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Journal of Molecular Liquids
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Molecular interaction studies of antibiotic drug
Doxycycline Hyclate with aqueous mannitol
using volumetric and acoustic methods

Shashi Kant Sharma 2, &=, Yikas Nathan, Dinesh Kumar, Kamal Kishore
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Highlights

= Molecular interactions between Doxycycline Hyclate and mannitol are
studied.

The volumetric and acoustic methods are used to interpret results.
Temperature variation of parameters studied
Solute-solvent interactions are present.

Doxycycline Hyclate behaves as a structure maker in water-mannitol system.

Abstract

The behaviour of Doxycycline Hyclate (DH) in agqueous mannitol solution was studied to

explore molecular interactions at different temperatures. The volumetric and acoustic

studies were used for investigating the interactions of drug Doxycycline Hyclate in water
and aqueous mannitol system. The Density (p) and ultrasonic velocity (u) of Doxycycline

Hyclate in water and in (0.1, 0.2 and 0.4) mol-kg~! agueous solutions of mannitol have
been measured at (305.15, 310.15 and 315.15K) temperatures and atmospheric pressure.
The density data was analysed with the help of Masson's equation. The positive value of
(®,”) for DH indicates solute-solvent interactions The solute-solute interactions were
determined from Masson's coefficient, (5,) in water-mannitol system at different
temperatures. The ultrasonic velocity data of DH in water and water-mannitol system
were used to determine adiabatic compressibility (), intermolecular free length (Lf), and

specific acoustic impedance (Z). The structure making/breaking behaviour of DH in water
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Molecular interaction studies of L-alanine and
L-phenylalanine in water and in aqueous citric
acid at different temperatures using
volumetric, viscosity and ultrasonic methods

Dinesh Kumar, Shashi Kant Lomesh 2 &, Vikas Mathan
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Highlights

= Molecular interactions between L-alanineiL-phenylalanine and aqueous citric
acid are studied.

Temperature variation of partial molar volume, Jone-Dole's coefficient B,
adiabatic compressibility are studied.

Solute-solvent interactions predominate over solute-solute interactions.

L-Alanine behawves as structure breaker whereas L-phenylalanine behaves as a
structure maker in water-citric acid system.

Abstract

Densities, ultrasonic speeds and viscosities of L-alanine and -phenylalanine in water and
in 0.1 mol-kg~! aqueous citric acid solutions were measured over the temperature range
(298.15 to 313.15)K with interval of 5K at atmospheric pressure. From these experimental
data apparent molar volume, limiting apparent molar volume and the slope, partial
molar expansibilities, adiabatic compressibility, transfer volume, Falkenhagen coefficient,
Jone-Dole's coefficient, the temperature derivative of Jone-Dole's coefficient,

intermolecular free length, specific acoustic impedance, and molar compressibility were
calculated. The results are interpreted in terms of solute — solute and solute-solvent
interactions in these systems. It has also been observed that L-alanine acts as a structure
breaker whereas L-phenylalanine acts as a structure maker in aqueous citric acid.
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Physicochemical approach to study the solute-
solute and solute-solvent interactions of drug
Levofloxacin hemihydrate in aqueous sorbitol
solutions at different temperatures:
Volumetric, acoustic and conductance studies

Shashi Kant Lomesh 2, &, Madhu Bala, Vikas Nathan
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Highlights

- Different possible interactions between LFH in water and aqueous sorbitol
systems are studied.

The various possible interactions are interpreted using volumetric, acoustic
and conductance studies.

Solute-solvent interactions predominate over solute-solute interactions.

All these studies confirmed the structure maker behaviour of LFH in water
and water-sorbitol system.

Abstract

The interactions of third generation fluoroquinolone antibiotic drug Levofloxacin
hemihydrate (LFH) with the naturally occurring polyol i.e. sorbitol as a function of

temperature have been investigated by volumetric, acoustic and conductance methods.
Densities, speeds of sound and conductance values of LFH (0.001-0.01 mol-kg~!) in water
and aqueous sorbitol (0.002, 0.004 and 0.006 mol-kg~ ') have been measured at different
temperatures (300,15, 205.15, 210.15 and 215.15K). The experimental density data was
used to calculate apparent molar volume (&), limiting apparent molar volume ($.,%),
Masson's coefficient (Sy), partial molar expansibilities E-:I:-E‘D:l. transfer volume Aqn2y" and
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Volumetric and acoustic methods for investigating molecular
interactions of antibiotic drug doxycycline hyclate in water and in

ek Tor
upsiainm

aqueous solution of sodium chloride and potassium chloride at different

temperatures (293.15-313.15) K

Shashi Kant Lomesh, Vikas Nathan *, Madhu Bala, Poonam Thakur

Himachal Prodesh University, SummerHill Shimba 171005, India

ARTICLE INFO ABSTRACT

Article history:

