactors [1, 2]. Zr-4, due to
their low cross-section for thermal neutrons and because of their relatively good corrosion resistance against water
and steam, used in water cooled reactors. Zirconium & its alloys are of primary importance in nuclear technology.
Anodization of Zirconium alloys have been studied in some electrolytes [3-6]

In the present work, the kinetics of anodic oxidation of Zr-4 in aqueous solutions of 0.1M EDTA (Sodium
salt) and aquo-glycolic media in various proportions (v/v) of water-ethylene glycol mixtures ranging from 0% to 80%
ethylene glycol are studied. Scanning Electron Microscopic studies was also carried out to observe the changes in the
surface morphology of the anodic films formed.

2. EXPERIMENTAL:

Zr-4 was of 98% nominal purity, supplied in the form of annealed rolled sheet with 0.2mm thickness,
supplied by Nuclear Fuel complex, Hyderabad as gift samples.A typical composition of Zr-4 is 0.07wt.% chromium;
0.23 wt.% iron; 1.44 wt.% tin and balance is zirconium.

In the present work, the foil samples used were cut with the aid of a punch into flag-shaped specimens of
lem® working area on both sides and 2cm long tag. The chemical polishing mixture consisted of acids such as HNO;,
H,O&HF in a definite volume ratio of 3:3:1.
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For anodizing, a closed shell of 200ml capacity was used. The cathode used was a platinum foil of 20cm?
superficial area to make double layer capacitance as large as possible. Electrolytes used were 0.1M EDTA (Sodium
salt) in 20%, 40%, 60% and 80% aquo-glycolic mixtures, the solvent being ethylene-glycol.

All the experiments were carried out at a constant current density of 8mA.cm™. The experimental procedure
for the anodization is given elsewhere [7]. The kinetic results calculated are formation rate in Vs, current efficiency
(") % and differential fields of formation (Fp) in MV cm™ from the conventional plots Vvs. t, 1/C vs. tand 1/C vs. V.

The surface morphology of the anodic film was examined using Scanning Electron Microscope (SEM). The
SEM’s were taken at IICT-CSIR, Hyderabad.

The surface was thoroughly rinsed with distilled water and dried under infrared lamp and cleaned gently with
fine tissue paper. The surface was coated with gold, palladium conducting material using evaporation technique and
signal processed secondary electron images were taken from scanning electron microscope model SEM Hitachi- S520
at 10 KV, Hitachi instruments made in Japan (Oxford link ISIS- 300 UK)

3. RESULTS & DISCUSSIONS:

Anodization of Zr-4 was done in 0.1M EDTA (Sodium salt). The formation rate, current efficiency and differential
field were calculated. The effect of solvent on Zr-4was studied in 0.1M EDTA (Sodium salt) to check whether there
was enhancement in kinetics of film formation[8,9].

4. EFFECT OF SOLVENT:

Anodization of Zr-4 in 0.1M EDTA (Sodium salt) was performed by mixing various proportions of ethylene
glycol to the aqueous solution (20%, 40%, 60% and 80%). There was an improvement in the kinetics as given in
Table-1. The relevant plots are shown in Figures-1 & 2. Aquo-organic solutions aid in the formation of good oxide
films and act as better electrolytic capacitors [10]. These facts support the current results obtained in aquo-organic
mixtures of 0.1M EDTA (Sodium salt). It can be explained on the basis of decrease in the dielectric constant of the
medium (Table-2)

In solutions of low dielectric constant there is less chance of ion-dipole interactions (solvent-ion interactions)
which do not interfere in the oxide film formation. However, the ions in the high dielectric constant solutions interact
with oxide ions responsible for oxide film formation due to high solvation with water molecules. In such solutions, the
kinetics are poor.

The kinetics are better in low dielectric constant solutions for 20%, 40%, 60% and 80% aquo-glycolic media,
the dielectric constant values are low leading to a marked improvement in the kinetics.

5. SCANNING ELECTRON MICROGRAPHS:

Figure -3 and Figure - 4 are the Scanning Electron Micrographs of anodic films formed on Zr-4 in aqueous and aquo-
glycolic solutions of 0.1M EDTA (Sodium salt)upto 200V.
Figure 1: Plot of formation voltage as a function of time in aquo-glycolic

solution
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Figure 2: Plot of reciprocal capacitance as a function of time in aquo-glycolic solution.
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Table- 1
Anodic films formed on Zircaloy-4 in 0.1M Ethylene Diammine Tetra Acetic Acid (sodium salt) both aqueous
and aquo-glycolic media.

Electrolyte Formation Rate, Current Differential
dv/dt efficiency, n field,Fp
(Vs™) (%) (MV.cm™)
0.1IM EDTA 1.62 78.1 4.650
0.1IM EDTA+ 20% EG 1.70 82.5 4.594
0.IM EDTA+ 40% EG 1.76 85.4 4.549
0.1IM EDTA+ 60% EG 1.80 89.0 4.513
0.1M EDTA+ 80% EG 1.88 93.5 4.485

EDTA-Ethylene Diamine Tetra Acetic acid EG-Ethylene glycol

Table 2: Variation of dielectric constant as a function of solution composition

EG, % 0 20 40 60 80 100
Dielectric | 80.0 72.8 69.2 57.8 43.2 37.7
constant
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Figure 3: SEM of the film formed upto 220V in 0.1M EDTA (Sodium salt) (aqueous medium) at room
temperature (Magnification of the micrograph is X 5000)

Figure 4: SEM of the film formed upto 220V in 0.1M EDTA (Sodium salt) (glycolic medium) at room
temperature (Magnification of the micrograph is X 5000)

When compared, the roughness and non-uniformity of the surface are decreased when electrolytic medium is
changed from aqueous to aquo-glycolic medium (fig-4) is observed to be smoother than the film formed in aqueous
medium.

Vermilyea studied the formation of anodic films on tantalum in aqueous [11] and non-aqueous [12] solutions.
He suggested that the composition of film depends on the solution in which it is formed.

Seregina et al [13] studied the anodization of aluminium alloys in the solution of sulpho-salicylic acid
(90g/cc) and found that thick films are possible during anodization at room temperature. Nageshwarrao et al [14]
observed a change in the dielectric constant of oxide films by changing the medium from aqueous to glycolic

Aparna [15] also observed the same trend of increasing kinetic results with increase in glycol content in 0.1M
Picolinic acid and sodium methoxide for Zr-2 and Ti. Vermilyea[12] reported that the optical thickness was smaller in
the non-aqueous solutions, and the increase in weight for a given charge passed could be as much as twice that
expected.

Moshashi Koyama [16] carried out anodization of titanium in non-aqueous media and confirmed that the
oxide film consists of double layers and suitable for electrolytic capacitors. Wei Wei et al [17] reported the growth of
layers by anodization of tantalum in a non-aqueous electrolyte consisting of an optimized glycerol/ethylene glycol
mixture with the addition of NH,F

Schmidt et al [18] observed that the layers of TiO, obtained in non-aqueous electrolytes are much adherent
and uniform than those realized in aqueous media. ClimentMontoliu et al[19] studied the anodization of titanium in
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acid, alkali and neutral baths (aqueous and aquo-glycolic) and suggested from the structure and dielectric properties,
that the anodic coatings formed in non-aqueous media acts as better dielectric capacitors.

Panasa Reddy et al[20] and Lavanya et al [21] also studied in trisodium citrate,0.1M KOH(aquo-glycolic)
respectively and found that the breakdown voltage was higher when anodized in ethylene glycol medium. This was
also supported by other workers [22]. Shukla [23] carried out the study of effect of aquo-glycolic media on
Anodization of zircaloy-4 in 0.1M sulphamic acid and found that the addition of solvent improved the kinetic results.

6. CONCLUSIONS:

By changing the solvent medium from aqueous to glycolic, the kinetics of film formation on Zr-4 in 0.1M
EDTA (Sodium salt) have been studied and it is observed that the peak voltage, formation rate, current efficiency are
increased but differential field of formation decreased with the glycol content of solution. This can be attributed to the
decrease in the dielectric constant of the solution with the increase in glycol content of the solution.
Applications of Anodic Oxide Films:

e (Capacitors

Diodes
Semiconductors
Resistors
Photo chemical devices
As a base for selective electroplating, painting & decorative purposes
Nuclear technology (nuclear fuel storage & water cooled nuclear reactors)
Electrolytic condensers
Insulators
Good corrosion resistant
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Abstract: This paper reports on different physical, optical and FTIR properties of Cu’* doped bismuth
borate glasses.. The glasses containing (30-x)Na,0-xAl,03-69B,03-1CuO (where x = 0, 5,10 and 15
mol%) have been prepared by melt-quenching method. The physical parameters like density, molar
volume, oxygen-packing density, ionic concentration, inter ionic distance, Polaron radius were
calculated. Optical absorption spectra of these glasses were recorded in the UV-region using the
Shimadzu UV-1800 Spectrometer in the wavelength range350-1100nm. The optical band gap values
are determined from Tau’c plots. By using the measured values of the density and optical band gap, the
refractive index, dielectric constant, reflection loss, molar refractivity, electronic polarizability and
optical basicity were calculated. Results obtained from Fourier transform infrared (FTIR) spectra
indicated that sodium plays an important role in converting three coordinated boron atoms [BO3] to
four coordinated boron atoms [BO4].

Key Words: Physical, Optical, FTIR, Glasses.
\_ _J

1. INTRODUCTION:

In recent years glasses doped with transition metal ions haveattracted a great deal of attention because of their
significant applications in the field of new tunable solid-state lasers, solarenergy converters and fiber-optic
communication device [1]. B,Osis often used as dielectric and insulating material and it exhibit the optical isotropy
[2,3]. The oxide glasseswere studied by various authors using EPR, optical, physical and FTIR techniques [5,6]. The
addition of alkali oxides such as Li,O, K,O, and Na,O improve theirphysical properties and preparation conditions.
Generally Na,O being a network modifier as it modify the borate network by forming either BO, units or non-
bridging oxygen ions (NBOs) [7].To improve the physical properties,to increase the glass strength and to decrease the
crystallization tendencyAl,Osis added to the glass network [6].Al,Osenter into the glass network forming AlOand
AlQg structural units, these units are crosslink with the neighboring borate chains.

2. EXPERIMENTAL:

In the present investigation glass samples with general formula (30-x) Na,0-xAl,0;-69B,0;3-1CuQO (with
x=0, 5, 10 &15mol%) were prepared by conventional melt-quenching method. For the preparation of glass samples,
analar grade chemicals of EMERAK make H;BO;, Al,O;, Na,O and CuO were used.The appropriate mole
concentrations were weighed in monopan digital balance and finely grounded. These compositions wer% taken in

porcelain crucible and were placed in an electrically heated carbide rod furnace maintained around 1100 C. These

mixtures took nearly 60minutes to melt congruently. Further these molten mixtures were stirred to achieve
0

homogeneity. These melts were quenched by pouring the melt on pre heated (maintained at 200 C) stainless steel
0

plate and pressing with another stainless steel plate. These glasses were annealed at 200 C for 24hours to relieve the
stresses. The composition of the glass samples prepared are given in Table 1. Optical absorption spectra were
recorded using the shimadzuUV-1800 Spectrophotometer in the wavelength region 350-1100nm. The uncertainty in
the measurement was +1 nm.

3. RESULTS AND DISCUSSIONS
3.1 Physical Parameters:
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The density (p) of each glass sample was estimated from Archimedes principle using the relation
Wa

P= Wa—wp “Po
Where py, -density of reference liquid Xylene (=0.865g/cc) while W, and W, are the weights of the glass sample in air
and Xylene respectively. Using the density values molar volume Vm was calculated using this formula

From the calculated values of both density (d) and molar volume other related physical parameters, such as
oxygen packing density (OPD), copper ionconcentration (), interionic distance (r;), polaron radius (rp) of the glasses
have been computed byusing the relevant expressions available in literature [8].The estimated physical properties of
these glasses are given inTable 1.

Table 1:Composition, density (p), molar volume (V) ), Oxygen packing density (OPD), copper ion concentration (N;),
Polaron radius(R,), Inter ionic distance (R;) of NABC glasses
COMPOSITION Density Vo OPD N; Polaron | Interoinc
(g/cc) (cc/mol) | (g.atm/l) (10% Jec) radius distance
(10’ cm) | (10°cm)

30Na,0-0A1,0;-69B,0;-1Cu0 (NABC-1) 2.45 48.03 | 51.63 3.07 1.73 7.00
25Na,0-5A1,0-69B,0;-1CuO(NABC-2) 2.67 43.98 | 58.67 3.66 1.64 6.61
20Na,0-10A1,0,-69B,0;-1CuO(NABC-3) 2.55 46.03 | 58.22 3.33 1.69 6.82
15Na,0-15A1,05-69B,0;-1CuO(NABC-4) 2.41 48.93 | 48.64 2.96 1.75 7.08

The density (p) of the present glasses is decreasing from 2.67g/cc to 2.40g/cc with increasing Al,O; mol%
from 5 to 15 mol%.The density of Al,O; free glass is found to be 2.45g/cc. The molar volume values are increasing
on increasing Al,Osmol% from 5 to 15 mol%. The density of Al,O; (3.95g/cc) is greater than the density of Na,O
(2.27). On increasing Al,Osfrom 5 mol% to 15 mol% one expects density should increase but on contrary density is
decreasing. The decrease density maybe due to the formation of AlO, and AlOgunits at the expense of BO; and BO,
units. The bond length of AI-O bond is comparatively larger than B-O bond length. due to this molar volume is
increasing and density is decreasing [6]. Hence it is concluded that the density is decreasing while the molar volume is
increasing nonlinearly with increasing Al,O; content except the Al,O; absent glasses. The density and molar volume
are showing opposite behavior to each other.

3.2. OPTICAL BAND GAP ENERGY (Eopr) AND URBACH ENERGY (AE)

The study of the fundamental absorption edge in the UV-region is a useful method for the investigation of
optical transitions and electronic band structure in crystalline and amorphous materials. There are two types of optical
transitions that can occur at the fundamental absorption edge of crystalline and amorphous. They are direct and
indirect transitions. In both the cases, electromagnetic waves interact with the electrons in the valence band, which are
raised across the fundamental gap to the conduction band. Davis and Mott gave the following forms of absorption co-
efficient a as a function of photon energy for indirect transitions.

a(v) = B(hw — Epp)?/hv
Where E, is indirect optical band gap and B is a constant for indirect transitions, Using the above equation, by
plotting (ahv) "as a function of photon energy hv ,one can find the optical energy band gap (Eopy) for indirect
transitions.

(ahv)m

1 2 3
energy(hv)

Figure 1. Tauc’s plots of NABC glasses
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The Urbach energy gives the width of the tails of localized states within the optical band gap. At the
absorption edge, random internal electric fields will dominate the broadening of the exciton levels due to the lack of
long-range order or presence of defects. The main feature of the absorption edge of an amorphous semiconductors is
an exponential increase of the absorption coefficient (a) with photon energy (h v) in accordance with an empirical
relation given by
a=ayexp(hv/AE)
here ‘@’ is a constant, ‘AE’ is the Urbach energy which indicates the width of the band tails of the localized states
and ‘v’ is the frequency of radiation. Urbach energy is a measure of disorder in the amorphous and crystalline solids.
The AE values are evaluated from the Urbach's plots of In(a) versus(hv) by taking the reciprocal of the slopes of the
linear portion of the curves. Optical band gap and Urbach energy values are given in Table 2, and it is observed that
these values are varying non-linearly with increase of Al,O;.

—=— NABC-1
—e— NABC-2
—4— NABC-3
—v— NABC-4

In(a)

1 2 3
energy(hv)

Figure 2.Urbach energy plots of NABC glasses

Table 2:Energy gap (E,,), Urbach Energy(AE), Refractive Index (n), dielectric constant (nz), Reflection loss and molar
refractivity (R,,) of NABC glasses

COMPOSITION E (eV) AE@€V) |n n’ R R,, (cm™)

NABC-1 245 0.55 6.03 |36.33 0.51 44.27

NABC-2 2.66 0.39 5.89 | 34.79 0.50 40.39

NABC-3 2.71 0.49 587 | 3445 0.50 4224

NABC-4 2.60 0.47 593 |3521 0.51 4498
3.3. FTIR SPECTROSCOPY

The Fourier transform infrared (FTIR) spectroscopy is the most useful technique to identify the functional
groups and to know the molecular structure.
Table 3 :FTIR peak positions and their assignments

NABC-1 NABC-2 NABC-3 NABC-4 Bond assignment

463 447 475 464 AlQ, Vibrations

702 699 701 703 stretching vibrations of Al-O bond in AlOg
groups combined with B—-O-B bending
vibrations

820 827 816 -

928 948 924 936 B-O bond stretching’s in BOy4 units and Al-O
in AlOy4

1064 1050 1070 1055 Stretching vibration of B-O-B in [BO4] tetrahedron

1188 - 1163 1198

1352 1353 1359 1377 pyro borate groups containing BO3

1637 1637 1636 1630 Diborate linkage, B-O-B networks

FTIR spectra of (30-x) Na,O-xAl,05-69 B,0;-1CuO recorded in the range 400 to 1600cm™ which exhibited
vibrational bands at around 460, 680, 850, 940, 1030, 1150 and 1400cm™ The bands between 463-466cm™ are
attributed to AlO, vibrations [9, 10], A narrow absorption peak found around 700 cm’ s assigned to the stretching
vibrations of Al-O bond in AlOg groups combined with B-O—B bending vibrations in BO; units.
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Figure 3. FTIR spectra of NABC glasses

B-O-B bond bending vibrations from penta borate group are assigned to the bands between 669-708cm™. The
bands found between 816-827cm’ are due to diborate linkage, B-O-B networks in the glass system while the bands
from 930 to 945cm™ are arised from B-O bond stretching’s in BO, units and Al-O in AlO4[11,12]. B-O stretching
vibrations of BO, units from tri-, tetra-, penta borate groups are arised from the bands 1003-1053cm™, 1129-1193c¢m™
are due to diborate groups and 1348-1439cm™ are due to presence of pyro borate groups containing BO5[13-14]. The
broad absorption band at around 1630-1637cm ' was occurred due to asymmetric stretching relaxation of B-O bonds of
trigonal BO; units [11].

4. CONCLUSIONS

1. The density is decreasing while the molar volume is increasing nonlinearly with increasing Al,O; content. The
density and molar volume are showing opposite behavior to each other.

2. Optical band gap andUrbach energy values are varying non linearly with increase of Al,Os.

3. FTIR spectra of the present glasses exhibited vibrational bands at around 460, 680, 850, 940, 1030, 1150 and
1400cm™ . These bands are assigned to AlOy vibrations, Al-O bond in AlOg groups combined with B-O-B bending
vibrations in BO; units, B-O-B bond bending vibrations from penta borate group,todiborate linkage, B-O-B networks
in the glass system, B-O bond stretching’s in BO, units and Al-O in AlOjand B-O stretching vibrations of BO, units
asymmetric stretching relaxation of B-O bonds of trigonal BO; units.
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(Abstract: The cutting-edge investigation reports about the evaluation of antibacterial studies of AgNPs\
(AgNPs) using an aqueous leaf extract of Passiflora edulis as reducing agent and polyvinyl alcohol (PVA) as a
capping agent. This is simple, one pot, and rapid, eco-friendly, non-toxic and cost-effective method for the
synthesis of AgNPs. Synthesis of AgNPs using plant extract has more advanced biological applications as they
are the sources of the active compounds which were used in many medical remedies. So this active compound of
phytochemicals from the Passiflora edulis plant extracts acts as a reducing agent for the synthesis of AgNPs.
The synthesized PVA capped AgNPs were characterized by using diversify instrumental techniques such as UV-
Vis spectroscopy reveals the formations of AgNPs as they depicting maximum absorption peak at 436 nm due to
surface plasmon resonance. The Fourier transform infrared spectroscopic studies were conducted to know the
phytochemicals responsible for the synthesis of AgNPs from the studies of the vibration bands of functional
groups. The crystalline nature of the synthesized AgNPs had been studied by X-ray diffraction studies and the
average particle size was found to be 24 nm calculated using Debye-Scherrer formula. The morphology of the
AgNPs was studied by Scanning electron microscopy and the elemental signal profile carried out automatically
with Energy dispersive spectroscopy, which coupled with SEM as it shows spherically shaped particles and the
energy dispersive spectroscopy data showing a good atomic and weight content of stable silver. The
characterized AgNPs afterward used for the antibacterial studies of the four harmful bacteria Escherichia coli,
Bacillus subtilis, Pseudomonas putida, and Staphylococcus aureus, which exhibited high activity. The
conducted studies constitute the premise for further investigations of the potential use of AgNPs as a
chemotherapeutic.

Key Words: PVA capped AgNPs, Passiflora edulis, Scanning electron microscopy, X-ray diffraction,

\Antibacz‘erl’al studies j

1. INTRODUCTION:

Currently, the nanoscience and nanotechnology become a broader area because of its increase of usage in the
many fields. Nanoparticles possess advanced applications based on their particle size, distribution, capping agents,
shape, and other morphological features. They are show difference in properties and applications while compared to
their bulk state because they have a large volume to surface ratio as particle size decreases the volume to surface ratio
was increasesd due to this fact, nanotechnology becomes the most emerging area in the present era. Nanoparticles can
be synthesized various chemical and physical methods. Recently synthesis of nanoparticles using various parts of
medicinal plant extracts owning different active compounds of phytochemicals have more advanced improvised
properties in medicinal fields as this active compounds were combined with the metal nanomaterials. The metal
nonoparticles having distinctive properties in many fields, particularly various applications of silver nanoparticles
(AgNPs) includes sensing devices, information storage [1], recording media [2], biosensor design, catalysis [3],
optoelectronics4, wound healing [5], pollution control [6], genetic disorders detection [7] and determination of ct-
DNA [8].