Received 17 October 20018

Received in revised form 21 March 2019
Accepted 2 April 2019

Available online 5 April 20019

The solution properties of antibiotic drug Doxyeycline Hyclate [DH ) were investigated to explore molecular
interactions with agueous MaCl and KCl solutions around their physiological cell concentrations at different tem-
peratures. Apparent molar properties i.e. apparent molar volume (4] and apparent molar isentropic compres-
sion (i) for DH within the concentration range (0.0020-0.0140) mol-kg ' in water and in {0,005, 0.012 and
0.140) mol-kg " agueous Nacl and KO solutions were calculated from experimentally measured densities (p)
and Ultrasonic speed (u) values at T = (293,15, 298.15, 303.15, 308.15 and 313.15) K temperatures and at PP =
0.1 MPa pressure. The data of apparent molar properties were utilised to obtain various derived parameters
such as limiting apparent molar volume, (%), limiting apparent molar isentropic compression, (9%, limiting ap-
parent molar volume of transfer, Ad4, limiting apparent maolar isentropic compression of transfer, A, limiting

apparent molar expansibility, &£ and thermal expansion coefficient, e The structure making breaking ability of
DH in aqueous NaCl and KO were determined on the basis of Hepler's Equation i.e. on the basis of sign uFl%f—,‘,..
The results obtained from all these thermodynamic parameters were discussed in terms of solute-solute and

solute-solvent interactions in these systems. The volumetric, compressibility and acoustic data suggests the exis-

Keywords:

Dosycycline hyclate

Apparent molar volume

Apparent molar iseniropic compression
Transfer properties

Acoustic properties

Muolecular interactions

tence of strang solute-solvent interactions in the studied systems.

1D 2019 Published by Elsevier BV.

1. Introduction

Drug as defined in pharmacology, a chemical substance used in the
treatment, cure, prevention or diagnosis of disease or used to otherwise
enhance physical or mental well-being [1,2]. Physicochemical proper-
ties of drugs are important to understand the drug action at the molec-
ular level [3,4]. The hinding tendencies of biologically important
molecules in the presence of various solvents can be interpreted by
studying their physiochemical properties [4-6]. Interaction of drugs
with physiologically important molecules in the living organism Le. in
blood, membranes, intra-and extra-cellular fluids are of utmost signifi-
cance to understand the pharmacodynamics and pharmacokinetics of
drugs [7,8]. These interactions may include ionic, covalent, charge trans-
fer, hydrogen bonding, ion-dipole interactions, or hydrophobic hydra-
tion [9,10]. Several thermodynamic and physiochemical measurements
for drugs in aqueous solutions and in liquid mixtures have been carried

* Comresponding author.
E-muil address: vikasnathan2@gmail.oom (V. Mathan ).

hitps:,//doi.org 1 00100 6. rool lig 2500 9.0 006
0167-T322/@ 2019 Published by Elsevier BV,

out to understand the nature of molecular interactions existing in these
systems [11,12]. The study of agueous phase chemistry of drugs in the
presence of biologically important molecules including proteins, amino
acids, peptides, electrolytes, carbohydrates, metal ions, colloidal micelles
[13] and bionanomaterials as drug delivery tools | 14] etc. by thermody-
namic and volumetric methods constitute an important topic of research
due to their impartant function in the fields related to biology, medicine,
target drug delivery, cosmetics etc. [15].

The Tetracyclines referred to as broad-spectrum antibiotics, due to
their ability to fight many different types of bacteria (Gram-positive
and Gram-negative bacteria), made up of four fused rings are one of
the most important class of drugs, as they are not only used as antibiotic
agents but also have novel multiple therapeutic potential [16,17]. DH,
(see Fig. 1(a) and (b)) a non Newtonian, synthetic broad spectrum an-
tibiotic used for the treatment of many bacteral infections, such as uri-
nary tract infections, acne, gonorrhoea, Anthrax, Lyme disease, Plague,
P. falciparum (malaria) and periodontitis is an active tetracycline class
medicament that shows powerful effect against infections caused by
several micro-organisms groups such as Haemophilus ducreyi, Yersinia
pestis, Legionella, Chlamydia, Mycoplasma and Borrelia [18,19].
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Influence of Ho—Ni-Mn substitution on the structural and magnetic
behavior of Ba-Sr Co,Z-type nanohexaferrites extension
up to Mossbauer investigations

Kirti Singha' - Virender Pratap Singh’2. Monika Chandel' - Nain Jeet Singh Negi® - Susheel Kalia® - R. K. Kotnala®

Received: 2 August 2019 / Accepted: 23 October 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

A series of CozZ-type Ba-5r nanohexaferrites Ba, ;5r) sCo,__Ho Mn Ni Fe,, . O, (z=0.0, 0.05, 0.10, 0.15, 0.20,
x=y=0.0,0.25, 0.5, 0.75, 1.00) have been synthesized using sol-gel auto-combustion synthesis route. The effect of Ho-
Ni~Mn substitutions on crystallographic and magnetic properties of synthesized nanohexaferrites was investigated using
XRD, V5M, and Missbauer spectroscopy. Microstructural analysis showed single-phase crystal structures without any
impurities and hexagonal with the space group P63/mme. The average variation in crystallite size ranges from 43 to 60 nm
with a slight increase in X-ray density and appreciable decrease in porosity was observed for different dopants. FE-SEM
{(MNova Nano SEM-450) substantiates the hexagonal structure and HR-TEM images assisted with SAED pattern confirm the
crystalline quality and FWHM of the material, which significantly support the XRD results. FTIR spectra showed two char-
acteristic metal stretching peaks in the range of 400-600 cm ™' due to the substimtion of Ho-Ni-Mn. Magnetic measurements
show maximum magnetic saturation (M,) at 44.04 emu g~" and elevated value of coercivity (H.) 2240, imparting typical
characteristics of soft ferrite with high coercivity. Massbauer analysis with least squares fit sextets of six distinguishable
sites at room temperature for all samples substantially supports the results of VSM. The materials with large coercivity are
useful in permanent magnet applications. The prepared composites could be useful for applications in microwave absorbing

materials, magnetic storage, and the miniaturization of antennas for wireless communication devices.

1 Introduction

Hexaferrites are magnetic iron oxides possessing hexagonal
structure. The magnetic behavior of these materials is con-
siderably related to their crystal structures and is ferrimag-
netic. Magnetocrystalline anisotropy (MCA) is one of the
important characteristics of these materials initiated from

= Wirender Pratap Singh
kunwar.\-'ir:ndn:ré'!"gmail.cnm

& Sushecl Kalia
susheel kalia @ gmail com
School of Physics, Shoolini University. Bajhol, Solan, India
Government Degree College, Madaun, Hamirpur, HP, India

Department of Physics, Himachal Pradesh University,
Shimla, India

Department of Chemistry, ACC Wing, Indian Military
Academy, Dehradun, Uttarakhand, India

CSIR-MNational Physical Laboratory, Dr. K.5. Krnshnan Road,
Pusa, Mew Delhi, India

Published onling: D8 November 2019

Page 13

the induced magnetization and has a preferred orientation
inside the crystal structure. The Z-type ferrites belong to the
families of hexagonal ferrites, generally denoted as Co.Z and
have chemical composition Ba;Me,Fe,,0,,, where Me is a
divalent transition metal ion. These ferrites have planar mag-
netic anisotropy even at room temperature and a much higher
magnetic storage capacity than spinel ferrites in the high-
frequency region {(over 1 GHz). Therefore, the utilization of
Ba,Co,Z ferrite to produce microwave frequency devices
has been reported such as inductors, isolators, and commu-
nication devices in the high-frequency region [1]. Z-type
hexaferrites are interesting materials for more exciting appli-
cations, because of their dynamic structural and magnetic
properties, besides their scope as magnetic recording, data
storage materials, and high-frequency applications. Several
research studies have been reported to improve the magnetic
properties of Ba hexaferrite by substituting the various ions
such as Zn**, Ni**, La**, and Al** in Co™ and Fe'* in the
crystal structure of hexaferrite [2-4]. Moreover, elemental
doping is an efficient way to modify the magnetocrystalline
structures of Co,Z-type hexaferrites and therefore changes

@ Springer
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and mdssbauer spectral properties of sol-gel synthesized BaM hexagonal S’
ferrite based nanomaterials

Rohit Jasrotia®®, Virender Pratap Singh™“*, Rajesh Kumar™", Kirti Singha”, Monika Chandel®,
Mahavir Singh"
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ARTICLE INFO ABSTRACT

Precise studies of cadmium and indium doped barum hexagonal ferrites having chemical composition
Bay ;Ndy 1Cd, oln, o Fey 0045 (x = 000,001, 0.2, 0.3) have been performed by sol-gel auto-combies ion method in
which ethylene glycol was used as a gel precursor. The structural, morphological, optical, elemental and mag-
netic properties have been studied by using various techniques like XRD, FESEM, FTIR, EDS and VSM. The XRD
patterns shows characteristic (110), (008), (107), (114), (108], (203), (205), (206), (1011}, (300), (217), (2011},
(220, (2014) peaks along with the presence of second ary phase confirming the formation of hexagonal structure
with an average crystallite size of 43-5% nm. FESEM supports the formation of hexagonal, dense and agglom-
erated nanoparticles. The Vibronic study using infrared radiation was carried by FTIR analysis reveal the various
configuration modes with hexagonal symmetry of prepared nanoparticles. The magnetic measurements have
been studied at room temperatire indicates that saturation magnetization (M,) and magnetic moment (ng) found
to be of range 40-86 emu/g and 7.97-17.23 pp. The precise magnetic studies made it possible to reveal that