The selected plant for the phytomediated PVA capped AgNPs was Passiflora edulis its common name was
passion fruit belongs to the family Passifloraceae. It was cultivated commercially for its seedy sweet fruit. The plant
has shallow-rooted, woody. The alternate, evergreen leaves with 3 lobes in the mature stage and finely toothed, 3 to 8
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in the long, deep-green and glossy look above the leaf and dull beneath, The selected plant leaves were shown in
Figure 1.1. A single, fragrant flower, 2 to 3 in width, is borne at each node on the new growth. The fruit yellow in
color when ripe. The fruit was with a soft to firm, juicy interior filled with numerous seeds. The fruit is both eaten and
juiced. The review reveals the presence of wide ranges of phytochemical constituents from the plant like flavonoids,
tannins, phenol, glycosides, fatty acids, alkaloids. The leaves and fruit having high medicinal values like seed
containing high amounts of piceatannol inhibits melanogenesis and promotes collagen synthesis [9] and possess
anticancer properties [10]. The flavonoids from the leaf extract possess the antioxidative capacity [11]. The peptides
from seed used against antifungal activity [12]. The plant has anti-inflammatory, anticonvulsant, antimicrobial,
antihypertensive, anti-sedative properties, also it can be used in remedial measures for treating conditions like
osteoarthritis, asthma and act as a colon cleanser. The different parts of the plants have also been used for the
treatment of ulcers, hemorrhoids, as sedatives, a remedy for insomnia, digestive stimulant and a remedy for gastric
carcinoma.

The current study reports about the phytomediated PVA capped AgNPs using Passiflora edulis aqueous leaf
extract as reducing agent, silver nitrate as a precursor and polyvinyl alcohol (PVA) used as a capping agent. Then the
phytomediated PVA capped AgNPs were characterized via using various instrumental techniques such as UV -visible
spectroscopy (UV-Vis), Fourier transform infrared spectroscopy (FTIR), X-ray diffraction studies (XRD), scanning
electron microscopy-energy dispersive spectroscopy (SEM-EDS). The main objectives of the study was to evaluate
the antibacterial activity of the Passiflora edulis phytomediated PVA capped AgNPs against four human harmful
bacteria.

2. MATERIALS AND METHODS:
2.1 Materials

Passiflora edulis plant leaves had been collected from locally from Hyderabad, India. Silver Nitrate (AgNO;)
was purchased from SD fine chemicals. The bacterial test strains were procured from IMTECH, Chandigarh. The
media for the growth of bacterial strains was purchased from Himedia laboratories, Mumbai, India. Glassware used in
the investigation was acid washed then rinsed with distilled water thoroughly. Deionized water used throughout the
experiment.

2.2 Preparation of plant extract

The collected plant leaves were cleaned using running tap water followed by rinsing with the distilled water,
then dried under shade for 10 days. After drying the plant leaves were ground to fine powder with mortar and pestle.
The 5 gm of dried plant powder weighed and mixed with 1000 ml of distilled water and kept for stirring with the
heating temp at 60°C for 1 hour. After stirring the plant extract solution filtered and collected in 1000 ml screw cap
bottle stored at 4°C for further use in the synthesis of AgNPs.

2.3 Synthesis of phytomediated PVA capped AgNPs

500 ml of the 2M AgNOj; aqueous solution was prepared and mixed with the 500 ml of previously prepared
plant extract and kept for stirring at 500 rpm, temp at 60 °C. After 5 minutes of reaction, 30 ml of 1% v/v PVA was
added dropwise. After proper mixing of reagents, the solution pH was increased to 8 by adding NaOH dropwise. After
15 min of reaction, the reaction mixture turns deep brown color from pale yellow color shown in Figure 1.2. The
reaction mixture allowed for 1 more hour to complete the reaction. After completion of the reaction, the colloidal
solution subjected to centrifugation with 10000 rpm to collect the concentrated colloidal nanoparticles solution, then
kept in a hot air oven at 60 °C for overnight to obtain a moisture free sample then the sample was scraped and ground
to fine AgNPs powder.

Figure 1. 1. The selected plant leaves, Figure 1. 2. a) Fabricated AgNPs after reaction b) prepared aqueous
plant extract ¢) AgNOj; solution
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2.4 Characterization Techniques

The UV spectra of the biosynthesized nanoparticles were recorded by using a UV 2600 UV-VIS
Spectrophotometer, Shimadzu by continuous scanning from 200-800 nm and the distilled water was used as the
reference for the baseline corrections. FTIR Analysis carried out to identify the phytochemical biomolecules in
Fassiflora edulis which were responsible for the reduction of silver ions to stable AgNPs. Small amount of formed
AgNPs used to make KBr pellets then subjected to FTIR analysis using IR Affinity-1 Shimadzu model instrument,
with 4500-500 cm™ wavelength range. The crystalline structure of synthesized AgNPs was confirmed by X-ray
diffraction studies. X-ray Diffraction analysis of AgNPs was measured by using Philips Xpert PRO, Instrument with
Cu Ko X-Ray source with voltage 40kV, with the scanning rate 20min”' in #=26 configurations. The biosynthesized
AgNPs were subjected to ZEISS Special Edition 18 Scanning electron microscope to determine their morphology. A
Thin film of the sample was prepared by dropping a small amount of the sample on the carbon coated copper grid,
then the film on the SEM grid was allowed to dry by keeping aside for 5 min and the images were taken. The EDS
microanalysis system which automatically identifies the elements which were corresponds to the peaks in the energy
distribution.

2.5 Antibacterial studies

The antibacterial activity of AgNPs from Passiflora edulis was tested by using the well-diffusion method. The
fresh cultures of four selected bacteria Escherichia coli, Pseudomonas putida, Staphylococcus aureus, Bacillus
subtillis were prepared. Nutrient agar media was prepared by dissolving 2.8 gm nutrient agar in 100 ml distilled water
then autoclaved. Petriplates were made by pouring 20 ml of sterilized media in each plate and spread with 50 pL for
different specific bacteria. Then wells were punched and various concentrations of respective samples were added
where ampicillin drug used as a control sample, then plates were incubated at 37 °C for 12 hours to observe the zone
of inhibition which measured in mm.

3. RESULTS AND DISCUSSIONS:

Formation of AgNPs was confirmed by converting the pale yellow color of the solution to dark brown color,
due to surface plasmon resonance (SPR). SPR is the optical property exhibited by some metals nanoparticles [13].
The maximal absorption SPR peak in the UV-Vis spectra of Passiflora edulis phytomediated PVA capped AgNPs
was noticed at 436 nm was shown in Figure 2. 1. which confirmed the formation colloidal nanoparticles as the
generally the AgNPs exhibit the characteristic peak between 400-450 nm [14]. The reduction of Ag+ into Ag’ by
using plant extract was confirmed by using FTIR analysis by understanding the vibrational peaks corresponding to the
phytochemicals of selected plant leaf extract. The main peaks of FTIR data observed in Figure 2. 2 at 3331, 1638,
725 which may be due to O-H Stretching or N-H Stretching (alcohols, phenols); -C=C- stretch or N-H Bend
(alkenes.1 0 amines), N-H wag or C-H oop (1 0, 2 Oamines or aromatics) respectively, same results were observed in
articles [15, 16]. The two important bands at 2912 cm™ and 2845 cm™ of C-H stretching corresponded to aldehydes of
PV A sample reveals the PVA was acting as capping agent which surrounded the AgNPs. The crystalline nature of the
AgNPs was affirmed by using XRD data as the °2 Theta positions at 38.18, 46.17, 67.33, 76.76 were shown in Figure
2. 3 it is revealing the peaks correspond to the lattice plane of (111) (200) (220) (311) of AgNPs, the data coincide
with the JCPDS file no. 04-0783. The average diameter of nanosilver particles found to be 24 nm, calculated using
below mentioned Debye-Scherer formula. The particle diameter was distributed between from 13-54 nm. The SEM
images of phytomediated PVA capped AgNPs shown in Figure 3. 1 depicting the nano crystalline particles, with the
spherical shape and homogeneous monodispersive in nature. The Figure 3. 2 of EDS spectral data analysis showing
the signals of various corresponding elements with weight % and atomic % of and Ag as 68.68% and 28.09% and to
the other elements present.

D = KM cosd

) Where K is the Scherrer constant with a value from 0.9 to 1 (shape factor), 4 is the X-ray Wavelength (1.5418
A), 6 is the Bragg angle, B is the FWHM is full width at half maximum in radians.
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Figure 2. 1. UV-Vis spectral graphs of a) aqueous leaf extract b) fabricated AgNPs c¢) AgNO3 solution, Figure
2. 2. FTIR spectra of a) fabricated AgNPs b) aqueous leaf extract, Figure 2. 3. XRD data of fabricated AgNPs

Out 1 Mar 2017
Timo 410128

BT=100W  Mag= S000KX
WO=80mm  Sgndasser

Oute:t1 ver 2017 [N PHYSICS
Tiva 440324 ou

ull Scale 2181 cts Cursor: 0.000

Element

Weight%

Spectrum 1
Atomic%

CK

8.41

17.14

OK 17.01 46.8
Mg K 0.99 1.8
Si K 1.56 2.44
Cl K 1.47 1.83
Ca K 1.73 1.9
Ag L 68.82 28.09

Totals

100

100

Figure 3. 1. SEM images of fabricated AgNPs at various magnifications, Figure 3. 2. EDS spectral data of
elemental signals along with weight % and atomic % of element presence.

3.1 Antibacterial activity
AgNPs was used in medicinal properties for several years [17]. The antibacterial activity of phytomediated
PVA capped AgNPs was investigated against harmful bacteria Escherichia coli, Bacillus subtilis, Pseudomonas
putida, and Staphylococcus aureus using the well diffusion method. The various concentrations of AgNPs were added
as 40 puL, 80 pL, 120 pL, 160 pL. The clear zone of Inhibition [18] was observed in Figure 4 against three tested
bacteria where no activity was observed in the case of Bacillus subtilis. The highest activity was observed for
Pseudomonas putida. The linear increase of activity was detected with increasing the concentration of the AgNPs.

The zone of inhibition in mm of various concentrations of AgNPs was tabulated in Table 1.

Tablel: Zone of inhibition in mm for various concentrations of AgNPs

Bacteria 40 uL | 80uL 120uL 160uL ampicillin
Escherichia coli 16 17 19 19 28
Pseudomonas putida 18 18 20 23 29
Staphylococcus aureus 10 11 12 13 14
Bacillus subtilis - - - - -
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Figure 4: Zone of inhibition of antibacterial activity against a) Escheritia coli b) Pseudomonas putida c)
Staphylococcus areus d) Basillus subtillis

4. CONCLUSIONS:

The reported study concludes that the phytomediated PVA capped AgNPs was a one-pot, simple, fast,
environmentally friendly, nontoxic method, and useful for the bulk preparation of nanoparticles. The fabrication of
AgNPs was confirmed by UV-Vis spectroscopy. The FTIR study suggests that the phytochemicals from Passiflora
edulis leaf extract responsible for the reduction of ionic silver as stable metallic AgNPs and PVA was capped around
the particles. The crystalline structure and the average diameter of nanosilver particles found to be 24 nm by using
XRD data. The SEM images depicting the nanocrystalline particles, with the spherical shape and homogeneous
monodispersive in nature. Based on the study, the prepared AgNPs using leaf extract of Passiflora edulis offer
effective bioactive factor for growth inhibition of bacteria as it suggests that the phytomediated PVA capped AgNPs
can be used as an antibacterial drug in most of the medical fields.
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Abstract: Tin dioxide (Sn0,), Zinc oxide (ZnO) and SnO,-ZnO nanofibers have been fabricated by
electrospinning and subsequent calcination process. Polyaniline (PANI) was in-situ grown on SnO, ZnO and
Sn0,-ZnO nanofibers by chemical oxidative polymerization via chemical bath deposition. The as-prepared
PANI/SnO,, PANI/ZnO and PANI/SnO;,-ZnO nanofibers were characterized by scanning electron microscopy
(SEM), energy dispersive x-ray spectroscopy (EDX) and ultraviolet visible (UV-VIS) spectroscopy. SEM
micrographs revealed the formation of inorganic electrospun nanofibers with coating of PANI. EDX spectra
revealed the presence of elements Zn, Sn, O, N, S and C in PANI/SnO,-ZnO nanofibers. Sensor functionality of
the hybrids was studied toward different chemical vapors at room temperature. In-situ synthesis technique
enhanced the conductivity and response of PANI/SnO,-ZnO nanofibers towards different chemical vapors in
comparison to that of pure nanofibers. PANI/SnO,-ZnO nanofibers have been developed for sensing different
vapors at room temperature with high specificity. This is attributed to the formation of greater number of p—n
heterojunctions through large surface interaction of the analyte species.

Key Words: Nanofibers; Polyaniline/SnO,-ZnO; Nanocomposites; Electrospinning; Vapor Sensing.
\ _J

1. INTRODUCTION:

Vapour sensors have been widely used in a wide range of areas, such as chemical, biomedical, and food
industries, wine-quality monitoring, environmental safety and breath analysis. In these applications, it is desired that
the vapour sensors exhibit features, such as high sensitivity, high selectivity, high stability, low working temperature,
short response and recovery times, etc. The toxic gases HCl (Hydrogen Chloride) and NH; (ammonia) are present in
the human body as well as evolved during the various processes at the production level in industries, during spraying
of pesticides in agricultural farms, while making use of the household cleaning products, etc. Hence there is always a
small and finite possibility that these gases get inhaled during respiration. Larger amount of these gases inhaled over
longer duration may prove harmful to the living beings. Moreover since both these gases are soluble in water, they not
only increase the risk factor of human life but pose a risk to the aquatic life too. Therefore, a great deal of research
effort has been devoted to the development of functional materials that may be exploited for the construction of high-
performance vapour sensors. Among these, polymer composites reinforced with 1 Dimensional metal-oxide
nanostructures have attracted particular attention, primarily because of their unique physical and chemical properties
that arise from the large band gap energy, interesting surface chemistry, as well as high surface to volume ratio, high
aspect ratio and high porosity [1-2]. SnO, and ZnO demonstrate to be excellent candidates for high sensitive gas
sensors. In particular, the coupled oxide nanocomposites such as SnO,/ZnO have received great attention and
investigations to improve the gas-sensitive properties of the sensors [3-5]. The sensing mechanism of metal oxide
materials mainly relies on the change of electrical conductivity contributed by interactions between metal oxides and
surrounding environment. Despite the great success of metal oxide based gas sensors in both scientific research and
practical applications, they generally have to work at high temperatures, which bring about the problems such as high
power consumption and reduced working life. Moreover, greater efforts have been devoted to the nanocomposites of
metal oxides with conducting polymers, including polyaniline (PANI), since the nanocomposites are easy to prepare
and could show much improved gas sensing characteristics than the constituent components at room temperature [6-
7]. The combination of PANI with metal oxides, create p-n heterojunction seems to be a suitable strategy for the
improvement of chemical vapor sensor efficiency at room temperature [8].

2. EXPERIMENTAL:
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Preparation of ZnO nanofibers and SnO;-ZnO/PANI nanocomposites on the substrate

In a typical procedure, 2 g of Zn(O,CCHj3), (H,O) and 0.5 g of SnCl,-2H,0 was dissolved in 5Sml DMF and 5
ml of ethanol under vigorous stirring for 1 h at 60°C. Subsequently, 1.0 g PVP was added into the above solution
under vigorous stirring for 4h. The mixture was loaded into a glass syringe with a needle of 0.5 mm in diameter at the
tip and was electrified using a high-voltage DC supply for electrospinning. Electrospinning apparatus consists of a
syringe pump, DC high voltage source and rotating or stationary collector. The spinning solution was kept in a
vertical syringe with a stainless steel needle having an orifice of 0.5mm. The needle was electrically connected to a
positive high voltage. 17 kV was provided between the tip of the spinning nozzle and the collector at a distance of 20
cm and the solution flow rate was kept at 0.4ml/h was maintained using computer control programmer. Thus, the
fibers were prepared successfully. Calcination (300°C in air for 4 h) was performed to remove the organic constituents
of PVP and crystallize the SnO,-ZnO nanofibers. The pristine ZnO nanofibers were also obtained with free addition
of SnCl,-2H,0 by the same procedure. The nanofibers of ZnO/PANI and SnO,-ZnO/PANI composite were prepared
by chemical oxidative polymerization of aniline on the substrate bearing pure ZnO and SnO,-ZnO nanofibers. The
concentration of the dopant, CSA was 0.5 M and the oxidizing agent (APS) and the injected aniline was 0.2 M.
RESULTS AND DISCUSSION:

The SEM images show smooth fibers with several millimetres length and an average diameter in the range of
about 200 nm of pure ZnO nanofibers and diameter increased t(go 800 nm when PANI is encapsulated (Fig.1).
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Fig.1: SEM image of pure ZnO and ZnO/PANI nanofibers
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Fig.2: SEM image of SnO,-ZnO and SnO,-ZnO/PANI nanofibers
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The composite fibers were intertwined forming porous networks that are randomly distributed on the

substrate. It indicates that the fabricated film is good for gas sensing. SEM micrographs of SnO,-ZnO composite
nanofibers shows smooth edges and larger diameter around 370 nm compared with pure ZnO nanofibers and diameter
of SnO,-ZnO/PANI composite is increased again as shown in Fig. 2. The EDX spectrum of the calcined nanofibers,
shown in Fig. 3, indicates that the as-prepared SnO,-ZnO/PANI nanocomposite is composed of O, Sn, C, Zn, S and N
elements. SEM image confirmed their polycrystalline nature. The Energy Dispersive X-Ray Spectroscopy (EDX)
analysis also confirmed that the composite sample consists of a band attributed to sulfur (sKa 2.21 keV) which
indicates the incorporation of —~SO® — as counter ion in the structure of PANI nanofibers. The H signal in composite is
not present due to its lower energy and Sn and Zn peaks are related to SnO,-ZnO composite nanofibers [9-10].
Fig.4 shows UV-VIS spectra of ZnO/PANI and SnO,-ZnO/PANI nanofibers. ZnO/PANI shows three characteristic
peaks of absorption at wavelength 288 nm, 367 nm and 600 nm respectively [5]. The peak at 288 nm in UV region is
due to the m-n* transition of benzenoid ring; the peak at wavelength 367 nm, is due to the polaron—n* transition and
the peak at wavelength 600 nm, is attributed to the m—polaron transition. In addition, the peaks at wavelength 367 and
600 nm in the visible region arise owing to the doping level and the formation of polarons. Optical absorbance bands
for SnO,-ZnO/PANI composite nanofibers showed red shift and the results are consistent with the SEM Results.
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Fig.3: EDX Spectra of pure ZnO, SnO,-Zn0O, ZnO/PANI and SnO,-ZnO/PANI nanofibers
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Fig.4: UV-VIS Spectra of ZnO/PANI and SnO,-ZnO/PANI composite nanofibers
3. CHEMICAL VAPOR SENSING:

On exposure to HCI and NH;, the composite film (ZnO/PANI and SnO,-ZnO/PANI) nanofibers resistance
changes from its original value, indicating that the electrical resistance is a sensitive parameter in the presence of gas
analyte (Fig.5). On exposure to ammonia gas (100 ppm in air) at room temperature, it was found that the
nanocomposites film resistance increased from the respective unexposed value and decreased for HCl. These changes
on removal of ammonia and HCI gas are reversible in nature, and the composite SnO,-ZnO/PANI showed good
sensitivity with relatively faster response/recovery time for both gases while, the pure ZnO, SnO, and SnO,-ZnO
composite nanofibers sensor remains insensitive towards different chemical vapors at room temperature [8]. The
response (R=R,/R;) of composite film was calculated. The resistivity of the composites increases in presence of NH;
because of the undoping of PANI or the reduction of charge carriers by adsorption of ammonia on the surface of
material (sensor). Ammonia gas molecules withdraw protons from N*—H sites to form energetically more favourable
NH," due to which PANI changes from the emeraldine salt state to the emeraldine base state, leading to the reduced
hole density in the PANI and thus an increased resistivity. When the sensor is purged with dry air, the process is
reversed; NH," decomposes to form NH; and resistance recovered [1]. But for HCI, the process is completely
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reversible. The HCI molecule donates H+ ions to the PANI Chain, thus increasing the number of positive charge
carriers in the material. This results in decrease in the electrical resistivity of the sensor. Among the composites SnO,-
ZnO/PANI shows enhanced sensing properties such as high response, less response and recovery time and high
conductivity as compared with the ZnO/PANI nanofibers at room temperature.
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Fig.5: Resistance-Time graph of (a) ZnO/PANI and SnO,-ZnO/PANI nanofibers at room temperature
Table 1 shows sensing parameters for composite nanofibers at Room Temperature

Parameters ZnO/PANI SnO,-ZnO/PANI
HCl NH; HCl NH;
Response (R) 0.21 0.8 1 0.84
Response Time (sec) 59 70 42 70
Recovery Time (sec) 505 212 29 182

4. CONCLUSION:
The pure ZnO, Sn0O,-ZnO, ZnO/PANI and SnO,-ZnO/PANI nanofibers were successfully fabricated via
electrospinning and oxidative polymerization in chemical bath deposition technique. The as-fabricated SnO,-

ZnO/PANI sensor has shown high response, high conductivity, short response and recovery time at room temperature
than ZnO/PANI. Also SnO,-ZnO/PANI shows good results for HCI vapors than NH;;
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Abstract: In this paper, we report the fabrication of ZnO/carbon nanofibers (CNF) through one step
electrospinning using zinc acetate and polyacrylonitrile (PAN) followed by stabilization and carbonization
process. Polyaniline (PANI) encapsulated ZnO/CNF was prepared by in-situ polymerization for high
performance supercapacitor electrodes. Morphology, elemental mapping and electronic states of as-prepared
PANI/ZnO/CNF composite electrode were analysed by scanning electron microscopy (SEM), energy dispersive
x-ray spectroscopy (EDX) and UV-VIS spectroscopy respectively. The electrochemical performance of the
PANI/ZnO/CNF composite electrodes was compared to that of pure CNF, PANI/CNF electrodes in aqueous
H,S50, as the electrolyte in three electrodes electrochemical cell. Electrochemical measurements of
PANI/ZnO/CNF, PANI/CNF and pure CNF electrodes revealed the maximum specific capacitance, high energy
density and excellent cycle life for PANI/ZnO/CNF electrode as compared to that of PANI/CNF and pure CNF
electrodes. The combination of electric double layer charge (EDLC) capacitance from high surface area of
CNF and pseudo-capacitance from PANI and ZnO facilitates the synergistic effect to enhance the
electrochemical performance of PANI/ZnO/CNF composite electrode. This improvement in electrochemical
performance suggests that PANI/ZnO/CNF electrodes are promising for the next generation high performance
supercapacitors.

Key Words: Polyaniline; Carbon nanofibers; Zinc oxide; Electrospinning; Nanocomposites, Electrochemical
propetrties. )

1. INTRODUCTION:

The great energy demand and ever escalating environmental problems can be fulfilled by supercapacitor or
ultracapacitor which has features such as more efficient energy supply, high power density, long cycle life (>100,000
cycles), rapid charging/discharging rate, and long-term operation stability and has been extensively studied and
considered to be one of the most promising alternative energy storage systems for future [1]. On the basis of energy
storage mechanism, supercapacitors are classified into electrical double-layer capacitors (EDLC) and
pseudocapacitors. EDLC represents a charge-storage mechanism as a nonfaradaic process, whereas pseudocapacitor is
a redox mechanism as a faradaic process. The unique materials related to EDLC are carbonaceous materials, such as
carbon nanotubes (CNT), graphene and carbon nanofibers [2]. Among them, carbon nanofibers are displaying
outstanding electrical conductivity, high surface area, high pore volume, and adjustable pore sizes. They have been
considered as the most promising electrode materials in supercapacitors. To further improve the capacitive
performance of carbon nanofibers based supercapacitors, metal oxides and/or conducting polymers have been
introduced into carbon electrodes due to their high pseudocapacitance based on fast and reversible surface redox
reaction [3, 4]. Among the various metal oxides, zinc oxide is found to be a suitable candidate for supercapacitor
applications because of its good electrochemical activity, low cost as a raw material, and environmental friendliness.
Recently, ZnO/carbon hybrid materials were used for enhancing the capacity of EDLC and PC. Kim et al have
reported the fabrication of ZnO/carbon nanofibers by electrospinning and showed the specific capacitance 275 F/gm
[5]. Further, the specific capacitance can be enhanced by using conducting polymer with carbon nanofibers.
Conducting polymers such as polyaniline (PANI), polypyrrole (PPy) and polythiophene (PTh), with advantages of
good electrical conductivity and multiple intrinsic redox states leading to large theoretical specific capacitance,
are better candidates and have attracted growing interests. Among the various conducting polymers, polyaniline
(PANI) has been considered as a promising candidate due to its high pseudocapacitance, low cost, facile synthesis and
environmental stability. However, because redox reactions are involved in their charge—discharge processes, the
conducting polymer-based pseudocapacitors suffer from poor cycling stability and rate capability [6].
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Herein, we present the fabrication of the novel hybrid ternary carbon nanofibers/ZnO/polyaniline (CZP) by a
facile electrospinning and in-situ polymerization methods. Coating of PANI on ZnO/CNF may help increasing the
specific capacitance of supercapacitor due to pseudo capacitance of PANLThe ternary hybrid CZP may utilize the
advantages of three kinds of components and avoid the drawbacks of each one, leading to a high specific capacitance.

2. EXPERIMENTAL:

ZnO/PAN-based fibers were prepared by electrospinning. Zinc acetate (10 wt%) as the Zn precursor and a 10
wt% PAN polymer solution dissolved in 20 ml DMF was magnetically stirred for 1 hr at 50°C gives a clear solution
for electrospinning. PAN/zinc acetate blend solution was electrospun into nanofibers by using an electrospinning
machine (ESPIN-NANO). The nanofibers were stabilized in air at 250°C to induce thermal stability and then held at
this temperature for 1 h in air atmosphere. The stabilized fibers were activated at 600° C under nitrogen for 1 hr for
carbonization. The carbonized CNF/ZnO fibers were then dipped in 7M HNOj; solution for 6 hrs to increase its
hydrophilicity [5, 7]. CNF/ZnO/PANI composite was prepared by in-situ chemical oxidative polymerization. In a
typical process, aniline (0.25M) was added into 1 M HCI (25 mL) and stirred to form uniform mixture. Then
acid treated CNF/ZnO (40 mg) was immersed into aniline solution for 30 min and then sonicated to ensure sufficient
adsorption of aniline. 1 M HCL solution (25 mL) containing ammonium peroxydisulfate (APS) 0.25M was added
drop wise into sonicated solution. The polymerization reaction was carried out at 5°C in ice bath for 6 hrs. The
prepared composite was centrifuged and washed with ethanol and distilled water, repetitively [8]. For comparison,
CNF/PANI was also synthesized via the similar procedure except the addition of zinc acetate.

3. RESULTS AND DISCUSSION:

Scanning electron microscopy images of as-fabricated CNF, CNF/PANI (CP), CNF/ZnO, and
CNF/ZnO/PANI (CZP) are shown in Fig. 1(a-d). SEM image of CNF and CNF-ZnO demonstrates uniform diameter
distribution at low range which indicates stable electrospinning process with size of fibers in nanoscale. SEM
images of CP and CZP composites indicate the agglomeration of PANI particles over the carbonized fibers of
carbon in powder form. EDX is an analytical technique used for the elemental analysis or chemical characterization
of a sample. EDX spectrum of CZP composite is shown in Fig. 2. The presence of cabon, zinc, oxygen in
CNF/ZnO/PANI indicates the formation of composite material.
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Fig. 1(a): SEM image of CNF Fig. 1(c): SEM image of CNF/ZnO
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The absorption band at 449 nm corresponds to represents polaronic peak representing the protonation of the
polyaniline and the band at 579 nm confirm the presence of conducting emaraldine salt phase of the polymer.

Cyclic voltammetry (CV) is suitable tool to characterize the capacitive behavior of electrode materials. The
CV of CP and CZP are performed by cycling the potential of a working electrode, and measuring current with the
scan rate of 10 mV/s in 1M H,SO, electrolyte [9]. The quasi-rectangular shape with redox cathodic and anodic
peaks in CV indicates the effect of EDLC and pseudocapacitance in the composites. While comparing CV of CP and
CZP, more area covered by CZP indicates higher specific capacitance. Ternary composites are found to be potential

candidates for supercapacitor electrodes [10-12].
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Fig. 4: Cyclic voltammetry of CP and CZP

4. CONCLUSION:

1.0

The specific capacitance of CZP is found to be 615 F/gm which is higher than that of CP. Incorporation of
ZnO in CNF/PANI increases the specific capacitance. The increase in specific capacitance of CZP is due to

synergistic effect of individual components of the composite.
potential candidates as supercapacitor electrodes.

REFERENCES:

Carbon nanofibers based ternary composites are

Available online on - www.ijrcs.org

Page 167



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY ISSN: 2456-6683 Special Issue -7, Feb -2018
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal Impact Factor: 3.449 Publication Date: 20/02/2018

1.

2.

10.

11.

12.

P. Xiong, J. Zhu, X.Wang, Recent advances on multi-component hybrid nanostructures
for electrochemical capacitors. Journal of Power Sources 294 (2015) 31-50.

Y. W.Ju, G. R. Choi, H. R. Jung, W. J. Lee, Electrochemical properties of electrospun PAN/MWCNT carbon
nanofibers electrodes coated with polypyrrole, Electrochimica Acta 53 (2008) 5796—-5803.

D. Zhou, H. Lin, F. Zhang, H. Niu, L. Cui, Q.Wang, F. Qu, Freestanding MnO2 nanoflakes/porous carbon
nanofibers for high-performance flexible supercapacitor electrodes Electrochimica Acta 161 (2015) 427-435.
Z. Tai, X. Yan, J Lang, Q. Xue , Enhancement of capacitance performance of flexible carbon nanofiber paper
by adding graphene nanosheets, Journal of Power Sources 199 (2012) 373-378.

C. Kim, B. Kim, Zinc oxide/activated carbon nanofiber composites for supercapacitor
electrodes. Journal of Power Sources 274 (2015)512-520

H. Liu, B. Xu, M. Jia, M. Zhang, B. Cao, X. Zhao, Y. Wang, Polyaniline nanofiber/large mesoporous carbon
composites aselectrode materials for supercapacitors, Applied Surface Science 332 (2015) 40—46.

X. Song, J. Guo, M. Guo, D. Jia, Z. Sun, L. Wang, Freestanding needle-like polyaniline—coal based carbon
nanofibers composites for flexible supercapacitor, Electrochemica Acta 206 (2016) 337-345.

F. Miao, C. Shao, X. Li, Na Lu, K. Wang, X. Zhang, Y. Liu, Flexible solid-state supercapacitors based on
freestanding electrodes of electrospun polyacrylonitrile@polyaniline core-shell nanofibers, Electrochemica
Acta 176 (2015) 293-300.

Y. He, L. Wang, D. Jia, Coal/PAN interconnected carbon nanofibers with excellent energy storage
performance and electrical conductivity , Electrochemica Actal94 (2016) 239-245.

H. Liu, B. Xu, M. Jia, M. Zhang, B. Cao, X. Zhao, Y. Wang, Polyaniline nanofiber/large mesoporous carbon
composites as electrode materials for supercapacitors, Applied surface science 332(2015) 40-46.

M. Zhi, A. Manivannan, F. Meng, N. Wu, Highly conductive electrospun carbon nanofiber/MnO, coaxial
nano-cables for high energy and power density supercapacitors, Journal of power Sources 208 (2012) 345-
353.

G. Xue, J. Zhong, Y. Cheng, B. Wang, Facile fabrication of cross-linked carbon nanofiber via directly
carbonizing electrospun  polyacrylonitrile nanofiber high performance scaffold for supercapacitors,
Electrochemica Acta 215(2016) 29-35.

Available online on - www.ijrcs.org Page 168



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY ISSN: 2456-6683 Special Issue -8, Feb -2018
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal Impact Factor: 3.449 Publication Date: 25/02/2018

Second National Conference on

RECENT ADVANCES IN APPLIED NANO MATERIALS

February 16-17, 2018 at Department of Physics, University College of Science, Saifabad, Osmania
University, Hyderabad, Telangana State, India.

Effect of Dy‘?’+ and Sm™* doping on photoluminescence properties of ZnO
nanofibers

Nilam S. Tadas, Chaitali N. Pangul, Subhash B. Kondawar*
Department of Physics, Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur — 440033
*Corresponding Author Email: sbkondawar @yahoo.co.in

\

Abstract: Luminescence from nanofibres is capable of providing smart, flexible, light weight, high definition
textiles for the variety of application of such brilliant materials. In this paper, we report the fabrication of Dy’*
and Sm’™* doped ZnO nanofibers by electrospinning and subsequent calcination for photoluminescent fabric
designing. Dy’* and Sm’* doped ZnO nanofibers were characterized by scanning electron microscopy (SEM),
energy dispersive x-ray spectroscopy (EDX) and photoluminescence (PL) spectroscopy. Morphologically fibers
with average diameter 350 nm and 425 nm for Sm’* doped ZnO and Dy’* doped ZnO respectively were observed
from SEM. The elemental analysis by EDX revealed the presence of Zn, Dy, Sm and O confirms the formation of
doped ZnO. Photoluminescence displays defect free visible emission. Dy’* doped ZnO nanofibers shows emission
in white region while Sm’* doped ZnO nanofibers shows emission in orange-red region. Photometric
characterisations summarizes the colour- coordinates, correlated colour temperatures (CCT) and luminescence
efficacy of radiation (LER) with the help of CIE diagram.

Key Words: Dysprosium; Samarium; Zinc Oxide; Nanofibers, Electrospinning; Photoluminescence.

_/

1. INTRODUCTION:

The very potential 1D nanomaterials had found an extensive interest owing to its very magnificent properties.
Nanotubes, Nanowires, Nanofibers etc. had been in constant urge for more development in order to explore more
different properties [1]. Nanofibers are one such most potential type of material. Variety of methods are there to
fabricate nanofiber but Electro spinning, a top down nano manufacturing method, offers a rapid, facile process for
creating high surface are polymer fibers compared to those produced by most bottom up methods [2]. When the
diameters of polymer fiber materials are shrunk from micrometers to sub microns or nanometers, there appear
several amazing characteristics such as very large surface area to volume ratio (this ratio for a nanofibers can be as
large as 10° times that of a microfibers), flexibility in surface functionalities, and superior mechanical performance
(e.g. stiffness and tensile strength) compared with any other known form of the material. These outstanding
properties make the polymer nanofibers to be optimal candidates for many important applications [3].

Electro spinning technique is simple to adopt attractive for its convenience, inexpensive. This technique uses
electrostatic forces to produce polymeric, ceramic and composites continuous ultrafine fibers with diameters ranging
from microns to few nanometers. Electro spun nanofibers have good orientation, large aspect ratio i.e. length/diameter
ratio and dimensional stability. This technique produces flexible, fully light emitting fibers suitable for photonic
devices. The nature of the electro spun nanofibers depends on the parameters, molecular weight of the polymer,
solution properties, electric potential, flow rate, concentration, distance between the capillary and collection screen,
ambient parameters, motion of target screen, needle gauge [4].

In recent years, semiconductor luminescent materials have attracted much attention and a variety of strategies
have been explored to optimize the luminescence properties. Among these semiconductors, zinc oxide (ZnO) has
become a suitable host material to dope different kinds of dopants [5]. Selective elements doping in semiconductors
can offer an effective way to adjust their electrical, optical and magnetic properties, and rare earth is one of the
promising materials due to the abundant energy levels and temperature-independent luminescence in the
infrared/visible range. The high electron mobility, high thermal conductivity, good transparency, wide and direct band
gap (3.37 eV), large exciton binding energy (60eV) and easiness of growing it in the nanostructure form by many
different methods make ZnO suitable for wide range of applications in optoelectronics, transparent electronics, lasing
and sensing applications [6]. In last decade, the number of publications on ZnO has increased annually and in 2007,
ZnO has become the second most popular semiconductor after Si and its popularity is still increasing with time [7-8].
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Trivalent lanthanide ions doped ZnO has been a topic of great research under this area. Ln* ions due their
unique f-f transition nature possess excellent luminescent properties [9]. Lanthanides are set of seventeen chemical
elements placed at sixth row of the periodic table stretching from lanthanum to ytterbium. Doping of these ions into
ZnO could possibly reveal somany outstanding optical properties for ZnO [10].

This work presents the fabrication of different RE doped ZnO nanofiber using the process of electrospinning.
Novel fibres of Dy’* and Sm’ ions doped ZnO nanofiber were successfully fabricated utilising electrospinning-
calcination technique which showed intense visible emission overcoming the UV and defect green emission of ZnO.
These visible emissions are the characteristic of Dysprosium and Samarium ion resulting from the Magnetic and
Electric transition. This is for the first time that the efficient energy transfer had occurred from host ZnO to RE** jons
in nanofiber which originates the intense visible emission. Moreover, it would be interesting to study more effect of
various types of doping and co- doping on the luminescence properties of ZnO nanofiber.

2. EXPERIMENTAL:

Starting materials were selected as Zinc Acetate dihydrate (Zn(CH;COO),_2H,0); LobaChemie with 99.5%
purity, RE(III) nitrate hydrate (RE(NO;);); Sigma Aldrich with 99.9% purity, Poly Vinyl Alcohol (PVA); Sigma
Aldrich Mol.Wt 89,000. All the materials were used without further purification. Initially to prepare pure ZnO
nanofiber, 0.5gms of Zinc Acetate dihydrate and RE nitate were dissolved in 1ml of deionised water by magnetic
stirring. Another solution was made by dissolving 0.35gms of PVA in Iml of deionised water at 60°C under
continuous magnetic stirring for 2hrs. The two solutions were mixed and allowed to form a homogenous solution by
continuous magnetic stirring for another 2hrs with the addition of 0.059ml of glacial acetic acid. The resultant solution
was filled in the syringe and electrospinning experiment was carried out. A constant high voltage potential of 20kV
was applied to the tip of the syringe and the ground was connected to the surface collector. The distance between the
tip of the syringe and ground collector was maintained at 15cms. The fibres so formed were then dried at 120°C in
oven for 12hrs. Calcinations were then carried out at 300°C for 2hrs.

3. CHARACTERIZATION:

The prepared samples were studies by using various characterization techniques like SEM and EDX on Carl
Ziess EVO 18 SEM revealed that ultralong, smooth and continuous nanofiber were formed. The Distribution graphs
confirms diameter size of prepared fibres. PL studies were carried on spectroflurometer Shimadzu RF-5301PC at
room temperature on d Dy’* and Sm®* ions doped ZnO nanofiber. Emission and Excitation graphs were studied to
confirm the spectra.

4. RESULTS AND DISCUSSION:

Fig.1 and Fig. 2 shows the SEM image of Dy’ ions doped ZnO nanofiber and Sm>* doped ZnO nanofibers
both calcined at 300°C respectively. Fig.1 clearly shows that the calcined nanofibers are ultralong and smooth. The
distribution graph gives the average diameter of the prepared fibre i.e. 425nm. It can also be seen from the Fig. 2 that
the size of nanofiber had reduced considerably but the fibre still retain the form of long and continuous inorganic
structures. Distribution curve confirms the reduction in diameter size up to 350nm. Fig. 3 shows the EDX graphs of
the prepared samples calcined at 300°C. It confirms the presence of elemental Zn, O, Dy and Sm. Presence of C is due
to carbonaceous materials.
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Fig.1 SEM image and histogram of calcined Dy** doped ZnO nanofibers
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Fig. 3 EDX image of calcined Dy** doped ZnO nanofibers and Sm** doped ZnO nanofibers

For better understanding the optical properties of prepared samples photoluminescence excitation and
emission spectra RE ions doped ZnO nanofibers were recored. Fig. 4 shows the PL spectra Of Dy** ion doped ZnO
nanofibers. When excited at an excitation wavelength 353nm two spectral peak at 480nm and575 nm are observed in
Dy’ ions doped ZnO nanofibres which represents the distinctive emission peak of Dy’ ions, 4Fy, — 6Hs; and 4Fy),
— 6H 3, respectively. With respect to dysprosium, the 4Fy, — 6H,s;, transition is magnetically allowed transition
while 4Fy, — 6H,3, is forced electrical transition (11). Excitation spectra was record at dominant emission 575nm
which gives a broad peak around 350nm.
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Fig. 4 Photoluminescence spectra of Dy**doped ZnO nanofibers.

Fig.5 shows the PL spectra Of Sm’ ion doped ZnO nanofibers. When excited at an excitation wavelength
394nm two spectral peak at 606nm and 644 nm are observed in Sm** ions doped ZnO nanofibres which represents the
distinctive emission peak of Sm>" ions. With respect to Samarium, *Gs;, — °H,), transition is magnetically allowed
while ‘Gs;, — °Hyp, is electrically forced (12). Excitation spectra was recoded at 606nm which gives a broad peak
around 390nm.
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Fig. 5 Photoluminescence spectra of Sm**doped ZnO nanofibers.

The Commission Internationale de I’Eclairage (CIE) parameters such as colour coordinates, colour co-related
temperature(CCT), luminescence efficacy of radiation (LER) were calculated to know the photometric characteristics
of the prepared nanofibres. Fig.6 illustrates the CIE chromaticity diagram of emission spectra of prepared samples.
The parameters were calculated by the spectrophotometric method using the spectral energy distribution of
chromaticity diagram and are summarized in Table 1.

The colour coordinates (x;y) were calculated using the standard procedure. Colour coordinates are one of the
important parameter for evaluating luminescent materials performance. From Fig. 6(a), it is seen that the coordinates
lie in white region for Dy** doped ZnO nanofibers while from Fig. 6(b) it is seen the coordinates for Sm>* doped ZnO
nanofibers lie in red region. Thus, colour tunability can be achieved by changing the variety of dopants. It is evident
from obtained values of CCT and LER as in Table.1, RE ions doped ZnO nanofiber sample calcined at 300°C seem to
be a good candidates for warm light LED devices (13).
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Fig. 6 CIE diagrams of (a) Dy**doped ZnO nanofibers and (b) Sm**doped ZnO nanofibers

Table 1 Photometric characteristics of prepared nanofibers.

Sample CIE x CIEy CCT LER
coordinate coordinate (Im/W)
Dy doped ZnO | 0.3779 0.3925 4175 315
nanofibers
Sm’* doped ZnO | 0.6138 0.3350 1106 265
nanofibers

5. CONCLUSIONS:

Dy’ and Sm’ doped ZnO nanofibers with average diameter 350 nm and 425 nm respectively were
successfully fabricated by electrospinning and subsequent calcination. The elemental analysis by EDX revealed the
presence of Zn, Dy, Sm and O confirms the formation of doped ZnO. From photoluminescence spectra and CIE
diagrams, it has been concluded that Dy’ doped ZnO nanofibers shows emission in white region while Sm®* doped
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ZnO nanofibers shows emission in orange-red region. Thus, light emitting fibers at nanoscale are the advanced
materials for photoluminescent fabric designing.
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Abstract: The present paper reports the data on Rheological parameters of normal and ultrasonic irradiated

human blood. The blood samples were collected from the healthy donors and were stored in heparin as
anticoagulant. The samples were irradiated with ultrasonic interferometer at a frequency of 3IMHz.