Keywords:

Barium neodymium nanoparticles
Sal-gel

Structural and optical analyss
Magnetic measurements
Miizshaver spectra

saturation magnetization (M) increases with the cadmium and indium concentration for x = 0.1 and after that it
decreases for x = 0.2, 0.3 which may be due to the difference in the magnetic moments of Cd, In and Fe ions.
Due to high value of saturation magnetization (M), it can be used for applications in the field of high density
recording storage devices and also, this magnetic change has been explained on the basis of exchange interac-
tions, The room tem perature Mossbaver spectra of all the nano-sized materials shows normal Zeeman splitting
consisting of six merged line patterns which indicates the formation of ferromagnetic phase that supports the
magnetic properties,

Introduction

An iron ore based on iron (HI) oxide known as magnetite (Fex0a),
called ferrites with combination of divalent cation Me having compo-
sition MeFe-0,. Each synthesized sample has its own advantages and
disadvantage on the basis of vardous parameters related to different
properties of prepared samples [1]. The optimum parameters like
crystalline size, grain size, configurmation modes, resistivity, dielectric
constant, dielectric loss, magnetic loss factor, saturation magnetization,
coercivity, remanent magnetization, magnetic moment etc. will depend
upon the sintering temperature [2], type of dopants and preparation
technique [3] for synthesizing samples. The ferrites are classified into

two categories on the basis of chemistry of magnetism as hard and soft
ferrites. On the basis of their structure, ferrites are classified into four
categories as spinel, gamet, ortho and hexagonal. The compounds with
hexagonal crystal structure are called hexagonal ferrites or hexaferrites.
Hexagonal ferrites gain much attention due to its various applications
as many tonnes of magnetic materials are produced by using these
hexaferrites world widely [4]. All hexaferrites are ferimagnetic in
nature and due to induced magnetization within the crystal structure;
they hawe preferred orientation, which divide them into two groups:
First is known as uniaxial hexaferrites having an easy axis of magne-
tization and second is known as ferroxplana or hexaplana ferrites
having an easy plane or cone of magnetization. The hexagonal ferrites

* Corresponding author at: School of Physics & Materials Science, Shoolini University, Solan, India.

E-mail address: kunwar. virender@ gmail .com (V. Pratap Singh).

https://dolorg/10.1016/j.rinp. 2019.01.088

Received 16 December 2018; Received in revised form 30 January 2019; Accepted 30 January 2019

Available online 04 February 2019

2211-3797/ & 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons. org/licenses /BY-NC-ND/4.00).
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A review on structural, electrical and magnetic properties of Y-tyvpe

hexaferrites svnthesized by different techniques for antenna

applications and microwave absorbing characteristic materials

Monika Chandel', Virender Pratap Singh1=3‘*, Rohit Jasrotia™*, Kirti Singlml and Rajesh
Kumar'

! School of Physics, Shoolini University, Bajhol, Solan, HP.. India
! Govt. Degree College, Nadaun (Hamirpur) HP. India

* Correspondence: Email: rohitsinghjasrotiad444@email com, kunwar virender@gmail com;
Tel: +9109625233301.

Abstract: In the present review paper. we have explained the structure of Y-tvpe hexagonal ferrite
and various synthesis techniques. This paper also includes structural, electnical, magnefic properties
and applications of Y-type hexaferrites and focusses on their use in antenna applications and
microwave absorbing characteristic materials. Ferromagnetic nature of hexaferrites cause the
induction of magnefisation within the crystal structure, which divide them info two groups: First with
easv axis of magnefisation is known as umiaxial hexaferrites and second 15 known as ferroxplana
having easy plane of magnetisation. The excellent magnetic properties of Y-type ferrites make them
useful in the dewvices operating at high frequency range. The persistence of high refractive index
upto 1 GHz enables these hexagonal ferrites vseful in UHF antenna designs with small dimensions.

The doping in Y-type hexaferrites affect all the properties. Current developments in Y-tvpe
hexaferrites will be explained in detail in the review of literature related to Y-type hexaferrites for
the last 25 years, 1.e. from 1994 to 2019 in this review paper.