In the present investigation, the Rheological parameters (viscosity, volume flow Rate and surface
tension) of normal and ultrasonic irradiated human blood are determined employing capillary viscometer
technique. Blood samples are irradiated with ultrasonic standing waves at an interval of 30 min upto 2 hours
using ultrasonic interferometer. The data reveals variation in the rheological parameters of normal and
ultrasonic irradiated blood samples.

J

Key Words: Human blood, Ultrasonic interferometer, Ultrasonic Standing waves, Viscometer, Viscosity, Volume
flow rate, Surface Tension

\ J

1. INTRODUCTION:

Ultrasound refers to sound with a frequency above that which can be detected by the human ear. It is a cyclic
sound pressure with a frequency greater than the upper limit of human hearing. Its interaction with living system leads
to a special branch of physics called Ultrasonic Biophysics. Ultrasonic biophysics is the study of mechanisms
responsible for how ultrasound and biological materials interact. Ultrasound induced bioeffects focus on issues related
to the effect of ultrasound on biological materials.

Rheology is the study of the flow and deformation behavior of materials. It is a specialized part of fluid
mechanics and is concerned primarily with Non-Newtonian substances like Blood. Blood is a vital fluid found in
human being and other animals. It contains many chemical compounds to perform various functions.

Watchier [1] reported the absorption of ultrasound in water, blood, milk and other biological fluids at 1-10
GHz using damped oscillation.

G Gopala Krishna et al [2] determined the absorption of ultrasound in human blood. The study suggests that
the absorption of ultrasound in human blood is due to viscous interaction between the fluid and the suspended cells.

S Chien et al [3] carried out the work on effects of hematocrit and plasma proteins on human blood Rheology
at low shear rates. The Viscosity of whole blood, defibrinated blood and Ringer suspension of cells was determined at
low shear rates and was observed that the Viscosity of each system rises as the hematocrit is increased.

Somayeh Arain Rad et al [4] studied the mobile phone effects on viscosity of human blood. The study reveals
that viscosity increases linearly with the exposure time.

Naresh Kaul [5] using simple approach of viscometer technique studied the rheological behavior of blood and
observed that Viscosity is affected by various factors and concluded that it depends on the amount of plasma proteins,
the number and volume of corpuscles.

Barbee JH [6] studied the effect of temperature on relative viscosity of human blood. Blood viscosity is a
measure of the resistance of blood to flow, which is being deformed by either shear stress or extensional stress.

Lowe GD et al [7] examined the relationship of Blood viscosity and risk of cardiovascular events. The finding

suggests that the increased blood viscosity may be one plausible biological mechanism through which increase in
haematocrit and fibrinogen may promote ischaemic heart disease and stroke.
Sahar E et al [8] analyzed the effect of electric field on hematological parameters and biophysical blood properties for
diagnosing anemia in rats and concluded that Electric field exposures may alter the blood mechanical and rheological
properties. EF exposure originated different metabolic and hematological effects, which appeared to be related to the
duration of exposure.
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G.B. Thurston [9] studied the Viscoelasticity of Human Blood. The study reveals that viscoelastic properties are
strongly dependent upon both the hematocrit and the velocity gradient, at low hematocrits the viscosity of blood is not
dependent upon shear rate and hence is Newtonian while at higher hematocrits it is Non Newtonian.

2. MATERIALS AND METHODS:

Blood samples of volume 4 ml were collected from the healthy donors and were stored in Heparin as
anticoagulant. Each sample was divided into two parts. One was a control sample and the other was test sample. The
test sample was irradiated using Ultrasonic interferometer. Rheological parameters such as coefficient of Viscosity,
Volume flow rate and Surface tension of normal and ultrasonic irradiated blood samples exposed upto 2 hours at an
interval of 30 min were determined using capillary viscometer technique, developed in Biophysics Research
Laboratory, Nizam College, Hyderabad.

The viscometer is a simple capillary tube of length of about 30cm and with a radius of 0.05cm. The capillary
tube was marked with two preset points A and B the distance between them is 10 cm. A sample of blood of length 2
to 6 cm was sucked by one end of the capillary tube. The flow of blood column in the capillary tube was controlled by
closing and opening upper end of the tube. The time required for the sample to travel a fixed distance of 10 cm was
recorded and velocity was calculated from the ratio of preset distance (10 cm) and time.

A plot is drawn between 1/L on X- axis and V on Y-axis and it is a straight line with intercept on Y- axis. The
intercept of the straight line is measured which gives the maximum velocity (V,). Viscosity, Volume flow rate and
Surface tension were calculated from the intercept of the straight line using the following formulas

1. Coefficient of Viscosity has been calculated using the equation
n = R’pg/ 8V,

n-Coefficient of viscosity (poise);
g — acceleration due to gravity (cm/s’);
R-Radius of capillary tube (cm),
p- Density of blood (gm/cc);
V,. Y- intercepts.
2. Volume flow rate (Q) has been obtained using the equation

Q =V, (aR%

Vo — Maximum Velocity;
R —Radius of Capillary tube (0.05cm)
3. Surface Tension has been calculated using the relation

T = (4nTana) / RCos0

1 — Coefficient of viscosity (poise);
R — Radius of capillary tube (cm);
0- Angle of contact of sample with capillary wall- 30°
o- slope of the straight line between L™ on X- axis and velocity on Y- axis
A simple viscometer Technique
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3. RESULTS AND DISCUSSIONS:
Table 1 presents the data on coefficient of Viscosity, Volume flow rate and Surface tension of normal and
ultrasound irradiated blood using ultrasonic interferometer upto 2hours with an interval of 30 min.

Tablel: Data on Coefficient of Viscosity, Volume flow rate and Surface tension with respect to Time (min)

Time(min) 0 30 60 90 120 % change
for 2hours
Coefficient of 0.046 0.047 0.050 0.059 0.062 34.7
Viscosity(poise)
Volume Flow Rate(cm’.sec’ | 0.054 0.053 0.050 0.042 0.040 -25.92
1
)
Surface Tension(dyne.cm 47.21 48.24 51.32 49.54 52.06 10.27
1
)

Fig 1: Plot between Coefficient of Viscosity (n) and time
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Fig 2 : Plot between Volume Flow Rate (Q) and time
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Fig 3 : Plot between Surface Tension(T) and time
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It is evident from Fig 1, 2 & 3 that the Coefficient of Viscosity and Surface tension increases linearly with

exposure time whereas the Volume Flow Rate decreases.

The present study demonstrates that the erythrocyte membrane physiology is influenced due to the exposure
of ultrasonic standing wave. The increase in Viscosity and decrease in Volume flow rate of ultrasonic irradiated
sample may be due to aggregation of erythrocytes. The increase in Surface Tension of ultrasonic irradiated sample

may be due to the changes in physical properties of Plasma.
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(Abstract: Among the energy storage devices, supercapacitors exhibit ultrahigh capacitance, high power density,\
and long cycle due to electrodes made of nanostructure materials. Graphene, as a new emerging carbon
material has attracted a lot of attention in energy storage field due to its intrinsic properties. To enhance the
specific capacitance of the electrodes for supercapacitors, the combination of carbon nanostructure provides
electric double layer charge (EDLC) capacitance and metal oxides or conducting polymers provide pseudo-
capacitance have been synergistically used. In this paper, we report the synthesis of ternary graphene/carbon-
nanotube/polyaniline (GCP) and graphene/TiOy/polyaniline (GTP) nanocomposites via in-situ polymerization.
As-synthesized nanocomposites have been characterized by scanning electron microscopy (SEM) and energy
dispersive x-ray spectroscopy (EDX). Both the ternary nanocomposites have exhibited excellent electrochemical
performance suitable for supercapacitors. When compared between the two nanocomposites, GCP exhibited
more specific capacitance with high energy density than that of GTP measured in three electrode
electrochemical cell with 1 M H,SO,. The specific capacitance even of GTP was found to be more than that of
binary GP, CP and TP. Though a small amount of CNTs (I wt.%) is added into graphene, the cycle stability of
GCP nanocomposite is greatly improved due to provision of CNTs as conductive wires interconnected among
GP particles. The high electrochemical performance of ternary nanocomposites can be attributed to well-
designed nanostructure and the synergistic effect of the individual components.

\Key Words: Nanocomposites; Graphene; Polyaniline; Carbon nanotubes, TiO,; Electrochemical properties. )

1. INTRODUCTION:

Supercapacitors are new generation of energy storage devices because of fast charge/discharge, high power
density and long cycle life compared with batteries and high energy density with large specific capacitance compared
with conventional capacitor [1]. Depending on the charge storage mechanism and the active materials used,
supercapacitors can be distinguished into Electric Double Layer Capacitors (EDLCs) and Pseudocapacitors. EDLCs
store charge electrostatically like conventional capacitors while Psuedocapacitors involve electrochemical redox
reaction to store the charge [2, 3]. Carbon has been widely employed as active material for EDLCs due to their very
high surface area, high electrical conductivity, abundance, various dimensionalities from zero to three dimensions and
more importantly, as environmentally friendly materials. On the other hand, transition metal oxides and electrically
conducting polymers are examples of pseudo-capacitive active materials [4, 5]. Among different conducting
polymers, polyaniline (PANI) has attracted persistent attention owing to its high pseudocapacitance, light weight, low
cost, controllable electrical conductivity, high energy density, environmental friendliness, facile synthesis and fast
doping/dedoping rate during charge/discharge process [6, 7]. However, conducting polymers suffer from poor long-
term stability that reduces the initial performances due to the repeated swelling and shrinking during
charging/discharging cycling [8]. To overcome the poor cycling stability of conducting polymers during
charge/discharge processes, much attention has been devoted to the preparation of hybrid electrodes by combining
PANI with carbon nanomaterials [9, 10]. Among various carbon materials such as activated carbons, templated
carbons, carbide-derived carbons, onion-like carbons, and carbon nanotubes (CNT); graphene has received intensive
interest as a new electrode material because of its large surface area, high intrinsic electrical conductivity, and
excellent mechanical flexibility [4,11,12]. Each kind of material has its own advantages and disadvantages. Single
conducting polymer-based electrodes can provide large specific capacitance, which is substantially larger than that of
conventional carbon-based electrodes and comparable to metal oxide-based electrodes. Unfortunately, they suffer
from large volumetric swelling and shrinking during charging/discharging processes, which usually leads to structural
break down and fast capacitance decay [13]. Metal oxides have excellent property of energy storage which is
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responsible for psuedocapacitance, however, they suffers low conductivity [14]. To achieve high performance of SCs
by overcoming the cycling instability of single conducting polymer-based electrodes and to improve energy storing
capacity it is required to design new hybrid electrode materials to combine EDL capacitance together with fast and
highly reversible pseudocapacitance [15, 16]. Considering high surface area of graphene, high energy storage capacity
of metal oxide (TiO,) and conducting nature of polymer polyaniline (PANI), we have prepared
graphene/CNT/polyaniline (GCP) and graphene/TiO,/PANI (GTP) ternary nanocomposites which can be suitable
material for the fabrication of supercapacitor electrodes.

2. EXPERIMENTAL:
Functionalization of graphene and CNT

The functionalization of CNTs and graphene is an effective way to prevent their aggregation, which helps to
better disperse and stabilize them within a polymer matrix. The carbon nanotubes and graphene were separately
functionalized by following typical process. 100 ml solution 6M Sulphuric and Nitric acid each in 3:1 ratio mixed
together and stirred for 10 minutes. Graphene and CNTs were added to the mixture and stirring continued for next 10
minutes. This mixture was then sonicated for 4 hours. To remove excess acid, it was centrifuged first and then washed
with double distilled water and filtered. The filtrate was then dried for 24 hours at 50 °C to get functionalized
graphene and CNTs.

Synthesis of graphene/CNT/polyaniline (GCP)

The GCP nanocomposite was synthesized by an in-situ chemical oxidative polymerization. In a typical
process, 0.1 g of functionalized graphene (GN) and 10% wt i.e. 0.01 g of CNTs were added to 60 ml deionised water
and sonicated for 2 hrs. 0.25 M of aniline monomer solution with 1M HCI was prepared in 60 ml deionised water and
stirred for 15 minutes. This solution was added into the graphene/CNT solution with constant stirring and the mixture
was again sonicated for 30 min. The 0.25M APS solution was prepared by dissolving required amount of APS into 25
ml distilled water and added drop wise to Aniline/HCI-CNT/graphene mixture solution for 30 min with constant
stirring. The stirring was continued for 4 hrs and then kept standing for overnight to obtain polymerized dark-green
precipitate. The polymerized solution was then filtered and washed several times with distilled water until the filtrate
became acid free, and then washed with acetone, ethanol and methanol. The precipitate was dried in an vacuum oven
at 80°C for 12 h to obtain GCP nanocomposite.

Synthesis of TiO, nanoparticles

Titanium dioxide nanoparticles were derived from sol—gel process using titanium tetra isopropoxide (TTIP) as
precursor. TTIP was dissolved in ethanol and then mixed with water keeping the ratio of TTIP to water as 1:4. The
prepared solution was kept under constant stirring on magnetic stirrer at low speed for about 2 hours. Nitric acid
(HNO3) was added drop wise to adjust pH value in acidic range. The rate of hydrolysis is affected by the pH value. A
clear yellowish homogeneous transparent stable solution was obtained. The prepared sol was kept 2 hrs for gel
preparation at room temperature. The gel was filtered and dried at 110 °C for 6 Hrs. The yellow crystals of titanium
dioxide were obtained at the end of drying process. These crystals were crushed into fine powder and calcined at 600
°C and TiO, nanoparticles were formed [17].

Synthesis of graphene/TiO/PANI (GTP)

The GTP nanocomposite was prepared by mixing GN and TiO, nanoparticles followed by polymerisation. 0.1
g of functionalized GN and 0.1 g of TiO, nanoparticles were mixed in 100 ml deionised water and sonicated for 2 hrs.
Then the solution was polymerised by the same route as used in the case of GCP nanocomposite.

3. RESULTS AND DISCUSSION:

The SEM images of GCP, TiO, and GTP are shown in Figure 1. From the SEM images it is confirmed that
the flakes of graphene are clearly seen. Since, CNTs were of only 10 wt% of GN, therefore in GCP, PANI has been
mostly covered up GN which might have been interconnected by CNT. In case of GTP, the TiO, particles and PANI
encapsulated GN is observed. Small TiO, particles are distributed on the surface of PANI. From SEM image of TiO,
particles, it has been observed that the spherical shaped nanoparticles in cluster form are seen. To investigate the
chemical composition of the especially in GTP composite to identify the presence of TiO,, an energy dispersive x-ray
spectroscopy was performed by SEM-EDS instrument. From the results of the EDS, energy peaks for carbon, Ti and
oxygen are clearly observed indicating the formation of GTP composite.
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Fig. 1: SEM images of GCP (a), GTP (b), TiO, (c) and EDS of GTP (d)

The as-prepared composites were tested for electrochemical performance and the specific capacitance of GCP
and GTP was determined from cyclic voltammetry. A three-electrode cell system was used to perform cyclic
voltammetry (CV) at room temperature with the electrolyte 1 M H,SO,. A platinum electrode and Ag/AgCl electrode
were used as the counter and the reference electrodes, respectively. CV of GCP and GTP are shown in Figure 2.
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Fig. 2: Cyclic voltammetry of GCP and GTP

Specific capacitance and energy density of GCP were found to be 406 Fg™' and 56.38 Wh Kg™' respectively.
On the other hand the specific capacitance and energy density of GTP were found to be 349 Fg' and 48.47 Wh Kg'
respectively. From the results obtained, it has been confirmed that and the specific capacitance for GTP is found to be
349 Fg' and its energy density is found to be 48.47 Wh Kg™'. Thus, from the results, GCP exhibited more specific
capacitance with high energy density than that of GTP. Though a small amount of CNTs is added into graphene, the
cycle stability of GCP nanocomposite is greatly improved due to provision of CNTs as conductive wires
interconnected among GP particles. The high electrochemical performance of ternary nanocomposites can be
attributed to well-designed nanostructure and the synergistic effect of the individual components.
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4. CONCLUSION:

In this paper, we reported a facile strategy for the synthesis of ternary nanocomposites for supercapacitor
electrodes. The characterization results show that the integrated composites are composed of graphene, carbon
nanotubes, titanium dioxide and polyaniline. Significantly, the intimate and cross binding of the components produced
a synergistic effect and afforded facile electron transport among CNTs. GCP showed high specific capacitance
compared to that of GTP. These intriguing features make GCP nanocomposite a promising material in supercapacitors
or other energy source system.

REFERENCES:

1. M. Hwang, J. Oh, J. Kang, K. Seong, Y. Piao, Enhanced active sites possessing three-dimensional ternary
nanocomposites of reduced graphene oxide/polyaniline/Vulcan carbon for high performance supercapacitors,
Electrochimica Acta 221 (2016) 23-30.

2. P. Simon, Y. Gogotsi , Materials for electrochemical capacitors, Nature Materials, 7, (2008) 845-854.

M. Tran, H. Jeong, Ternary carbon composite films for supercapacitor applications, Chemical Physics Letters

684 (2017) 1-7.

4. Li. Zhanga, X. Zhao, Carbon-based materials as supercapacitor electrodes, Chem. Soc. Rev., 38 (2009) 2520-
2531.

5. P. Basnayakaa, M. Ramb, E. Stefanakosb, A. Kumar, Supercapacitors based on graphene -polyaniline
derivative nanocomposite electrode materials, Electrochimica Acta 92 (2013) 376— 382.

6. C.Li, H. Bai,G. Shi, Conducting polymer nanomaterials: electrosynthesis and applications, Chem. Soc. Rev.,
38, (2009) 2397-24009.

7. C. Meng, C. Liu, L. Chen, C. Hu, S. Fan, Highly Flexible and All-Solid-State Paperlike Polymer
Supercapacitors, Nano Lett. 10, (2010) 4025-4031.

8. J. Yan,Q. Wang,T. Wei,Z. Fan, Recent Advances in Design and Fabrication of Electrochemical
Supercapacitors with High Energy Densities, Adv. Energy Mater. 4, (2014) 1300816.

9. K. Zhang, L. Zhang, X. Zhao, J. Wu, Graphene/Polyaniline Nanofiber Composites as Supercapacitor
Electrodes, Chem. Mater., 22, (2010) 1393.

10. Y. Wang, X. Yang, L. Qiu, D. Li, Revisiting the capacitance of polyaniline by using graphene hydrogel films
as a substrate: the importance of nano-architecturing, Energy Environ. Sci., 6, (2013) 477-—481.

11. Y. Tana, J. Lee, Graphene for supercapacitor applications, J. Mater. Chem. A, 1, (2013) 14814-14843.

12. N. Mahmood,C. Zhang, H. Yina, Y. Hou, Graphene-based nanocomposites for energy storage and conversion
in lithium batteries, supercapacitors and fuel cells, J. Mater. Chem. A, 2, (2014) 15-32.

13. G. Wang, L. Zhang, J. Zhangb, A review of electrode materials for electrochemical supercapacitors, Chem.
Soc. Rev., 41, (2012) 797-828.

14. Y. Hou, Y. Cheng, T. Hobson, J. Liu, Design and Synthesis of Hierarchical MnO, Nanospheres/Carbon
Nanotubes/Conducting Polymer Ternary Composite for High Performance Electrochemical Electrodes, Nano
Lett. 10, (2010) 2727-2733.

15. G. Yua, X. Xieb, L. Pand, Z. Baod, Y. Cui, Hybrid nanostructured materials for high-performance
electrochemical capacitors, Nano Energy, 2, (2013) 213-234.

16. G. Yu, L. Hu, N. Liu, H. Wang, M. Vosgueritchian, Y. Yang, Y. Cui, Z. Bao, Enhancing the Supercapacitor
Performance of Graphene/MnQO, Nanostructured Electrodes by Conductive Wrapping, Nano Lett. 11, (2011)
44384442,

17. V. Kaler, R. K. Duchaniya, and U. Pandel , Synthesis of Nano-titanium dioxide by sol-gel route, AIP
Conference Proceedings 1724, (2016) 020127.

et

Available online on - www.ijrcs.org Page 182



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY ISSN: 2456-6683 Special Issue -8, Feb -2018
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal Impact Factor: 3.449 Publication Date: 25/02/2018

Second National Conference on

RECENT ADVANCES IN APPLIED NANO MATERIALS

February 16-17, 2018 at Department of Physics, University College of Science, Saifabad, Osmania
University, Hyderabad, Telangana State, India.

Adsorption kinetics for removal of methyl orange dye from aqueous solution
by polyaniline based nanocomposites

Sunita C. Manwatkar, Neha V. Nerkar, Subhash B. Kondawar*
Department of Physics, Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur — 440033
*Corresponding Author Email: sbkondawar @yahoo.co.in

Abstract: Mobility and distribution of dyes in water have been studied extensively due to their effects on
environment and other living organisms. Metal oxides and carbon based materials have been continuously used
for dyes removal. In this paper, we report the preparation of polyaniline (PANI) based nanocomposites by in-
situ chemical oxidation polymerization and the removal of methyl orange (MO) from aqueous solution by using
chemical interaction of dye molecule with PANI/TiO, and PANI/graphene nanocomposites. Morphology and
adsorption kinetics of as-synthesized nanocomposites were studied by scanning electron microscopy and UV-Vis
spectroscopy respectively. Percentage of removal of MO dye for PANI/TiO, and PANI/graphene was found to be
70% and 65% respectively compared to that of 53% for pure PANL. In order to evaluate adsorption kinetic, the
pseudo first order model, pseudo second order model and intra particle diffusion model were tested for their
validity by linear equation analysis. The second-order kinetic model was found to be the best linearity for both
the nanocomposites compared to other models which indicate that the adsorption of dye is a physical
adsorption. The adsorption process was shown to be an efficient for dye removal from water solutions.

Key Words: Polyaniline; Nanocomposites; Titanium dioxide; Graphene; UV-Vis spectroscopy, Methyl orange
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1. INTRODUCTION:

In the recent years the distribution of dyes in water have been studied extensively due to their toxic effects to
humans, animals, plants and the aquatic organisms. Many of the industries, such as dyestuffs, textile, paper, leather,
foodstuffs, cosmetics, rubber and plastics are using much quantity of synthetic dyes in order to give colour for their
products and consume substantial volumes of water. As a result, they generate a considerable amount of coloured
wastewater [1] . Textile and dyeing industry are among important sources for the continuous pollution of the aquatic
environment. Because they produce approximately 5% of total effluents. The textile and dyeing industries effluents
are discarded into rivers, ponds and lakes; they affect the biological life various organisms. Dye-containing effluents
are undesirable wastewaters because they contain high levels of chemicals, suspended solids, and toxic compounds.
Colour causing compounds can react with metal ions to form substances which are very toxic to aquatic habitat and
cause many water borne diseases [2]. Dyes are water soluble and non- degradable due to which they are resistant to
many materials which limits its removal from water once released into water. Many of the methods are available for
the removal of pollutants from water, the most important of which are reverse osmosis, ion exchange, precipitation
and adsorption. Of these methods, adsorption technique is a most simple and widely used technique also inexpensive
in nature [3]. Metal oxide and activated carbon have been widely used for removal of coloured effluents. TiO, and
ZnO are metal oxide with nearly same electron affinity so as they are used more for the removal. While CNT’s and
graphene are carbon based material used for same purpose. The main disadvantage of carbon based materials is that
are very expensive. Both Metal oxide and carbon based materials have limitations for removal of dye, this has led
many researchers to search for inexpensive and locally available adsorbents so that Photocatalytic activity can be
enhanced [3,4]. New organic / inorganic composites have been developed for better removal of dye. One class of such
hybrid material is conducting polymer such as Polyaniline (PANI), Polypyrole etc. It is hoped to obtain new
composite with synergetic or complementary behaviour between polymer and inorganic substance. The properties of
hybrid material become more pronounced if one of the factors goes to nanomaterial scale. PANI has many properties
such as low cost, good environmental stability, good electrical conductivity also it provide proper binding site for the
adsorption of dye molecules. PANI when composed with inorganic/ organic material improves processability of
material [5].
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In this paper, we report comparative study of polyaniline/ TiO2 and polyaniline/ graphene can remove anionic
(sulfonated) dyes with the application of UV and visible light through a chemical interaction with the sulfonated dyes
[6,7] . Thus, the objective of the article is to examine the use of polyaniline/ TiO2 and polyaniline/ graphene
composites for the removal of various sulfonated dyes from aqueous solutions and propose a mechanism of chemical
interaction between the sulfonated dyes and PANI/ TiO2 and PANI/graphene. Methyl orange is intensely coloured
compound used in dyeing and printing textiles. It is also known as C.I. acid orange 52. Chemist used methyl orange as
an indicator of weak bases with strong acids. It is water soluble azo dye. It is carcinogenic and mutagenic in nature
and hence it has bad impact on nature as well as human habitat.

2. EXPERIMENTAL:
Preparation of PANI-TiO, and PANI-GNS nanocomposites

A typical oxidative polymerization method was carried out for polymerization of aniline in the presence of
TiO, nanoparticles. TiO, nanoparticles (0.9313 g) were dispersed by ultrasound in 50ml aqueous solution of aniline
monomer (0.2 M) and hydrochloric acid (1M). Aps (0.25M) was dissolved in 50ml de-ionized water and was added
drop wise to the mixture of TiO2 and aniline monomer with stirring polymerization proceeded for 6hr. The
nanocomposites of PANI with TiO, nanoparticle was obtained as precipitate. This precipitate was isolated by
filtration, washed with distilled water and ethanol several times and dried at 50 °C. For PANI-GNS nanocomposites,
firstly graphene was functionalized by using mixture of HCI and HNO; in 3:1 proportion, and same process of
polymerization was followed.

3. RESULTS AND DISCUSSION:

Morphological studied have been done by SEM technique, Fig. 1 shows SEM images for PANI/ TiO, and
PANI/GNS. PANI/graphene shows smooth layer of PANI coats on layers of functionalized graphene. It increases the
dye adsorptivity of PANI/graphene. PANI/ TiO2 image shows incorporation of smooth PANI layer on TiO2 for the
formation of core shell type structure. This increases surface area and shows more attraction towards dye molecules
[8, 9]. So from morphological view it is clear that in corporation of PANI into metal oxide and graphene increases its
adsorptivity by increasing surface area.

Fig. 1: SEM images of (a) PANI/ TiO, and (b) PANI/GNS

UV-Vis spectra were recorded by using LMSP UV-1200 single beam UV- Spectrophotometer and the
Photodegradation experiment was carried out. Dye concentration was taken as 100mg/L prepared in de-ionized water
and the mixture was stirred and reading were taken after each 15 min and experiment was carried up to equilibrium.
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Fig. 2: UV-VIS spectra of (a) PANI/ TiO, and (b) PANI/GNS

The characteristic peak of 510 nm in case of PANI/ TiO, and 514 nm in case of PANI/GNS assigned to the n-
7* transition from the nonbonding nitrogen lone pair to the conduction band. This peak shows high absorbance with
the presence of methyl orange in the solution. With respect to time, the absorbance was found to be decreased. PANI-
TiO, absorbed more methyl orange compared to that of PANI/GNS. It is well known that the degree of ionization of a
dye molecule depends on the pH of the aqueous medium. Methyl orange contains one sulfonated group (-SO;Na). In
acidic aqueous solutions, the functional group of methyl orange (-SO;Na) gets ionized, and the dye exists in anionic
form. When PANI/TiO, and PANI/graphene nanocomposites are added to water, the pH of the water becomes acidic
(pH= 3.9) and does not change during the course of adsorption. The addition of dyes with sulfonated functional
groups to this aqueous solution results in the dissociation of the functional group into its anionic form. The percentage
removal of dyes was calculated by equation (1)
(Co—Ce)*100

Ce
Where, C, = Initial concentration and C.= final concentration

In order to evaluate kinetic mechanism which controls the process pseudo first order model, pseudo second
order model and intraparticle diffusion model is tested and the validity of the models were verified by the linear
equation analysis log(Q, — Q;) vs time [20, 21]. The pseudo-first-order rate equation is given by equation (2)

k
log(Qe — Qr) = logQe — 572t 2)
Where Q. and Q, (mg g ') refer to the amount of dye adsorbed at equilibrium and time t (min), respectively,
and k is the rate constant. It is found to be 0.166 min™'. Fig 3 shows the plot of the pseudo-first-order for PANI/TiO,

and PANI/GNS nanocomposites. The pseudo-second-order model can be represented by equation (3);
L _1pz4t
Q¢ key Qe + Qe )

percentage of removal =

6]

Where k, is the rate constant (0.166) of the pseudo-second-order model (g mg 'min"). Fig 4 shows the curve-fitting
plot of (t/Qt) vs time PANI/ TiO, and PANI/GNS nanocomposites.
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Fig. 3: Pseudo-first-order for plot of (t/Qt) vs time PANI/ TiO, and PANI/GNS nanocomposites
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Fig. 4: Curve-fitting plot of (t/Qt) vs time PANI/ TiO, and PANI/GNS nanocomposites
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Fig. 5: Intraparticle diffusion model for nanocomposites

4. CONCLUSIONS:

A nanostructured core shell structure of PANI/TiO, and layered structure of PANI/ graphene has been

successfully synthesized by in situ polymerization. Photocatalytic degradation of MO dye by use of the PANI/Ti02
and PANI/graphene nanocomposite was achieved under visible light irradiation. The nanostructured PANI/ TiO,
core—shell nanocomposite system prepared in this study has greater photocatalytic activity than PANI/graphene
system. For PANI/TiO, percentage removal is about 70% while in PANI/graphene shows 65% removal. Further it
can be increase by increasing weight percent of PANI/ TiO,.
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Abstract: The paper reports FTIR data on scapular cartilage of Camel, Goat, and Ox. The study
reveals that scapular cartilage consists of mainly collagen and proteoglycans but very less quantity of carbonate
and phosphate ions. The FTIR spectroscopy of scapular cartilage powder indicates the presence of bands
characteristics of phosphate ion, carbonate ion, water molecule and also some functional groups concerned with
protein.

Key Words: Scapular Cartilage, Collagen, Camel, FTIR.
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1. INTRODUCTION

Infrared spectroscopy is a potential tool to provide valuable information in the study of biological systems. It
is very much helpful in the study of structure of various macromolecular components and their conformations within
tissue. In most of the cases, infrared spectroscopy gives rapid qualitative and quantitative identification of organic and
inorganic constituents and their combinations in mineralized biological tissues.

Articular cartilage is a connective tissue that covers the end of long bones. The function of articular cartilage
is to distribute and absorb contact stresses during joint loading and to provide an almost friction less articulation
between bones [1-3]. The possibility to modify the secondary structure of SF has also been acknowledged as a
strategy to achieve desirable material properties. The conformation transition of SF with the formation of anti-parallel
B-sheets allows improvement of cell adhesion, due to the change in surface roughness, the stiffness of the scaffold and
the tailoring of degradability [4—6],[7] reports IR spectroscopic data of edible and medicinal oils of plant origin. For
IR analysis, tenedible oils and fifteen medicinal oils were selected. FTIR spectra were recorded. The FT — IR spectra
of edible and medicinal oils show a series of bands with different intensities and reveal the composition of fatty acids
and degree of saturation of the selected oils.[8] Reported that the characteristic spectral bands pertaining to fibrinogen,
hemoglobin, erythrocyte m embrace lipids and other plasma proteins are identified.[9]FTIR spectroscopy techniques
are powerful methods to obtain relevant information for understanding protein adsorption to surfaces. Protein
quantitation and different interaction studies can be achieved by specific vibration bands associated with chemical
groups and proper correlation curves in FTIR spectroscopy. The two dominant bands in any protein’s absorbance
FTIR-spectrum are the amide I and amide II absorptions.[10,11] Egg shell corresponds to 11% of the total weight of
an egg. These eggshells mainly contain calcium carbonate (91% - 94%), calcium phosphate (1%) and other organic
matters, which make it preferable for synthesizing CaO.

A search of literature reveals that in spite of extensive investigations on infrared spectroscopy of human skin,
hair, nail, bone and collagen on different aspects and their constituents such as lipids and proteins, no information is
available on qualitative and quantitative identification of organic and inorganic constituents and their combinations of
scapular cartilage. In view of this, in the present investigation, infrared spectroscopic study has been made on scapular
cartilage, in order to assess its molecular composition.

2. MATERIALS AND METHODS

The cartilage samples of scapula of the animal Ox,Goat,Camel were collected from beef shop after 4 to 5
hours of slaughtering. The samples were cleaned, flesh attached to them was removed completely and then Sun dried
for a day or two. FTIR spectra of powdered samples were recorded with Thermo - Nicolet Nexus 670 FTIR
spectrometer and depicted in Fig. 1,2,3. Thedata obtained from FTIR spectra is presented in Table 1.
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3. RESULT AND DISCUSSION

Fig.1,2,3is FT — IR spectrum of Ovine scapular cartilage, which reveals a series of bands with different
intensities. Table 1 presents data on wave numbers and corresponding Transmittance (%) obtained from FTIR spectra
along with characteristic vibrations of functional groups.

Fig.1-Ox Cartilage spectrum
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Fig.3 -Camel Cartilage spectrum

Table-1 FTIR data of Ox, Goat and Camel

Wave Number (Transmittance) Characteristics Vibrations functional
Groups
Ox Goat Camel
3763(99.46) 3761(46.81) 3761(46.88) Carbonyl C=0 Stretching
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3297(96.12) 3246(44.71) 3246(42.08) H-O-H Stretching

3080(98.64) 3082(47.38) 3082(45.56 Amide B

2927(98.56) 2924(45.94) 2924(43.81) C-H Symmetric Stretching of CH,

- 1745(49.10) 1745(49.91) Saturated fatty acids

1638(87.52) 1641(47.99) 1641(47.19) Amide I of plated sheet structure of
Protein

1541(90.74) 1529(48.87) 1529(48.03) Amide II bond of protein N-H
Stretching

1448(95.03) 1440(49.53) 1440(47.86) P-O Anti
Symmetric stretching

1238(95.46) 1259(52.25) 1259(51.84) Amide III Component of Protein C-N
Stretching with N-H band

1160(98.39) 1163(52.25) 1163(51.84) Ring vibration in carbohydrates C-O,
C-C, C-N stretching C-O-H, C-O-C
absorption of glycol protein.

1342(51.87) 1342(51.07) CHj; symmetric bending
717(55.66) CH, rocking
887(99.93) 875(55.17) 877(55.21) Carbonate ions

Special Issue -8, Feb -2018
Publication Date: 25/02/2018

For the systematic analysis, IR spectrum is divided into three regions. Region I is from 4000 to 3000 cm-"
concerned with water and hydroxyl group. This region is of considerable interest, because it reveals the nature of
hydrogen bonding. Region II is 3000 to 1500 cm-', wherein bands for functional groups are observed. In this region,
major IR absorption pertaining to collagen occurs. Region III is 1500 — 200 cm-" which has significant importance in
the context of biological minerals and their combinations. The spectra of cartilage powder indicate the presence of
bands characteristics of phosphate ion, carbon ion, water molecule and also of some functional groups concerned with
protein — the collagen. The IR bands at wave number 3080 cm-' is related to Amide B. The dominating bands at 1638
cm™ and 1541 cm-' may be originated due to collagen and proteoglycans and collagen dominates the absorption (Fig.
1,2,3). These bands are related to the stretching vibrations of C=0 bonds and N-H bonds respectively. A band around
1238 cm™ is due to the C-N stretch with N-H bending vibrations. These bands are concerned with proteins and the
strongest band at 1638 cm'is characteristic of collagen. The bands at 1160 cm-' related to stretching vibrations of C-
O and C-OH as well as C-C ring vibrations in carbohydrates. These bands are believed to be more specific to
proteoglycans. The bands at 1448 cm™ and 1402 cm-', originated from P-O anti symmetric stretch arerelated to
calcium phosphate ions. The strongest absorption band at 887 cm-1lis specific to calcium carbonate ions. The band
712 cm-1 characteristic of calcium carbonate is missing. Hence calcium carbonate is not present in Cartilage.

4. CONCLUSION

The study reveals that scapular cartilage consists of mainly collagen and proteoglycans but very less quantity
of carbonate and phosphate ions.
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Abstract:An attempt has been made to prepare nano-crystalline pure lithium ferrites and metal ion doped lithium

ferrites by citrate-gel solution combustion method at low sintering temperatures. This modified method reduces
the formation of a- Fe,Oj; impurity phase in the inverse spinel phase of ferrites. X-ray diffraction analysis of the
prepared samples revealed the formation of single phase cubic spinel structure. The dielectric constant (¢') and
dielectric loss tangent (tan J) of the investigated samples has been studied from room temperature to well beyond
the Curie temperature using LCR meter at selected frequencies. Seebeck coefficients (S) of the prepared samples
were measured from 473-873 K by using differential method. The variation of seebeck coefficient vs temperature
shows the semiconducting behavior of the investigated samples. The Curie temperatures for the ferrite specimens
under investigation have been determined by using simple Loria technique. The Curie temperature of the
samples measured from the both methods is approximately equal.

¥Key Words: High Tem, Nano, Spinel Ferrites.

1. INTRODUCTION:

Spinel ferrites are the attractive magnetic ceramic material because of their excellent properties like wide and
high range of saturation magnetization, low dielectric and magnetic losses, and high Curie temperatures. These are
low cost substitutes for expensive garnet ferrites used in microwave electronic devices. The properties and
performance of a material are related through the microstructure of the material. The ability to change the properties
and performance of a material by suitable processing is what makes most materials useful for mankind. The dielectric
properties of these semiconducting spinel nano ferrites play a vital role in determining their suitability for use in
particular application [1].

Nano crystalline ferro spinels can be synthesized by various techniques including glass-ceramic method [2],
hydrothermal method [3], ultrasonic cavitation method [4], mechanical ball milling method [5], reverse micelle
method [6], radio frequency plasma torch method [7], sol-gel eemethod [8], citrate gel auto combustion method [9]
etc. Among these various preparation techniques, citrate gel combustion method has special significances in yielding
ultra fine single phase nano powders with better purity along with narrow grain size distribution.

Pure lithium ferrites and metal substituted lithium ferrites are attractive the scientific community due to their
technological importance in microwave frequency applications like gyrators, phase shifters, circulators and isolators
etc [10]. At high power values, the nonlinearities deteriorate ferrite device applications, to avoid microwave power
loss for various applications, the doping of transition metal ions in lithium ferrites are very effective. Metal cations
like Co** and Ni** are the fast relaxing ions which enhance the microwave properties. Metal ion doped lithium ferrites
are also used in cathode material for lithium ion batteries [11]. S.C.Watawe et al [12] studied the microstructure and
magnetic properties of Li-Co ferrites prepared by standard double sintering ceramic method. Muthafar et al [13]
reported the magnetic and electrical properties of rare earth doped lithium-nickel ferrites synthesized by double
sintering ceramic method. In the present communication we report the temperature and frequency dependent dielectric
properties and thermo electric properties of pure lithium ferrites and cobalt & nickel doped lithium ferrites
synthesized by citrate-gel auto combustion method.

2. EXPERIMENTAL TECHNIQUES:

Nano crystalline spinel ferrites samples having chemical formula LigsFe,sO, Liy3;Cog4Fe,30, and
Lig3Nig4Fe, 404 were prepared by citrate gel auto combustion method by using their respective nitrates and citric acid
as a chelating agent. The overall reaction for the pure lithium ferrites and substituted lithium ferrites are given by
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0.5LiNO; + 2.5Fe (NO3);.9H,0 + 3C¢Hg O, +i?Fe, ;04 + 4N, + 18CO, + 7TH, + 27.5 H,O
0.3LiNO; + 0.4Ni(NO3),.6H,0+2.3 Fe (NOs);.9H,0 + 3CcHsO, L= 4Fe, 304 + 4N, +
+ 18CO, +7H, + 28.1 H,0O
The detailed synthesis process of citrate-gel auto combustion method was reported in our earlier publication [14].

The powder x-ray diffraction analysis were recorded at room temperature using Philips X pert diffractometer
in diffraction angle in the range of 20°-80°. For measuring the electrical properties, powders were added with a small
amount 2% Poly Vinyl Alcohol as a binder to press the prepared powders into circular pellets having 13mm diameter
and 2.5mm thickness by applying a pressure of 4 tons. The prepared pellets were sitnered at 500°C for 4 hours in air
in muffle furnace for the densification of the sample. For having a good ohmic contact silver paste was applied on
both sides of the pellet. The dielectric properties of the sample were measured by using Agilent E4986 precession
LCR meter from room temperature to 450°C at different frequencies up to 5 M Hz. Thermoelectric power of the
prepared samples was measured using differential method between 200-600°C. The Curie temperatures for ferrite
samples under investigation have been determined using Loria technique. Here pure lithium ferrites are represented as
LF, cobalt doped lithium ferrites as LCF and nickel doped lithium ferrites LNF.

3. RESULTS AND DISCUSSIONS:

The x-ray diffraction pattern of the prepared samples sintered at 500°C was shown in figure (1).
From the x-ray diffraction analysis of the investigated ferrites shows the positions of the reflection peaks are almost
similar to the corresponding peaks for the bulk material, this implies that the basic structure of the nano crystalline
materials is essentially same like the bulk counterparts.
The crystallite size and lattice parameter of the investigated samples were given in the tablel.

WWMLCF
MM‘" LNF

T ;

10 20 30 40 50 60 70 80 20

2@(degrees)

Intensity (A.U)

Fig (1) XRD pattern of the synthesized samples

Tablel Structural parameters of the prepared ferrite samples.

Composition Crystallite Lattice X-ray Density Seebeck Curie
Size (nm) constant (dy) Coeffidient | Temperature
(A%) (gm/cc) (LV/K) X)
LiysFe, 50,4 41.90 8.356 4.71 5408 873
Lig; Nig4Fe, 304 45.35 8.358 4.95 4648 840
Lip; Cog4Fe, ;04 38.44 8.370 4.93 4413 853

The average crystallite size which are calculated from the Debye-Scherrer’s formula were in the range of 38-
45 nm which confirms the nano crystalline form.

Shape, size and homogeneity of the investigated samples were confirmed by TEM. The narrow size ranged
spherical particles confirm the low temperature controlled synthesis of metal ion substituted nano crystalline ferrites.