Kevwords: Y-type hexaferrite; structural properties; applications of ferrites; microwave absorbing
properties and antenna applications

Abbreviations: - relative permeabilify (p = magnetic permeability); £ relative permittivity, p:
density. in g-em™: B: applied magnetic field (flux density). in SI units of T; dB: decibel a
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Abstract

A series of CozZ-type Ba-5r nanohexaferrites Ba, ;5r) sCo,__Ho Mn Ni Fe,, . O, (z=0.0, 0.05, 0.10, 0.15, 0.20,
x=y=0.0,0.25, 0.5, 0.75, 1.00) have been synthesized using sol-gel auto-combustion synthesis route. The effect of Ho-
Ni~Mn substitutions on crystallographic and magnetic properties of synthesized nanohexaferrites was investigated using
XRD, V5M, and Missbauer spectroscopy. Microstructural analysis showed single-phase crystal structures without any
impurities and hexagonal with the space group P63/mme. The average variation in crystallite size ranges from 43 to 60 nm
with a slight increase in X-ray density and appreciable decrease in porosity was observed for different dopants. FE-SEM
{(MNova Nano SEM-450) substantiates the hexagonal structure and HR-TEM images assisted with SAED pattern confirm the
crystalline quality and FWHM of the material, which significantly support the XRD results. FTIR spectra showed two char-
acteristic metal stretching peaks in the range of 400-600 cm ™' due to the substimtion of Ho-Ni-Mn. Magnetic measurements
show maximum magnetic saturation (M,) at 44.04 emu g~" and elevated value of coercivity (H.) 2240, imparting typical
characteristics of soft ferrite with high coercivity. Massbauer analysis with least squares fit sextets of six distinguishable
sites at room temperature for all samples substantially supports the results of VSM. The materials with large coercivity are
useful in permanent magnet applications. The prepared composites could be useful for applications in microwave absorbing

materials, magnetic storage, and the miniaturization of antennas for wireless communication devices.

1 Introduction

Hexaferrites are magnetic iron oxides possessing hexagonal
structure. The magnetic behavior of these materials is con-
siderably related to their crystal structures and is ferrimag-
netic. Magnetocrystalline anisotropy (MCA) is one of the
important characteristics of these materials initiated from
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kunwar.\-'ir:ndn:ré'!"gmail.cnm

& Sushecl Kalia
susheel kalia @ gmail com
School of Physics, Shoolini University. Bajhol, Solan, India
Government Degree College, Madaun, Hamirpur, HP, India

Department of Physics, Himachal Pradesh University,
Shimla, India

Department of Chemistry, ACC Wing, Indian Military
Academy, Dehradun, Uttarakhand, India

CSIR-MNational Physical Laboratory, Dr. K.5. Krnshnan Road,
Pusa, Mew Delhi, India

Published onling: D8 November 2019

Page 16

the induced magnetization and has a preferred orientation
inside the crystal structure. The Z-type ferrites belong to the
families of hexagonal ferrites, generally denoted as Co.Z and
have chemical composition Ba;Me,Fe,,0,,, where Me is a
divalent transition metal ion. These ferrites have planar mag-
netic anisotropy even at room temperature and a much higher
magnetic storage capacity than spinel ferrites in the high-
frequency region {(over 1 GHz). Therefore, the utilization of
Ba,Co,Z ferrite to produce microwave frequency devices
has been reported such as inductors, isolators, and commu-
nication devices in the high-frequency region [1]. Z-type
hexaferrites are interesting materials for more exciting appli-
cations, because of their dynamic structural and magnetic
properties, besides their scope as magnetic recording, data
storage materials, and high-frequency applications. Several
research studies have been reported to improve the magnetic
properties of Ba hexaferrite by substituting the various ions
such as Zn**, Ni**, La**, and Al** in Co™ and Fe'* in the
crystal structure of hexaferrite [2-4]. Moreover, elemental
doping is an efficient way to modify the magnetocrystalline
structures of Co,Z-type hexaferrites and therefore changes

@ Springer
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ARTICLE INFO ABSTRACT

Precise studies of cadmium and indium doped barum hexagonal ferrites having chemical composition
Bay ;Ndy 1Cd, oln, o Fey 0045 (x = 000,001, 0.2, 0.3) have been performed by sol-gel auto-combies ion method in
which ethylene glycol was used as a gel precursor. The structural, morphological, optical, elemental and mag-
netic properties have been studied by using various techniques like XRD, FESEM, FTIR, EDS and VSM. The XRD
patterns shows characteristic (110), (008), (107), (114), (108], (203), (205), (206), (1011}, (300), (217), (2011},
(220, (2014) peaks along with the presence of second ary phase confirming the formation of hexagonal structure
with an average crystallite size of 43-5% nm. FESEM supports the formation of hexagonal, dense and agglom-
erated nanoparticles. The Vibronic study using infrared radiation was carried by FTIR analysis reveal the various
configuration modes with hexagonal symmetry of prepared nanoparticles. The magnetic measurements have
been studied at room temperatire indicates that saturation magnetization (M,) and magnetic moment (ng) found
to be of range 40-86 emu/g and 7.97-17.23 pp. The precise magnetic studies made it possible to reveal that