The dielectric constant (€') and dielectric loss tangent (tan 8) of the investigated ferro spinels were found to be
depend on the temperature and frequency. The variation of dielectric parameters for pure and metal ion substituted
lithium samples with temperature has been studied at different frequencies were shown in fig(2). From the figures one
can conclude that the dielectric parameters of the samples LF and LNF increases rapidly in the low temperature
region, where as in the high temperature region dielectric constant (¢') reaches a stable value (Resonance peak), after
that it start to decrease with increasing the temperature. For the low temperature region, the dielectric polarization is
improved by the electric field and also by the growing the number of electrons which are increase with temperature,
hence the increase in the dielectric constant (g') at low temperature region is due to both increase in temperature and
frequency. For the high temperature region, the saturation in the production of charge carriers is reached. Therefore

Available online on - www.ijrcs.org Page 193



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY

ISSN: 2456-6683 Special Issue -8,
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal

Impact Factor: 3.449

Feb - 2018
Publication Date: 25/02/2018

the electron exchange between the ions of the same element that are present in more than one valence state (Fe**Fe*’
or N i+2,Ni+1) can not follow the field variation and hence dielectric constant decreases [16]. The temperature at which
the resonance peak appeared is observed to be shift towards the higher temperature as the frequency is augmented
[17]. But dielectric parameters of the sample LCF increases slowly in the beginning, it maintains up to a certain
temperature and increases rapidly thereafter. Similar behavior can be observed by the various researchers for different
compositions [18].

From this figures one can also observed that dielectric constant and dielectric loss tangent of prepared
samples were decreased rapidly in the low frequency region and decrease is quite slow in the high frequency region,
this can be explained on the basis of Maxwell-Wagner and Koop’s theory [19], which states that dielectric medium is
assumed to be made up of highly conducting grains surrounded by non conducting grain boundaries. The grain
boundaries are more effective at low frequencies and grains are more effective at the higher frequencies.
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Fig (2) Variation of dielectric parameters of the prepared samples with temperature at different frequencies.
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The Variation of Seebeck coefficient with temperature of the prepared LF, LNF and LCF ferrites was shown
in fig(3). From these figure it was observed that all the investigated samples shows similar thermal variation with See
beck coefficient and the value of See beck coefficient increases with increasing the temperature. At low temperature
positive value of the S shows the p-type semi conducting nature and increasing the temperature sample changes to n-

type semiconductor behavior [20].
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All prepared nano crystalline ferro spinel samples show an increasing trend in thermo electric coefficient with

temperature which indicates the more n-type charge carriers (electrons) are released with an increase in temperature.
At a particular temperature an abrupt change was occurring may be due to the presence of Curie point at that
temperature. The Curie temperature of the investigated samples measured from the Loria technique have the same
values and by doping with the ions in the lithium ferrites Curie temperature of the material decreases [21].
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Abstract: A novel gel auto-combustion method was used to synthesize Li-Cd nanoferrite powder with
compositions of Liys.x,CdxFe;sx,04 (Where x=0.0, 0.2, 0.4, 0.6, 0.8 & 1). X-ray diffraction results showed
that synthesized powder from metal nitrites and citric acid is transformed directly into nano-sized ferrites after
an auto-combustion process in air. The low-temperature sintered Li-Cd ferrites possess good electromagnetic
properties and fine-grained microstructures, hence these samples can be suggestible for multilayer chip
inductors with high-performance.

Key Words: : Li-Cd ferrite, citrate-gel, lattice parameter, hopping lengths

1. INTRODUCTION:

Ferrites, which are magnetic oxides, are best examples for very good electrical materials because of their high
resistivity and low loss behavior hence these ferrites have vast technological applications over a wide range of
frequencies. Lithium-based ferrite is a significant magnetic material for applications because of its better properties at
high frequency, high resistivity, high Curie temperature, low dielectric losses and lower densification temperature than
other ferrites. Lithium ferrite is one of the most versatile magnetic materials, useful for microwave devices, memory
core, power transformers in electronics, antennas, read/write heads for high-speed digital tapes, etc. In particular,
mixed lithium ferrites are of much interest because of their application in microwave devices such as isolators,
circulators, gyrators and phase shifters. There are several different synthesis methods used to generate ferrites as
reported in the literature, including Glyoxylate precursor method [1], sucrose method [2-3], reverse micelle technique
[4], hydrothermal method [5]. The objective of this work is to synthesize cadmium doped lithium ferrite produced by
Citrate gel method.

2. EXPERIMENTAL:

Six different compositions of Lijs.x,CdxFe, s.x»204 (Where x=0, 0.2, 0.4, 0.6, 0.8 & 1) are prepared by citrate
gel method. The citrate process [6, 7] is simple, easy and doesn’t require any elaborate and expensive experimental
setup. The main advantages of this method is
[A] Capacity to yield a homogenous mixture of the constituent ions.

[B] As no ball milling is required in this process, there is a little scope of contamination of materials

[C] In case of conventional methods, there is a possibility of introducing iron impurities during milling this leads in-
homogeneity in sample, which affects the magnetic property

[D] This is a simple method which offers a significant saving in time and energy consumption.

The starting materials used in this preparation are Lithium nitrate ( Merc, India), Cadmium nitrate (Merc,
India), iron (III) citrate (Merc, India) and citric acid (Merc India) having molar ratio of 1:3 were dissolved in de-
ionized water. Citric acid acts as chelating agent and helps in the homogenous distribution of metal ions. The P* of the
solution is adjusted to 7 by using ammonia solution. The solution was uniformly heated at 373 K with constant stirring
to transform it into a gel and the dried gel was obtained by de hydration process. The dried gel was combusted with
evolution of gases and resulted in formation loose powder. This powder is subjected to sintering at 600°C for 5 hours
in air medium to get the final product. The X — ray diffraction patterns of the ferrite powder was taken on powder X-
ray diffractometer (X-rd) using Cu-Ka radiation.
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3. RESULTS AND DISCUSSIONS:

The X-ray diffraction patters of the samples are shown in Fig.1
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Fig 1.X-rd of Li-Cd ferrites

All the cadmium substituted lithium ferrites of the various compositions show the crystalline cubic spinel
structure. The sharp peaks represents that all ferrites are crystalline nature of single phase. The lattice parameter of
individual composition was calculated by using the Eq. (1) [8]
a=d (W+K*+1%)"? (1)

Where, a=lattice constant
d= inter planar distance &
(h, k, 1) are the Miller indices

The calculated lattice constant “a” is seen to increase from 8.03 A ° to 8.60 A ° with increase in Zinc content
as reported in Table 1, by indicating that the Li-Cd ferrite system obeys Vegard’s law [9]. The variation of lattice
parameter with cadmium composition is shown in Fig.2. A similar behavior of lattice constant with doping
concentration was observed by [10].
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Fig2. Variation of lattice parameter with composition
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The crystallite sizes of the samples are calculated by using Sherrer’s Formula [11] by using equation (2) by taking into
account of the instrumental broading [12].

W =g ()
Where

d 1 - 1s the crystalline size

Perpendicular to (h k I) pane,

A --- The wave length of X-ray

Used,

B --- Width of diffraction peak i.e., Full Width Half Maxima (FWHM)

0 --- The peak position.

X- Ray density (dx) was determined using the following Eq. 3
d=ZM/Na® - (3
Where ‘Z ‘is the number of molecules per unit cell (Z=8), ‘M’ is the molecular weight and ‘N’ is Avagdro number.

The variation of X-ray density with zinc content for mixed Li-Cd ferrite is shown in the Figure 3. It may be seen from
the figure that bulk density increases linearly with the increase of cadmium content.

Composition Lattice Constant X-ray Crystallite Hopping Hopping
(A% Density size length length
(Gm/cm3) (nm) Tetrahedral Octahedral
sites (dA) sites (dB)

Lig sFe; 504 8.03 5.31 28 5.31 5.31

Li().4 Cd0.2F62.404 8.14 5.25 30 5.25 5.25

Lig 3 Cdg 4Fes 304 8.20 5.29 38 5.29 5.29

Lig, CdyeFer 1204 8.33 5.20 46 5.20 5.20

Lig 1CdgysFes 104 8.46 5.10 52 5.10 5.10

CdFe,04 8.60 4.99 105 4.99 4.99

The hopping lengths of for octahedral (d,) and tetrahedral (dg) sites are calculated by using the Equations (3), (4) [13]
and tabulated in table 1 along with other data.
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d,=0.25av/3 and
dg =0.25a/2 4

CONCLUSION:

A series of Li-Cd nano ferrites with composition Lij 5.x»CdxFe, s x»O4 (Where x=0, 0.2, 0.4, 0.6, 0.8 & 1) was
successfully prepared by using citrate gel method. The lattice parameter, X-ray density, hooping lengths are increasing
as cadmium content is increasing from x=0.0 to 1.0
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Abstract: Barium ferrite (BaFel2019) was successfully synthesized by microwave hydrothermal method at a low
temperature of 160 C/ 30 min. The synthesized ferrite powders were characterized by X-ray diffraction (XRD)
and Scanning Electron Microscopy (SEM). The prepared samples were microwave sintered in the temperature
range of 700 to 950 °C for 45 min. The prepared products of barium ferrite were characterized by X-ray
diffraction, a scanning electron microscope. The density, lattice parameters were measured and discussed on the
variation of sintering temperature
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1. INTRODUCTION

Barium hexaferrite (BHF) is one of the interesting material to scientists and researchers to study in\for the
application point of view because of its industrial applications like microwave devices ,electromagnetic wave
absorbers, computer data storage, high density perpendicular magnetic and magneto-optic recording, disk driver and
video recorder as it is having several characteristics like high magnetic moment per formula unit (20 pg at OK), high
intrinsic coercivity, large saturation magnetisation, high Curie temperature, fairly large magneto-crystalline anisotropy
constant, high permeability with low conduction losses, excellent chemical stability and corrosion resistivity[1-4
].Even though it having several applications it is difficult to synthesis BHF due to its complex nature. Ba ferrite nano
particles are nowadays generated by a series of different physical and chemical preparation methods. Although such
synthetic methods have reached significant advances in terms of homogeneity in the structural/electronic properties of
the particles forming the solid, as well as in the size distribution, much work is still needed to obtain full control of the
synthesis variables and their influence in the final metal-oxide solid prepared. Problems related to oxide stoichiometry
and metal oxidation state (commonly at surface layers) or the presence of impurities and amorphous phases coexisting
with the crystalline one are often encountered. A glimpse into these problems would indicate that the structural and
electronic properties as well as the primary particle size distribution are strongly dependent on the preparation
method, and at the state-of-the-art, a first goal is to perform a detailed and full characterization of the particular solid
yielded by the specific preparation method used. To do such a study here we chosen an ecofriendly synthesis and
novel method called microwave hydrothermal method. It having several advantages compare to conventional
hydrothermal method i.e. (a) high heating rates achieved due to the internal heating manner within the material being
processed rather than the heating at the surface; (b) non-contacting heating between the heating source and the
reactants and/or solvents; (c) precisely controlling of process parameters; (d) selectively heating compounds with
different microwave-absorbing properties; (e) high yields of the products; and (f) both energy and time savings.

In this study, the effect of microwave reaction temperature on the synthesis, phase evolution, and
microstructure of barium ferrite has been studied. In particular, we discuss the sintering temperature on the phase
composition.

2. EXPERIMENTAL

Barium hexa-ferrite nano particles with different reaction temperature were prepared by M-H method. It
provides better control on stoichioetry and structural parameters at nano scale. The chemicals used for the synthesis of
samples were Ba (NO3),.6H,O and Fe (NO;);-9H,0. The salts were dissolved in de-ionized water. The solution of
both of these precursors with molar ratio (Fe/Ba = 12) was prepared. This solution was heated along with continuous
stirring on hot plate. When temperature of solution was reached to 70°C, solution of NaOH was added until required
pH value 13 was reached. The aqueous solution was stirred for 1 h to get fine homogeneity. The mixture was then

Available online on - www.ijrcs.org Page 200



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY ISSN: 2456-6683 Special Issue -8, Feb -2018
UGC Approved Monthly, Peer-Reviewed, Refereed, Indexed Journal Impact Factor: 3.449 Publication Date: 25/02/2018

treated in a Teflon-lined vessel using a microwave digestion system (Model MARS, CEM Corp.). The system is
controlled by both pressure and temperature. In the present investigation all the samples were synthesized at different
temperatures 170°C/45min. The final slurry product obtained were filtered, and then washed repeatedly with de-
ionized water and ethanol, followed by freeze-drying overnight. The prepared powders were weighted and the
percentage yields were calculated from the expected total amount based on the solution concentration and volume and
the amount that was actually crystallized. As synthesized powders were granulated and compacted into discs and
torroidal specimens by applying uniaxial pressure of 150 MPa and then sintered at different sintering temperature
(700, 800, 875, 950°C/40min) and characterized by using XRD (Philips Model no: PW-1730), structural morphology
was studied by FESEM. In this study, the effect of microwave reaction temperature on the synthesis, phase evolution,
and microstructure of barium ferrite has been studied. In particular, we discuss the sintering temperature on the phase
composition.

3. RESULTS AND DISCUSSION

Fig 1 .Shows the XRD patterns of the as prepared BHF nanopowders with varying the synthesis parameters
(i.e. temp). It can be seen from the figure that the powders without microwave treatment gives completely amorphous
phase (Fig 1(a)). The powder synthesized at 110°C shows mainly mixture of phase hematite (a-Fe,Os),magnetite (y-
Fe,05).The intensity of y-Fe203 decreases markedly with increase of reaction temperature, the BaFe;;0,9 (JCPDS
No. 74-1121) and intermediate phase identified as barium iron oxide (BaFe,0O,) were formed at 170°C for lhr. The
efficiency of producing barium hexa ferrite at low temperature increased due to the modified reaction mechanism
compare to the other synthesis methods. The mean crystallite sizes were calculated by using Scherrer equation and the
crystallite size are in the range of 12 — 18 nm. With increase of reaction temperature the mean crystallite size also

increases.
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Fig. 1 XRD patterns of as synthesized Barium ferrite nanopowders

Fig 2 shows the FESEM patterns of the as synthesized powders. From the figure it is clearly seen that the
particles are regular hexagonal platelets with rather homogeneous particle sizes are in the range from 20nm -25
nm(with a standard deviation of ~2 nm), this is almost in good agreement with XRD peak broadening calculations
using scherrer relation.
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Fig 3 .Shows the XRD patterns of the sintered BHF samples at different sintering temperature (MS1 (700°C),
MS2 (800°C), MS3 (850°C) and MS4 (900°C). It can be seen from the figures that the sample sintered at 700°C
shows the minute trace of a- Fe,O; and BaFe,O, phase with hexaferrite phase. The samples with sintering
temperature more than or equal 800°C shows the complete hexaferrite phase without showing any residual phases it is
less than the reported temperature by Sadana et.al[5] . This can be achieved mainly due to the applying of higher
initial microwave reaction time and sintering time to prepare the powders. With increasing sintering temperature.
Therefore it is concluded that a single phase hexaferrite observed when the sintering temperature is more than 800°C.
The peaks of BaFel2019 phase got narrower and sharper, manifesting particle size increase and crystallinity
improvement with increasing temperature.The monophasic patterns obtained by these methods match exactlythe
reference standard, JCPDS file no: 27-1029.
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Fig.3. XRD patterns of sintered Barium ferrite

The X-ray diffraction pattern indexed with (hkl) values for each peak of BaFel2019 nano-hexaferrite is
shown in Fig. 1.The observed diffraction lines were found to be corresponding to the standard pattern of the
BaFe12019 ferrite with no extra lines, thereby, indicating that thesample has a single-phase hexagonal structure and
no unreacted constituents are present in the sample. Table 1 shows the values of particle size, a,and c for the studied
BaFe12019 nano-hexaferrite. The obtained values are nearly same as reported by other worker [5] which shows the
perfectness of crystal structure of the BaFe12019 nano-hexaferrite. The scanning electron micrograph for studied
nanohexaferrite is shown in Fig. 2 which confirms the hexagonal phase of BaFe12019 nano-hexaferrite.

Table 1: Preparation data of nanocrystalline barium ferrites at room temperature

Sintering Grain size Lattice constant Bulk X-ray density
temperature | Crystallite size (nm) (A) density g/cc
(°0O) (nm) a C (g/ce)
600 40 50 5.865 22.891 4.592 5.372
800 45 58 5.874 23.121 4.664 5.321
700 59 65 5.887 23.165 4.746 5.316
900 66 73 5.892 23.182 4.832 5.302

The average crystallite size was determined from the position of the strongest (1 0 7) diffraction peak via the
FWHM using the well-known Scherrer equation, with a constant k of 0.9. The 100% peak (1 0 7) was located at
32.17851 having an FWHM of 0.19981 and therefore an average crystallite size (D) of 4.69 mm. With increasing heat
treatment temperatures from 800 to 900°C the relative intensity of the 100% peak increased while the other peaks
becoming equally sharper indicating an increase in particle size.

Figs. 4(a)—(d) show the morphology of these particles as synthesized as well as the development of grain
structure. The particles following coprecipitation were found to be largely uniform in both shape and size where the
majority are of acicular/platelet form and the size ranged from 0.5 to 2 mm. In case for the polished and etched
samples sintered at 900 °C, it is clear, from Figs. 2(b) to (d), that the particles are hexagonal platelet crystals and the
average grain ranged from 3.5 to 10 mm with the largest grains in the range of 20-25 mm. There is clear evidence that
some of these grains have coalesced to form larger grains within the material formed at high temperature as a
consequence of thermodynamically driven mass diffusion mechanisms. An example is shown in Fig. 4(b), where the
particles are of the order of 25 mm wide by 60 mm long. However, these types are less prevalent throughout the
material than those uniformly distributed, the grain size of which lies in the region of approximately 5 mm in
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diameter. It is to be noted here that there are some pores present; in the final structure that is unavoidable since 100%
theoretical density is never achieved duringany sintering process.

The bulk density of the present investigated samples was accurately measured using the Archimedes’s
principle by taking an average of eight trials. The bulk density of the sample was calculated from precise
measurements of the dry, saturated, and suspended weight. The weight loss of the sample in the water was measured
using a digital balance with an accuracy of 0.001mg. The bulk density of a sample was estimated using Eq. 3.6 and
the calculated py, value is presented in Table 3.2.

p — Mgy (3)
bulk Mair_Mwater aes maw es
Where M,;; is mass of the sample in air andMy, is mass of the sample in water.

It can be seen from the table that the densification rate has been significantly increased in the microwave
sintering process. In the microwave sintering process needs only 20 min to reach 700°C and to obtain a sample with
density as high as 90% of TD. The density of Microwave sintered sample has increased to 96% of TD with an
increase of sintering temperature from 700°C to 900°C. Thus, higher densification was achieved in a shorter period by
using the ‘rrrlvicrowave sintering process.

¥

Fig. 4. FESEM pictures on sintered Barium ferrite.
The lattice constant (a) for all the present samples has been calculated with the help of XRD pattern. For a
given set of planes (h k I) and from the Bragg’s equation [24, 25] the interplanar spacing (d) is given by

Where n = order of reflection, A = wave length of radiation and 6 = glancing angle of incident X-ray beam. In general,
for Hexagonal structure crystal structure the lattice parameter have been estimated using the following equation:
1/d% = 4/3[ h? +k +hk/ a® + 1/c?].......... 2
Lattice parameters (a) for all samples under investigation have been estimated using the above equation, dy
corresponding to all the diffraction peaks. The average values of lattice constant for nanocrystalline barium ferrite
samples are presented in the Table 1.
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microwave-hydrothermal (M-H) method at 160°C/30 min. The samples were microwave sintered at temperature
as low as 900°C/30 min. The sintered samples were characterized using X-ray diffraction (XRD) and Scanning
electron microscopy (SEM). The variations of the crystallite size, grain size, sintered density andlattice constant
as a function of copper concentration at room temperature have been investigated.
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1. INTRODUCTION

Sintered NiCuZn ferrites was first demonstrated as an electromagnetic wave absorber sheet in HF (3~30MHz)
region. Recently, RFID components have become a blossoming communication technique based on high frequency
electromagnetic waves and have been used for logistics management. However, poor coupling between tags and
readers could be caused by the destructive interference induced by a conductive atmosphere. The electromagnetic
absorber sheet can improve the cross talk of RFID tags with their readers in the equipment, and the miniaturization of
this component would permit a higher mounting density in equipment, enabling the fabrication of smaller, lighter and
more functional electronic products. NiCuZn ferrites are potential materials for HF application due to their high
resistivity, high permeability, broad bandwidth, and low price.

Spinel ferrites are commercially important because of their excellent electrical and magnetic properties [1].
The usefulness of ferrites is influenced by physical and chemical properties of the materials and depends on many
factors including the methods of preparation. Recently, there has been a grownup interest in low temperature sintered
NiCuZn ferrites for the application in producing Multilayer type Chip Inductors( MLCIs) because of their good
electromagnetic properties at high frequency and low densification [2-3].

During the manufacture of microwave absorbe, ferrite powder needs to be sintered < 950°C in order to co-fire
with Ag internal electrode [4 -6].Generally, the sintering temperature of these ferrites has been lowered by an addition
of sintering aids such as, lead glass, Bi,Os;, V,0Os and WO; were added [7-8]. In many ferrites, an addition of aids has
been lowered the sintering temperature from 1200°C to 900°C and also it was found that the physical and electrical
properties were enhanced. However, the values of initial permeability and saturation magnetization were decreased.
Now it is well known that the lowering of sintering temperature can also be achieved by choosing pure and fine
starting chemical powders.

Out of all methods available for the synthesis of the spinel ferrite nano powders can easily synthesized using a
microwave-hydrothermal (M-H) method and which is one of the promising methods for preparing fine ceramic
powders. The main advantages of microwave hydrothermal method over the conventional hydrothermal method are:
the kinetics of the reaction is enhanced by one to two orders of magnitude, novel phases can be obtained and the rapid
heating to treatment temperature saves time and energy. Komarneni et al [9-11] have used the M-H method to
prepare nanopowdes of various ferrites with large surface area. Therefore, in the present investigation nanopowders of
NiCuZn ferrites were synthesized using M-H method.