Keywords:

Barium neodymium nanoparticles
Sal-gel

Structural and optical analyss
Magnetic measurements
Miizshaver spectra

saturation magnetization (M) increases with the cadmivm and indium concentration for x = 0.1 and after that it
decreases for x = 0.2, 0.3 which may be due to the differénce in the magnetic moments of Cd, In and Fe jons.
Due to high value of saturation magnetization (M), it can be used for applications in the field of high density
recording storage devices and also, this magnetic change has been explained on the basis of exchange interac-
tions. The room tem perature Missbaver spectra of all the nano-sized materials shows normal Zeeman splitting
consisting of six merged line patterns which indicates the formation of ferromagnetic phase that supports the
magnetic propéerties.

Introduction

An iron ore based on iron (1) oxide known as magnetite (FeyOal,
called ferrites with combination of divalent cation Me having compo-
sition MeFey0,. Each synthesized sample has its own advantages and
disadvantage on the basis of vardous parameters related to different
properties of prepared samples [1]. The optimum parmameters like
crystalline size, grain size, configuration modes, resistivity, dielectric
constant, dielectric loss, magnetic loss factor, saturation magnetization,
coercivity, remanent magnetization, magnetic moment etc. will depend
upon the sintering temperature [2], type of dopants and preparation
technique [3] for synthesizing samples. The ferrites are classified into

rwo categories on the basis of chemistry of magnetism as hard and soft
ferrites. On the basis of their structure, ferrites are classified into four
categories as spinel, gamet, ortho and hexagonal. The compounds with
hexagonal crystal structure are called hexagonal ferrites or hexaferrites.
Hexagonal ferrites gain much attention due to its various applications
as many tonnes of magnetic materials are produced by using these
hexaferrites world widely [4]. All hexaferrites are ferrimagnetic in
nature and due to induced magnetization within the erystal structure;
they hawe preferred orientation, which divide them into two groups:
First is known as uniaxial hexaferrites having an easy axis of magne-
tization and second is known as ferroxplana or hexaplana ferrites
having an easy plane or cone of magnetization. The hexagonal ferrites

* Corresponding author at: School of Physics & Materials Science, Shoolini University, Solan, India.
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https://dol.org/10. 1016/ ).rinp. 2019.01.088

Received 16 December 2018; Received in revised form 30 January 2019 Accepted 30 January 2019

Available online 04 February 2019

2211-3797/ @ 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons. org/licenses /BY-NC-ND/4.0+).

Page 17

Centre of Excellence Govt. College Sanjauli -171006




Dr Monika Chandel

ATMS Matenials Science, 7(3): 244268,

DOIL: 10.3934/matersc1 2020.3.244

Beceived: 08 Febrary 2020

Accepted: 14 May 2020

Published: 27 May 2020
hitp:(wrarwaimspress com/journal Materials

Review

A review on structural, electrical and magnetic properties of Y-tyvpe

hexaferrites svnthesized by different techniques for antenna

applications and microwave absorbing characteristic materials
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Abstract: In the present review paper. we have explained the structure of Y-tvpe hexagonal ferrite
and various synthesis techniques. This paper also includes structural, electnical, magnefic properties
and applications of Y-type hexaferrites and focusses on their use in antenna applications and
microwave absorbing characteristic materials. Ferromagnetic nature of hexaferrites cause the
induction of magnefisation within the crystal structure, which divide them info two groups: First with
easv axis of magnefisation is known as umiaxial hexaferrites and second 15 known as ferroxplana
having easy plane of magnetisation. The excellent magnetic properties of Y-type ferrites make them
useful in the dewvices operating at high frequency range. The persistence of high refractive index
upto 1 GHz enables these hexagonal ferrites vseful in UHF antenna designs with small dimensions.

The doping in Y-type hexaferrites affect all the properties. Current developments in Y-tvpe
hexaferrites will be explained in detail in the review of literature related to Y-type hexaferrites for
the last 25 years, 1.e. from 1994 to 2019 in this review paper.

Kevwords: Y-type hexaferrite; structural properties; applications of ferrites; microwave absorbing
properties and antenna applications

Abbreviations: - relative permeabilify (p = magnetic permeability); £ relative permittivity, p:
density. in g-em™: B: applied magnetic field (flux density). in SI units of T; dB: decibel a
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Turbulent Kashmir: Unresolved i1ssue of the
Partition

Poonam Chandel
Department of Political Science
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The 200 year long British rule came to an end on August 15,1947with the Partition of India into two
nations, namely Pakistan and India. It was a violent separation of communities who had hived together for
generations. This tragic divide claimed thousands of lives, displaced millions and left behind it the legacy of
the disputed Kashmir 1ssue, which 1s still unresolved. Because of this dispute the two countries are spending
huge sums of money on arms and this phenomenon has greatly affected the economic development of both
the countries. Insurgency and terrorism fuelled by Pakistan to create instability in the region to pressurize
India for Kashmir’s merger with Pakistan has it roots in the great divide of 1947. In this contest the guest of
the paper would be to find out the factors which led to and widened this devastating divide and to explore
ways and possible solutions to the Kashmir dispute, for lasting peace in the region and better relations
between India and Pakistan.