Microwave sintering has got many advantages over the conventional sintering method and thus used for the
synthesis and sintering of ceramics [12,13]. Hence detailed investigations of the electrical and magnetic properties of
NiCuZn ferrites prepared by microwave hydrothermal method and microwave sintered have been undertaken .The
obtained results were compared with the conventionally sintered samples and presented in this paper.

2. EXPERIMENTAL
Pure (99.9%) nickel nitrate [Ni(NO;),.6H,O], copper nitrate [Cu(NOs3),.3H,0], zinc nitrate [Zn(NOs3),
.6H,0] and iron nitrate [Fe(NO3), .9H,0] were dissolved in 50 mL of de-ionized water. The molar ratio of powders
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was adjusted to obtain composition Nig s.sCu,Zng sFe,0, (x=0,4,6,8,12mol%) An aqueous NaOH solution was added
to solution until the desired pH (~ 9.45) value was obtained. The products obtained were filtered and washed
repeatedly with de-ionized water, followed by drying overnight.

All the synthesized products were characterized using powder XRD. Particle size and morphology were
determined using transmission electron microscopy (TEM) (Model JEM-2010, JEOL, Tokyo, Japan).

The obtained ferrite powder was mixed with an appropriate amount of 2wt% polyvinyl alcohol as a binder.
Then the powder was uniaxially pressed at a pressure of 1500 kg/cm? to form green pellet and toroidal specimens. After
binder burnt out at 500°C for 45 min, the compacts were microwave sintered at 850°C (sample MH1, sample MH2,
sample MH3, sample MH4 and sample MhS5 respectively) for 30min in air. The microwave sintering process was
carried out using a specially designed applicator and which consists of a domestic microwave oven having an output
power level tunable up to a maximum of 1100 W and operating frequency of 2.45 GHz.

The structure of the sintered materials was examined using X-ray diffraction. The bulk density of the present
samples was measured using the Archimedes method. The dc electrical resistivity for all the samples have been
measured using two probe method at room temperature. The dielectric constant and loss were measured at 1 MHz on
the NiCuZn ferrites using a LCR meter. All these properties were measured with the variation of copper. The obtained
results were compared with the conventionally sintered samples and the results were presented in this paper.

3. RESULTS AND DISCUSSION

The X-ray diffraction pattern of NiCuZn ferrite (MH 1) powder was shown in Fig. 1, suspension with pH =
9.5 were prepared by the M-H synthesis and held at 160°C for 30 minutes. For the optimization of the synthesis
temperature initially the suspension with pH = 9.5 was subjected to several temperatures for 30 minutes starting from
120°C. The powders precipitated at room temperature before the M-H treatment was denoted as the precursor. In the
reaction conditions synthesized from 120°C to 160°C for 30 minutes only.

Figs.1 shows the X-ray diffraction pattern for the nano-powders of MH 2 to MH 5 respectively. It is clear
from the figures that single-phase spinel structure is seen in all the cases. The broad diffraction peaks observed in
XRD pattern indicates the small particle size nature. The intensity, 1311 of the 311-reflection peak for the spinel
ferrites prepared by the M-H method was compared at different reaction temperatures and holding times. The 311-
reflection peak in the present ferrite (NiCuZn ferrite) is the major existing peak at 26 = 35°. The average particle size
of the synthesized powders was estimated from the X-ray peak broadening. Scherer equation was employed on the
diffraction lines (22 0), 31 1), (4 00), (51 1)/(3 3 3) and (4 4 0) to find out the average crystallite size. The
calculated particle sizes for the present powders are in between 50-20 nm.
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Fig. 1 X-ray diffraction pattern for the nano-powders of NiCuZn ferrites

Conventional technique requires relatively larger time. This places serous limitation on the ceramic method.
Microwave sintering method overcomes this limitation of the ceramic method. As sintering temperature plays an
important role in the microwave sintering processes of the ferrites, this temperature was selected after conducting a
study of effect of sintering temperature on the densification characteristics for NiCuZn ferrites. The samples were
sintered at 600,650, 700,750, 800,850 900,950, and 1000°C for 45 min. Fig.2 gives the results of such an
investigation for the Nijs,Cu,ZngsFe,O, ferrites (where x= 0, 4,6,8 and 12 mol%). It can be seen from the figure,
when the sintering temperature was 800°C, the ferrite starts to shrink at higher temperature.
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Fig, 2. Shrinkage effect in NiCuZn ferrites

This result is due to hematite component in the ferrite powder and suggests that the firing at a temperature
below 700°C is difficult. The densification curve shifted towards low temperature side with increasing sintering
temperature. However, the curve shifted towards the high temperature side for the sintering temperatures more than
900°C. Thus, for obtaining uniform spinel phase, the sintering temperature should be in between 850°C- 900°C is
required. Therefore, in the present investigation, the samples were sintered at 900°C/30 min by using microwave
sintering method..

The X-ray diffraction patterns (XRD) of all the ferrites sintered using microwave sintering method have been
obtained by using Cu-k, radiation. Fig. 3 show the X-ray diffraction patterns for all the microwave sintered NiCuZn
ferrites. All these ferrites were sintered at a temperature of 900°C/30 min respectively. It can be seen from the
figurethat the XRD patterns show that all samples have spinel phase, indicating the absence of any other impurity
phase. The line widths observed in the XRD pattern are narrower than that of the line widths of the corresponding
nanocrystalline powders. The Scherer’s equation is used to estimate the particle size of samples and results are

presented in Table 1.
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Fig. 3. XRD patterns for microwave sintered NiCuZn ferrrites
The grain size (Dm) of the sintered ferrites has been estimated with the help of XRD patterns using Scherrer’s

equation:
Dm=KN BCosb .|
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where K is a constant, § is the full width half maxima and A is the wavelength of X-rays used and 0 is the
diffraction angle. The obtained results are presented in the Tablel. It can be observed from the table that the grain size
of nano-crystalline powders increased with an increase of copper concentration. The grain of these microwave
sintered samples were compared with the conventionally sintered samples in Fig.3.It can be observed from the figure
that the microwave sintering of the samples resulted a fine grains than that of conventionally sintered samples. Similar
behavior was observed with the sintering of other ferrites in our lab [13].

Using the X- ray diffraction patterns, the lattice constant (a) is calculated. For a given set of planes (h k 1), the
spacing ‘d’ is given by
dhkl = nl/ 2sinq 2)
Where n = order of reflection, | = wave length of radiation and q = glancing angle of incident X-ray beam. The values
of ‘d’ for the mixed ferrites are calculated using the equation (3.1). Using the values of ‘d’, the lattice constant (a) for
the ferrite is obtained using the following equation

a=d/ (h2+k2+12)1/2 3)

using the equation (3.2) the lattice constants for all the ferrites under investigation has been calculated. From the
XRD patterns of the value of lattice parameter for the microwave sintered ferrites are presented in Table 1. It can be
seen from the table that lattice parameters for these nanocrstalline ferrites increases with an increase of Cu** ion
concentration. Since Cu** ions have larger ionic radius (0.87 A°) than those of Ni** ions (0.83 A°), a partial
replacement of latter by the former causes the expansion in unit cell dimensions, thereby increasing the lattice
parameter.

Table 1: Preparation data for nanocrystalline NiCuZn ferrites

Sampl | Crystall | Grain | Lattice Bulk Pyray Porosity
e ize size | size constant density | (g/cm’) (%)
nm (A) Phuik
(nm) (g/em?)

MHI1 72 76 8.373 4.98 5.37 7

MH?2 78 80 8.390 5.07 5.36 6

MH3 85 90 8.393 5.09 5.36 5

MH4 63 70 8.422 5.12 5.28 3

MHS5 90 95 8.436 5.00 5.26 5

The bulk density (r) of all the prepared ferrites has been measured accurately by the Archimedes principle.
The bulk density of the sample is given by
pbulk = Mair/ (Mair - Mwater) 4
where Mair is mass of the sample in air and Mwater is mass of the sample in water.

This method gives the density values with an accuracy of + 0.01 gm/cc. The bulk densities for all the
presently investigating ferrites are obtained using equation (4) and results are presented in Table 1 for microwave
sintered samples.

X-ray densities have been determined using the value of lattice constant (a). The X-ray density (rx-ray) for the ferrite
samples is obtained using the relation:
px-ray = 8M / Na3 4)
Where M = Molecular weight of the ferrite sample
N = Avogadro number
8 = is the number of molecules in the unit cell of spinel lattice
a = Lattice constant
The rx-ray values for the conventionally sintered ferrites were calculated and results were presented in Table 1.
The porosity of the samples is given as:
Percentage porosity (P%) = [1-Bulk density/X-ray density] x 100 ---------- (6)
Using the equation 6 the values of porosity were obtained for all the microwave sintered ferrites under
investigation and the values of porosity vary from 3% to 7%.

From table it is also evident for an influence of Cu*” ion concentration on the densification characteristics of the
NiZn ferrites. The influence of Cu*” ion concentration on the densification of the NiZn ferrite for different sintering
temperatures is presented in Tablel. It can be observed from the table that when the Cu™ content increased from 1
mol% to 8mol% the shrinkage or densification curve shifted towards the low temperature side. The densification
characteristics are clearly increased with increasing of Cu*” content, the densification temperature of the sample
decreases. Thus, the high-density samples were obtained at relatively low sintering temperature (900°C) by an addition
of 8 mol% of Cu*. For the higher additions of the Cu**, the density was found to decrease. In general, at higher
sintering temperatures a decrease in density was observed. The decreasing has been attributed to increased intragranular
porosity resulting from discontinuous grain growth as observed by Burke et al. [14].
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The values of lattice parameters are found to increase with increasing Cu** ion content from 8.373 °A for 1
mol% to 8.437 °A for 12 mol%. This increase is expected in view of the fact that the ionic radius of 0.87 °A for a Cu
jon is smaller than that of 0.83 °A for Ni** ions. It is well known that in NiCuZn ferrites [15] Ni** ions prefer octahedral
sites (B-sites) and Zn** ions prefer tetrahedral sites (A-sites), also Cu* ions prefer octahedral sites (B-sites). The
increase of the lattice volume usually increases the diffusion path and which in turn increases the rate of cation
interdiffussion in the solid solution [16]. But, during the sintering the grain boundary diffusion may play an important
role in the grain growth [14]. Thus, the sintering of NiCuZn ferrite may be dominated by the two diffusion
mechanisms. Since Cu*? jons have larger ionic radius than those of Ni** ions, a partial replacement of latter by the
former causes the expansion in unit cell dimensions, thereby increasing the lattice parameter.

Fig. 4. SEM pictures for microwave sintered NiCuZn ferrites

Fig.4represents the SEM pictures for the microwave sintered samples of the NiCuZn ferrites. It can be seen
from the figures that the sintered powders are spherical in shape and the particle size have been estimated from the
TEM pictures for all the samples and presented in the Table 1. It can also be observed from the figures that the surface
of the sample shows voids and pores formed by the escaping gases during the microwave reaction. This type of
porous network is typical of microwave sintered powders. These porous powders are highly friable which facilitate
easy grinding to obtain finer particles.

In the Microwave sintering, the local temperature differences at pores and interfaces in the earlier stage of
sintering are considered to be the origin of the microwave effect. The microwave radiation effect on grain growth is
expected to be smaller than the effect on densification in the case of densified sample as these interfaces disappear in
the later stage of sintering. As a consequence, enhanced grain growth is not observed with isothermal microwave
sintering. Due to this reason microwave sintered samples possesses small and uniform grain structure.

4. CONCLUSIONS:

A series of NiCuZn ferrites were prepared using microwave hydrothermal method. The powders were sintered
at were sintered at 850°C/30 min. The prepared samples were characterized using X-rays. Grain sizes were calculated
with the Scherer formula and a fine grain microstructure was expected. With increasing Cu™ content, the density,
electrical resistivity increased upto 8 mol% and then decreases on higher addition. All the properties were compared
with the conventionally sintered samples. From the enhancement of all the properties it can be concluded that the
microwave sintering is advantageous than the conventional sintering.
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Abstract: Image Acquisition is the first stage of any vision systems that refers to the collection of data required
to form an image. This Research evaluates three image acquisition methods such as Traditional Monocular
vision, RTI (Reflectance Transformation Imaging) and Proposed shadow Stereopsis. These acquired images are
then applied into edge detection process for comparison. Analyses are performed in terms of computation time
and various performance measures such as Hamming distance, Peak Signal to Noise Ratio (PSNR) and Mean
Square Error (MSE). Comparisons with the best available results are given in order to illustrate the best
possible technique that can be used as powerful image acquisition method. This research work helps us for
improving the perception of details, features and overall shape characteristics from images which are further
useful in the study of ancient archaeological stone writings

Key Words: Canny edge detection technique, Edge detection, Prewitt edge detection technique
\. J

1. INTRODUCTION

Image acquisition in image processing can be defined as the action of retrieving an image from the source.
Performing image acquisition in image processing is always the first step in the workflow sequence. The image that is
acquired is completely unprocessed. This unprocessed image is then subjected to edge detection.

Edge detection is the process of identifying and locating sharp discontinuities in an image. It have been used
by object recognition, target tracking, object detection etc. Segmentation partition the image into a set of disjoint
regions that are uniform and meaningful with respect to some characteristics to enable easy image analysis. Image
processing is used in many applications like video surveillance, traffic management and medical imaging. Edge
detection is the process of locating an edge of an image. Edges can be classified based upon their intensity profiles
like step edge, ramp edge, ridge edge, roof edge. Prewitt, Robert, Sobel and Canny are edge detection algorithms. In
edge detection, we used two types of operators namely gradient based edge detection and laplacian based edge
detection. The objective of edge detection is to discover the information about the shapes and the reflectance or
transmittance in an image and every detector is used to avoid false edges and detected edges should closest to
reference edges. Edges can be classified based upon their intensity profiles.

IMAGE ACQUISITION APPROACH
Traditional Monocular Vision: In traditional monocular vision system, localization algorithm is realized by image
space transformation, which leads to a trivial calculation process and a complex camera calibration method.
Reflectance Transformation Imaging: The generation of the RTI image requires a set of photos acquired from the
same point of view, where in each photo the object is illuminated by a light source from a different direction.
Proposed shadow Stereopsis: Stereopsis is a term that is most often used to refer to the perception of depth and 3-
dimensional structure obtained on the basis of visual information deriving from two eyes by individuals with normally
developed binocular vision. Calculations based on shadow in the image is performed.

Acquired Noise Edge

Image Removal HLELTEUGN Detection

STEPS IN EDGE DETECTION
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Edge detection can be done in four steps smoothing, enhancement, detection and localization.
1. Image smoothing: - This step involves filtering the image for noise reduction and improving the performance of
edge detector.
2. Enhancement: - This step related with improving the quality of the digital image. We use filter to enhance the
quality of the edges in the image.
3. Detection: - Extracting all edge points and determine which edge pixels should be discarded as noise.
4. Localization: - This step used for determine the exact location of an edge (sub- pixel resolution might be
required for some applications. It estimate the location of an edge to better than the spacing between pixels).

1.
Smoothing

Four Steps 5

Enhancement

4. Localization of Edge
Detection

3.
Detection

EDGE DETECTION TECHNIQUES
The edge detection algorithms can be generally classified based on the behavioural study of edges with respect to
the operators. Different edge-detection approaches can be broadly classified under classical or gradient based edge
detectors (first derivative), Zero crossing (second derivative) and optimal edge-detector.

2. EXPERIMENTAL
2.1 EDGE-DETECTION APPROACHES

Edge detection filters out ineffective data, noise and frequencies while preserving the important structural
properties in an image.
There are many ways to perform edge detection. However, the majority of different methods may be grouped into
two categories namely Gradient and Laplacian.
1. Gradient: The gradient method detects the edges by looking for the maximum and minimum in the first
derivative of the image.
2. Laplacian: The laplacian method searches for zero crossings in the second derivative of the image to find edges.
An edge has the 1D shape of a ramp and calculating the derivative of the image can highlight its location.

3. RESULTS AND DISCUSSION

3.1 EDGE-DETECTION METHODOLOGIES

Prewitt Edge Detection: The Prewitt edge detector is one of the classical operator used in image processing tools.
The prewitt operator have different kernels, where constant c=1. It is the way to estimate the magnitude and
orientation of an edge. The prewitt operator is limited to 8 possible orientations.

Canny Edge Detection: It is one of the edge detection method to find edges from the input image without affecting
the features of the edges. The canny edge detector first smoothens the image to eliminate noise. Then it finds the
image gradient to highlight regions with high spatial derivatives. After that it perform tracking along these regions
and suppresses any pixel that is not at the maximum.

4. CONCLUSITON

Edge Detections of images of ancient archaeological stone writings and carvings can be very effective in
analysing and studying our cultural heritage. Image Acquisitions needs to be tested along with different edge
detection techniques for they performance and accuracy. Detection technique which provides best results in an
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intelligent way of detecting edges in which it maintains both precision and image identity at the same time, with and
without considering threshold is apt one.
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Abstract: On the basis of the Enterprise/Organization requirement for hadoop/big-data the performance
considerations are the pyramids tip. Our research leads on how to overcome the challenges on attaining as much
performance optimization we can have for extracting huge data in less time. Here we discuss and compare about
the Hive Partitioning and Hive Bucketing we show the comparative study of show data is extracted using
Bucketing method where it removes the redundancy of data. Here the main objective is to attain maximum
performance while extracting the data.The Aim and Objectives is Optimized Hive Tables, Enables more Efficient
Queries, Optimized access to tables to data, Evenly distribute the data.
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1. INTRODUCTION:
Map Reduce - Partitioner

A partitioner works like a condition in processing an input dataset. The partition phase takes place after the
Map phase and before the Reduce phase.The number of partitioners is equal to the number of reducers. That means a
partitioner will divide the data according to the number of reducers. Therefore, the data passed from a single
partitioner is processed by a single Reducer.
Partitioner

A partitioner partitions the key-value pairs of intermediate Map-outputs. It partitions the data using a user-
defined condition, which works like a hash function. The total number of partitions is same as the number of Reducer
tasks for the job. Let us take an example to understand how the partitioner works.
Map Reduce Partitioner Implementation

For the sake of convenience, let us assume we have a small table called Employee with the following data.
We will use this sample data as our input dataset to demonstrate how the partitioner works.

Id Name | Age | Gender | Salary
1201 gopal 45 Male 50,000
1202 | manisha | 40 Female | 50,000
1203  Kkhalil 34 Male 30,000
1204 | prasanth | 30 Male 30,000
1205  Kiran 20 Male @ 40,000
1206 & laxmi 25 | Female | 35,000
1207 bhavya 20 @ Female @ 15,000
1208 | reshma 19 | Female | 15,000
1209 | kranthi | 22 Male 22,000
1210 @ Satish 24 Male 25,000
1211 Krishna = 25 Male 25,000
1212 | Arshad | 28 Male 20,000
1213 lavanya 18 @ Female @ 8,000
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We have to write an application to process the input dataset to find the highest salaried employee by gender in
different age groups (for example, below 20, between 21 to 30, above 30).

Input Data
The above data is saved as input.txt in the “/home/hadoop/hadoopPartitioner” directory and given as input.
1201 gopal 45 Male 50000
1202 manisha 40 Female 51000
1203 khaleel 34 Male 30000
1204 | prasanth 30 Male 31000
1205 kiran 20 Male 40000
1206 laxmi 25 Female 35000
1207 bhavya 20 Female 15000
1208 reshma 19 Female 14000
1209 kranthi 22 Male 22000
1210 Satish 24 Male 25000
1211 Krishna 25 Male 26000
1212 Arshad 28 Male 20000
1213 lavanya 18 Female 8000

Based on the given input, following is the algorithmic explanation of the program.
Map Tasks

The map task accepts the key-value pairs as input while we have the text data in a text file. The input for this
map task is as follows —

Input —The key would be a pattern such as “any special key + filename + line number” (example: key = @inputl)
and the value would be the data in that line (example: value = 1201 \t gopal \t 45 \t Male \t 50000).

Method — The operation of this map task is as follows —

1. Read the value (record data), which comes as input value from the argument list in a string.
2. Using the split function, separate the gender and store in a string variable.

String[] str = value.toString().split("\t", -3);
String gender=str[3];

3. Send the gender information and the record data value as output key-value pair from the map task to the
partition task.

context. write (new Text(gender), new Text(value));

4. Repeat all the above steps for all the records in the text file.
5. Output — You will get the gender data and the record data value as key-value pairs.

Partitioner Task

The partitioner task accepts the key-value pairs from the map task as its input. Partition implies dividing the data into
segments. According to the given conditional criteria of partitions, the input key-value paired data can be divided into
three parts based on the age criteria.

Input — The whole data in a collection of key-value pairs.

key = Gender field value in the record.

value = Whole record data value of that gender.

Method — The process of partition logic runs as follows.
Read the age field value from the input key-value pair.

String[] str = value.toString().split("\t");
int age = Integer.parselnt(str[2]);

Check the age value with the following conditions.
1. Age less than or equal to 20
2. Age Greater than 20 and Less than or equal to 30.
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3. Age Greater than 30.

if(age<=20)
{

returnOQ;

}
elseif(age>20& & age<=30)

{
returnl %numReduceTasks;

}

else

{
return2%numReduceTasks;

}

Output —The whole data of key-value pairs are segmented into three collections of key-value pairs. The Reducer
works individually on each collection.

Reduce Tasks

The number of partitioner tasks is equal to the number of reducer tasks. Here we have three partitioner tasks and
hence we have three Reducer tasks to be executed.

Input — The Reducer will execute three times with different collection of key-value pairs.
key = gender field value in the record.

value = the whole record data of that gender.

Method —The following logic will be applied on each collection.

1. Read the Salary field value of each record.
String [] str = val.toString().split("\t", -3);
Note: str[4] have the salary field value.

2. Check the salary with the max variable. If str[4] is the max salary, then assign str[4] to max, otherwise skip
the step.
if(Integer.parselnt(str[4])>max)
{
max=Integer.parselnt(str[4]);
}

3. Repeat Steps 1 and 2 for each key collection (Male & Female are the key collections). After executing
these three steps, you will find one max salary from the Male key collection and one max salary from the
Female key collection.

4. context.write(new Text(key), new IntWritable(max));

Output —Finally, you will get a set of key-value pair data in three collections of different age groups. It contains the
max salary from the Male collection and the max salary from the Female collection in each age group respectively.

After executing the Map, the Partitioner, and the Reduce tasks, the three collections of key-value pair data are
stored in three different files as the output.

All the three tasks are treated as MapReduce jobs. The following requirements and specifications of these
jobs should be specified in the Configurations —

HIVE is a Data Warehouse infrastructure tool to process the structured data in Hadoop. It is useful in summarizing
the data and makes querying &analyzing easy. It provides SQL dialect called HQL(Hive Query Language) for
querying the data that is stored in the Hadoop cluster.
Hive Partitioning and Bucketing both are used to performance optimization.
Example of Partitioning and Bucketing:
CREATE TABLE newemployee (
employee_idint,
name string,
city string

)
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PARTITIONED BY (year STRING, month STRING, day STRING)
CLUSTERED BY (employee_id) INTO 64 BUCKETS
Partitioning
Partitioning is nothing but dividing the data into compartments which helps in organizing data in logical
fashion. Partitioning data is often used for distributing load horizontally.

With reference to Table creation example above when we insert some data into a partition for 2017-08-16.
Hive will then store data in a directory hierarchy, such as:

/user/hive/warehouse/newemployee/y=2017/m=08/d=16
Bucketing

Hive Buckets is a technique of decomposing data or decreasing the data into more manageable parts or equal
parts.

So for example as shown above in the newemployee table if we partition by date and bucketing by
employee_id. The value of this column will be hashed by a user-defined number into buckets. Records with the same
employee_id will always be stored in the same bucket.

2. Hive Partitioning Vs. Bucketing
Partitioning

e Hive Partitioning is dividing the large amount of data into number pieces of folders based on table columns
value.

e Partitioning can be done on multiple columns.

e For Partitioning in hive we have to use PARTITIONED BY (COL1,COL2...etc) command while hive table
creation.

e Partitioning can be performed on any number of columns in a table by using hive partition concept.

e Partitioning can be performed on Hive Tables like Managed tables or External tables.

e Partitioning works better when the cardinality of the partitioning field is not too high. 'cardinality' means to the
number of possible values a field can have. The cardinality of the field relates to the number of directories that
could be created on the file system. As an example, if you partition by employee_id and you have millions of
employees, you may end up having millions of directories in your file system.

e By using Partitioning we can distribute execution load horizontally.

e Partitioning gives better performance and faster execution of queries in case of partition with low volume of data.

e By partitioning, we can create multiple small partitions based on column values.

Bucketing

e Bucketing AKA Clustering, will result in a fixed number of files, since you specify the number of buckets at the

time of table creation. Hive takes the field, calculate a hash and assign a record to that bucket.

Bucketing can only be applied on one field

To use bucketing in hive then you should use CLUSTERED BY (Col) command while creating a table in Hive.

Hive bucketing optimization only on one column only not more than one.

We can perform Hive bucketing concept on Hive Managed tables or External tables.

Bucketing works well when the field has high cardinality and data is evenly distributed among buckets.

'cardinality’ means to the number of possible values a field can have.

Hive bucketing divides the data into number of equal parts.

e Bucketing gives better performance and faster execution of queries such as joins with other tables that have
exactly the same bucketing

e By using bucketing, we restrict the number of buckets to store the data. This number is defined during table
creation scripts.

3. Problem Statement

On the basis of the Enterprise/Organization requirement for hadoop/big-data the performance considerations
are the pyramids tip. Our research leads on how to overcome the challenges on attaining as much performance
optimization we can have for extracting huge data in less time.
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Hadoop Hive bucket is to divide Hive partition into number of equal clusters or buckets. Bucketing is to
Organize for table clustering. Hive bucket is reducing the hive partitioned data into more manageable parts.

Let’s have the example of Hive bucket.

We have studentsregistration table with registration_date, student_id, course_dtl etc. Hive table will be
partitioned on registration_date and student_id as the second-level partition will divide into many small partitions in
HDFS.

To overcome this problem, we use Hive bucketing.

Partition by registration_date and bucketing by student_id. The values of this column will be hashed into
number of buckets defined by the user. Tuples with the same value of student_id is stored in the same bucket.
CREATE TABLE bucketed_table
(

Coll integer,
col2 string,
col3 string,
col4 date,

)
PARTITIONED BY (col4 date)

CLUSTERED BY (col1) INTO user_defined_integer BUCKETS
STORED AS TEXTFILE;

One column only should be used to create buckets, no more than one column. Creating Hive buckets on hive
tables are hive external tables in on the user requirement and type of SELECT queries on the specific table.

Hadoop Hive Bucketing

Hive bucketing concept is diving Hive partitioned data into further equal number of buckets or clusters. You
have to use the CLUSTERED BY (Col) clause with Hive create table command to create buckets.

Difference between Partitioning and Bucketing in hive

1. Hive Partition
2. Advantages with Hive Partition
2.1 Disadvantages with Hive Partition
3. Hive Bucketing
4. Advantages with Hive Bucketing
4.1 Disadvantages with Hive Bucketing

Hive Partition

e Hive Partitioning dividing the large amount of data into number pieces of folders based on table columns value.
e Hive Partition is often used for distributing load horizontally, this has performance benefit, and helps in
organizing data in a logical fashion.
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If you want to use Partition in hive then you should use PARTITIONED BY (COL1,COL2...etc) command while
hive table creation.

e We can perform partition on any number of columns in a table by using hive partition concept.
e We can perform Hive Partitioning concept on Hive Tables like Managed tables or External tables
e Partitioning is works better when the cardinality of the partitioning field is not too high .

Supposes if we perform partition on Date column then new partition directories created for every date this very
burden to name node metadata.

Partitioning works best when the cardinality of the partitioning field is not too high.Assume that you are
storing information of people in entire world spread across 196+ countries spanning around 500 crores of entries. If
you want to query people from a particular country (Vatican city), in absence of partitioning, you have to scan all 500
crores of entries even to fetch thousand entries of a country. If you partition the table based on country, you can fine
tune querying process by just checking the data for only one country partition. Hive partition creates a separate
directory for a column(s) value.

4. Advantages with Hive Partition

e Distribute execution load horizontally

o Faster execution of queries in case of partition with low volume of data. e.g. Get the population from
“Vatican city” returns very fast instead of searching entire population of world.

e No need to search entire table columns for a single record.

5. Disadvantages with Hive Partition
1. There is a possibility for creating too many folders in HDFS that is extra burden for Namenode metadata.

Effective for low volume data for a given partition. But some queries like group by on high volume of data still
take long time to execute. e.g. Grouping of population of China will take long time compared to grouping of
population in Vatican city. Partition is not solving responsiveness problem in case of data skewing towards a
particular partition value.

2. So there is no guarantee for query optimization for all the times.

6. Scope of the research

The main scope for the research is to attain the maximum performance for extracting/mining the data from the
hadoop/bin-data, on the minimum response time by considering into the usage of data pumping in and out of the
hadoop/big-data on the Enterprise/Organization requirements.

As data being stored increases new and latest ideologies & techniques are to be identified which will be a
highway for the users who’s accessing [read/write] for future or later use.

On the same context huge queues of queries will be flooding, and on the respective query small/medium/large
data chunks need to be processed and should be displayed instantly which will be a challenge to the data
representatives.

For the above mentioned challenges we propose Hive Bucketing

7. Hive Bucketing

e Hive bucketing is responsible for dividing the data into number of equal parts

If you want to use bucketing in hive then you should use CLUSTERED BY (Col) command while creating a
table in Hive

We can perform Hive bucketing concept on Hive Managed tables or External tables

We can perform Hive bucketing optimization only on one column only not more than one.

The value of this column will be hashed by a user-defined number into buckets.

bucketing works well when the field has high cardinality and data is evenly distributed among buckets

If you want to perform queries on Date or Timestamp or other columns which are having high records fields at that
time Hive bucketing concept is perfectible.

e We can assign number of number buckets while creating the table.
o Bucketing also very useful in doing efficient map-side joins etc.
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Clustering aka bucketing on the other hand will result with a fixed number of files, since you do specify the
number of buckets. What hive will do is to take the field, calculate a hash and assign a record to that bucket.
But what happens if you use let’s say 256 buckets and the field you’re bucketing on has a low cardinality (for

instance, it’s a US state, so can be only 50 different values) ? You’ll have 50 buckets with data, and 206 buckets with
no data.

8. Advantages with Hive Bucketing

1. Due to equal volumes of data in each partition, joins at Map side will be quicker.
2. Faster query response like partitioning
3. Optimized Hive tables and access to the table data

9. Disadvantages with Hive Bucketing

1. You can define number of buckets during table creation but loading of equal volume of data has to be done
manually by programmers.

10. CONCLUSION:

This Paper concludes the importance of Hive and Hadoop in Bigdata. Hadoop is Batch oriented system and
higher latency due to overhead of Map reduce. Hive is most suited for data ware housing applications, itfast response
times are not required and when data is not changing rapidly.
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Abstract: Nanocrystalline samples of NiCrxFe;xO, (Where X = 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) were synthesized
by Citrate-Gel auto combustion method and sintered at 700°C for 4 hours. The prepared samples were
characterized by X-ray diffraction (XRD) and FT-IR. XRD pattern confirmed cubic spinel structure in single
phase and crystallite size was in the range 8 -11nm. The lattice parameter and X-ray density were calculated.
FTIR spectra confirm two absorption bands which represent the tetrahedral and octahedral sites. Thermoelectric
power was studied from room temperature to well beyond the transition temperature by the differential method.
The Seebeck coefficient value illustrates the prepared samples are behave n-type semiconductors at lower
temperature and at higher temperature behave as p-type semiconductors. An attempt is made to explain the
conduction mechanism in these ferrites.

Key Words: Ni-Cr nano ferrites, Citrate-Gel auto combustion method, XRD, FTIR, Thermoelectric power
\_ _J

1. INTRODUCTION

Nano spinel ferrites illustrate special electric and magnetic properties which are quite different from the bulk
ferrite materials. The electrical and magnetic properties of nano ferrites include high electrical resistivity, moderate
saturation magnetization and high coercivity, these properties make it suitable for high density recording media,
magnetic fluids, sensors and biomedical drug delivery [1].

Ferrites are low mobility semiconductors, the description of the conduction mechanism in semiconductors is
demonstrated by thermoelectric power studies and Hall Effect. Analyses of Hall Effect results are make known more
straight forwarding specific results. On the other hand, in the case of mobility semiconductors like ferrites, it is
sometimes not easy to measure the Hall Effect, in such cases thermoelectric measurements study is the only
alternative. The thermo e.m.f measurement gives essential information about the type of conduction in semiconductor,
i.e., whether they are n-type or p-type semiconducting nature.

Among the various ferrites, nickel ferrite a typical inverse spinel ferrite has been generally used in electronic
devices due to their remarkably high electrical resistivity, mechanical hardness, chemical stability and low cost value
[2]. Divalent or trivalent substituted nickel nano ferrite has interested because of its considerable modifies the
structural and electrical transport properties, hence they have been used in various fields and many electronic devices
such as high density storage devices, batteries [3, 4].

The structural properties and thermoelectric behavior of prepared compositions are effectively influenced by
the method of preparation, sintering temperature and with the dopent ions [5]. Among the various chemical
preparation techniques citrate gel auto combustion method is a simple process, speeds up the synthesis and offers a
significant saving in time, energy consumption over traditional methods.

From the literature study no information is available on thermoelectric behavior of chromium substituted
nickel nano ferrites. Hence, to understand the conduction mechanism in mixed Ni-Cr nano ferrites, thermoelectric
power as a function of temperature and composition were undertaken. Therefore the author communicating the
structural and electrical transport properties of mixed Ni-Cr nano ferrites synthesis by citrate gel auto combustion
method.
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2. EXPERIMENTAL PROCEDURE

The mixed Ni-Cr nano ferrite system having the compositional formula NiCrxFe, xO, (Where X=0.1, 0.3, 0.5,
0.7, 0.9 and 1.0) were synthesized by citrate-gel auto combustion method. Analytical grade raw materials (Nickel
Nitrate (Ni(No3),6H,0), Chromium Nitrate (Cr(NO3),3H,0), Ferric Nitrate (Fe(NO3),9H,0), Citric Acid-Citrate
(C¢HgO;H,0) and Ammonia (NH;)) were used to prepare the samples of the Ni-Cr nano ferrite system. The required
quantities of metal nitrates are weighed according to the stoichiometry proportion and they were dissolved in
minimum amount of distilled water to get clear homogeneous solution. Citric acid is used as a fuel because it has
better character ability, the metal nitrate to citric acid ratio was maintained as 1:3 for all the samples and ammonia
(NH3) solution added to obtained nitrate-citrate solution to maintain P" value at 7. The mixed solution is heated by
continuous stirring upto 100°C for 10-12 hours then water is evaporated and viscous gel is formed. By continuous
heating a dry gel it generates in internal combustion and forms a powder sample with brown colour. Collect the
desired powder sample and it is calcinations at 700° C for four hours in muffle furnace. Finally the powder samples
are grounded with agate motor to get fine powder ferrite samples.

The structure analysis and phase identification of the sintered samples were performed by X-Ray
Diffractometer Bruker D8 advanced system through diffracted monochromatic beam with Cu k, radiation of
wavelength (X=1.5405A) in between the Bragg’s angles 10° to 80° in the steps of 0.04°sec. The crystalline size was

calculated with using the Debye-Scherrer formula [6].
0.912

B cosO
Where A the wavelength of used X-ray beam, B is the full width half Maximum (FWHM)

The crystallite size Dy, =—>-———— — — eql

lattice parametera =d * VhZ + kK2 +12 — — — — — — — eq 2

The X-ray density calculated with using the relation [7]

nM gr

X —-raydensitydy, = ————-—————— — eq3

a3N cm3
Where n is the number of molecules in a unit cell of spinel lattice (n=8), M is molecular weight of the sample and
N is the Avogadro number (6.022140857x10% mol ")

The absorption spectra of prepared Ni-Cr nano ferrite powders were recorded at room temperature by Fourier
Transform Infrared Spectroscopy (Spectrum 100, Perkin Elmer, USA) in the range of 400-4000cm™ with a resolution
of lem™ using KBr pellet method.

Silver past was applied on either sides of the pellet for having good ohmic contact to measuring the transport
properties including thermoelectric power from room temperature to well behind transition temperature.

Differential technique was employed to measure the thermoelectric power (Seebeck coefficient) with the
following relation [8].

s=AE 4
AT €q

Where AE is the thermo emf and AT is the temperature difference between the two surfaces of the pellet

3. RESULTS AND DISCUSSION
3.1. Structural characterization
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Figure 1: XRD pattern of mixed Ni-Cr Figure 2 : Variation of lattice parameter nano
ferrite system with Cr concentration
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Table — 1: XRD pattern, FTIR pattern analysis and Seebeck coefficient of
Ni-Cr nano ferrite system

SL Composition | Crystallit lattice X-ray absorption band Seebeck
No. e size parameter | density Vi v, e:f e.c ¢
mm) | @A) | (grec) | (em?) | (em?) o (VTR
S) (0V/K)
1 NiCry Fe; 004 8.96 8.356 5.33 599.96 485.35 22120
2 NiCrysFe; 7 04 10.36 8.342 5.33 607.03 477.05 1750
3 NiCrysFe;5.04 7.95 8.329 5.34 602.45 479.69 -1250
4 NiCry;Fe; 304 8.55 8.316 5.35 591.43 481.11 -1090
5 NiCryoFe; ;04 8.84 8.301 5.36 594.86 492.42 -670
6 NiCrFe,04 9.26 8.293 5.37 597.13 472.62 2240

Figure 1 shows the X-ray diffraction pattern of mixed Ni-Cr nano ferrite system. It shows the crystalline
phases were identified with standard reference data PDF# 862267 for Nickel ferrites (NiFe,O,) from the international
centre for diffraction data (ICDD). It was observed that XRD pattern can be well indexed with peaks corresponding to
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cubic spinel structure such as (111),(220),(311),(400),(511),(440)and (5 3 3) the strongest reflection comes
from (311) plane that indicates spinel phase and all the samples show cubic spinel structure in single phase without
showing any other impurity phases [9].

The calculated crystallite size values are reported in table 1. From the table the average crystallite size was in
the range 8.5-10.5 nm. Best of my knowledge the small size mixed Ni-Cr nano ferrites samples are possible only with
the citrate-gel auto combustion method no other method has resulted the such a small size nano ferrites. By this
method prepared ferrite samples phase can produce very fast at low temperature but conventional methods need to
high temperatures and prolonged heating time [10].

The calculated lattice parameter values are reported in table 1 as evident in figure 2. It shows the lattice
parameter decreases with increasing the Cr concentration in Ni nano ferrites, it may be due to the ionic radii
difference between Fe™ and Cr’* i.e. the large ionic radii of Fe®™ (0.645 A) is replaced by low ionic radius Cr**
(0.6151&) in octahedral sites [11], that means mixed Ni-Cr nano ferrite system obeys Vegard’s law [12]. Decrease in
lattice parameter, which may be attributed to shifting on some Fe* ions form A site to B site for higher composition.
A similar behavior of lattice parameter with Cr concentration was observed by several researchers in various ferrite
systems [13-14].

Measured X-ray density values are reported in table 1 as evident in figure 3. It shows that the X-ray density
increases with increasing the Cr concentration in Ni nano ferrite system, which means it shows the densification of the
material. The X-ray density is to dependent on the lattice parameter and molecular weight of the sample, so the Cr*
concentration increase the lattice parameter decreases hence the X-ray density increases. It may be due to greater
atomic weight of Fe (55.847 gm/mole) compare with atomic weight of Cr (51.996 gm/mole).

The FTIR spectra of the mixed NiCrxFe, xO4 nano ferrite system (Where X=0.1, 0.3, 0.5, 0.7 and 1.0) were
recorded in the range of 400 — 4000 cm™ at room temperature shown in the figure 4. It shows the two prominent
absorption bands v, and v, corresponding to the stretching vibration of the tetrahedral (A-site) and octahedral (B-site)
around 600 cm™ and 400 cm™ respectively. These absorption bands represent the spinel ferrites in single phase [15]
and the absorption band results are reported in table 1. It is clear that the vibrational spectra of ferrites characteristic
the high frequency band (v;) lies in the range of 591to 607 cm™ corresponds to Fe™-O vibrations in tetrahedral (A
site) and low frequency band (v,) lies in the range 472 to 492 cm™ corresponds to M*-O~ vibrations in octahedral
sites (B site) [16]. The difference between A site and B site is due to the change in bond length of Fe*-O7 at the
octahedral and tetrahedral sites [17]. The bands around 3400cm™, 2400 cm™ and 1600cm™ are the contribution of the
stretching vibration of free and absorbed water, indicated the removal of the -OH, -CO and -NO groups. Similar trend
have been observed by several researchers for the Cr substitution nano ferrite systems [18-19].

3.3. Thermo electric power

Seebeck coefficient of Ni-Cr nano ferrites are measured at room temperature and reported in table 2. It
observed that the seebeck coefficient decrease from -2120uV/K to -240uV/K as increase of Cr concentration in Ni
ferrite as evident in figure 5. It explained as motion of charges becomes slow due to resistivity of the material
increases. Hence thermo emf developed across the sample was low. So thermo emf is decreases then the seebeck
coefficient also decreases. Similar trend was reported by M. Anis-ur- Rehman in the case of Co-Cr [20].

Temperature dependent Seebeck coefficient for all the prepared samples are shown in  figure 6. It observed
that at low temperature the sign of Seebeck coefficient was positive, means hole-type carriers are dominated the
thermoelectric transport. Hence they behave like p-type semiconductors. By increasing the temperature, Seebeck
coefficient increases and at higher temperature the sign of Seebeck coefficient attained negative, means electron-type
carriers are dominated the thermoelectric transport. Hence they behave like n-type semiconductors [21, 22]. The
conduction mechanism in the investigated ferrite system is an electron exchange mechanism between Fe** and Fe®*
[23].

Fe''+e ¢ Fe™

4. CONCLUSION

Citrate Gel Auto Combustion technique is a convenient for obtaining a homogeneous nano sized mixed
ferrites. X-ray diffraction pattern confirms the formation of cubic spinel structure in single phase with crystalline size
in the range of 8 to 11 nm. The Lattice parameter increase with increases Cr concentration, which indicate that the
mixed Ni-Cr nano ferrite system obey the Vegard’s law. The FTIR spectra illustrates the two absorption bands, which
are corresponds the tetrahedral and octahedral sites. The Seebeck coefficient variation wih composition indicating
semiconducting nature of the prepared ferrite samples. Temperature dependent Seebeck coefficient is observed that at
low temperature they behave like p-type semiconductors and at higher temperature they behave like n-type
semiconductors
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