India and Pakistan have shared a feeling of “mutual distrust™ ever since the partition of India.

Kashmir has been the bedrock i1ssue between both the nations and has been an unresolved boundary dispute.

This distrust was an outcome of the colomal legacy of “divide and rule”. The colonial policy of divide and
rule pitted the Muslims against the Hindus. The policy gave rise, amongst the Muslims, to a sentiment of
“Islam being in danger” in the Hindu dominated Indian society. The growth of Islamic nationalism and
hence the demand for a separate Muslim state was an outcome of this paranoia.'

Since the days of Syed Ahemad Khan | in 1880, a basic theme of the Muslim communities was that
if the British left India , the Hindus, because they were a majority, would dominate the Muslims and totally
override their interests. Even a cultured and liberal person like Jinnah now catered to the worst feelings of
fear and hatred. In his presidential address to the Muslim League in 1938 he said: “The high Command of
the Congress is determined, absolutely determined, to crush all other communities and cultures in this
country and to establish Hindu Raj”.” On the other hand Hindu Communalists did not lag behind. V. D.
Savarkar, the then President of Hindu Mahasabha, went to the extent of saying that the Muslims want to
reduce the Hindus to the position of helots in their own land. *

The idea that India and Pakistan are two separate communities divided by religion took birth with
the aid of the British midwife. For the perpetuation of British rule it was necessary to reduce the influence of
the congress and to create rivals to the Hindu community. The obvious strategy to detract the Hindus was to

show favors to the Muslims. There are numerous instances of this policy from the earlier times. In the

JETIR1811B36 | Journal of Emerging Technologies and Innovative Research (JETIR) www jetir.org | 210
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First Principles Studies of Si Clusters

Pawan Kumar

Centre of Excellence, Govt. Degree College Sanjauli, Shimia.
pawankumarsolan @ gmail.com

Abstract. Clusters are in between atoms and balk master. Usisg Quantum Espresso ab- mitio package we found most stable
stroctures for Si;. Siy, Siys Sigs. S13H 2 SigH ) and SigHy, and visualized the resalting structares using XCRYSDEN. We also
analyzed these structures using symusetry, density of states, valence band widih snd band gap valoes. In case of hydrogenased St
clussers broader valence band and msrower hand gap has been found well 10 comrelases with stabality.

INTRODUCTION

Clusters are the aggregate of atoms or molecules with a well-defined number of constituents ranging from
few 1o several thousands of astoms. They form the intermediate between atoms {or molecules) and the bulk
matter and the study of clusters actually study of the evolution of the physical matter from atoms towards
hulk solids.

Study of clusters can belp us in the potential use them in the technological applications|1-2] Sy of cisser
messhow the clusters are different from atoms and bulk, their behavior changes with size, their geometry and
structure. Further, how variations in their size are related to the electronic. magnetic, optical and chemical
properties. These studies can lead us to tailor their properties to get desired properties.

The bulk crystalline matter is arranged in a periodic form while clusters are much smaller and are usually

just non-periodic aggregates of atoms. Due to these vanations in the properties of clusters and bulk matter
the entire theoretical frumework used to describe the bulk matter is simply not applicable to clusters.

METHODS

The tool which we have wsed in our study is Quantum-Espresso package It is a full ab initio package implementing
electronic structure and energy calculations. Inside this package, PWSCF is the code which & used to perform sotal
energy calculations We have used generalized gradient approximation (GGA) of density functional theory using QE.
Scif-consistent cakculativas are done after supplying atomic posiions  and atoms are moved to decrease system
energy. Thas is repeated till energy convergence is not achieved XCRYSDEN has been used 10 visualize the resahing
Srechres.

RESULT AND DISCUSSIONS
We have studied properties of Si clusters up to n=13. The properties discussed are structure, encrgy, density of states

and energy level diagrams. We have also hydrogenated the resulting cluster of n=13 with hydrogen atoms.
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A Novel Approach for the Removal of Fluoride

from Water Using Active Hydrogels
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ABSTRACT

The principle of geochemical existence of F~ with Fe*” and AI'™ has been used for its removal
from water by using the metal ions loaded active hydrogels. Hydrogel based on the modified
acrylic acid (AAc) has been prepared for use in fluoride removal from aqueous systems. AAc
was reacted with dimethyl amine to obtain N, N-Dimethylacrylamide (DMAAm) that was
subsequently polymerized using ammonium persulphate (APS) as initiator. The resulting poly(N,
N-Dimethylacrylamide) (PDMAAm) was further copolymerized with AAc as the second

component in the presence of N ,N-methylenebisacrylamide (MBAAm) to get a crosslinked

bifunctional hydrogel polyv(N N-DMAAmM-co-AAc) [PIDMAAmM-co-AAc) hydrogel] that has
both amide and acid functional groups. For comparison, reference poly(acrylic acid) (PAAc
hydrogel) was prepared by first polymerizing AAc with APS followed by crosslinking with
MBAAmM using AAc in equal weight, as the second component. The PDMAAmM was
characterized by nitrogen analysis, FTIR and NME; while its hydrogel with AAc and reference
PAAcC hydrogel were characterized by nitrogen analysis, FTIR, SEM, and studying water uptake
behavior, as a function of time, temperature, pH and in 5 % NaCl solution. The hyvdrogels were
separately loaded with Fe®™ and AI'", and were used as adsorbent for the uptake of F as a

function of external environmental factors such as temperature and pH.
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Interactions of Drug Doxycycline Hyclate with
Galactitol in Aqueous Solutions at Different
Temperatures by Volumetric and Acoustic
Methods
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Abstract: The experimental values of density, p and speed of sound, u of doxycy-
cline hyclate drug (0.002—-0.014) mol kg ! in water and (0.1, 0.2and 0.4) mol kg !
of aqueous galactitol solutions at temperatures T = (303.15, 308.15 and 313.15) K
and at atmospheric pressure have been reported in the present communica-
tion. From the experimental values, various derived parameters such as apparent
molar volume (dvy), apparent molar isentropic compression (@), limiting appar-
ent molar volume (dy), limiting apparent molar isentropic compression (Dy),

limiting apparent molar volume of transfer (:1'1’3], limiting apparent molar isen-
tropic compression of transfer (A EDE], limiting apparent molar expansibility (D),
thermal expansion coefficient (a) and acoustic parameters like isentropic com-

pressibility (kg), intermolecular free length (L¢), and specific acoustic impedance
(Z) were calculated. The structure-making behaviour of DH in aqueous galacti-

tol solution was determined on the basis of Hepler's Equation i.e. on the basis

2 (a]
of sign of %DEL)P_ The various derived parameters were utilised to interpret

the molecular interactions i.e. solute—solute and solute—solvent existing in the
studied system.

Keywords: apparent molar properties; doxycycline hyclate; galactitol; molecular
interactions.
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Thermophysical properties of glycine and
glycylglycine in aqueous tartaric acid at
different temperatures: Volumetric, acoustic
and viscometric studies

Shashi Kant Sharma 2, &, Abhishek Thakur, Dinesh Kumar, Vikas Mathan
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Highlights

= Molecular interactions between glycine and glycylglycine in water and in
aqueous tartaric acid solutions are studied.

The Volumetric, Compressibility, Acoustic and Viscometric methods are used
to interpret results.

Solute-Solvent interactions predominate over solute-solute interactions.

CGlycine and glycylglycine behawves as a structure breaker in water and in
aqueous tartaric acid solutions.

Abstract

Thermophysical properties like density, ultrasonic velocity and wviscosity of glycine,
glvcylglycine in water and in (0.1942, 0.3773, 0.5504 and 0.7142) mol - kg~ ! agueous
tartaric acid solutions as a function of concentration at different temperatures ranging
between (298.15 and 318.15) K have been determined. These data have been utilized to
calculate apparent molar volume (), apparent molar isentropic compressibility (s, ).

and viscosity B-coefficient values of the studied solutions. The partial molar volumes (.,

09, partial molar isentropic compressibility {g::,uo) and experimental slopes (5," and S;*)
derived from the Mason equations have been interpreted in terms of solute-solute and
solute -solvent interactions. The viscosity coefficients A and B have been determined
from the Jones-Dole equation. From the volumetric and viscometric data, hvdration
number (nx) has been calculated and further, the structural effects of glycine,
glycylglycine in tartaric acid solution has been discussed. The results were explained in
terms of structure making and structure breaking properties.
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Structural, magnetic and Mossbauer analysis of lanthanum and nickel )
doped CosY-type hexaferrite nanomaterial matrix synthesized by sol- ===

gel auto-combustion technique
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Sol-gel auto-cominsstion technigee was used to prepane the lantha mam {La*) and nickel (N£H) doped
CooY-type SnylaylooNigReiz0n; ¥ = 00, 0.1, 02, 0.3; y = 0u0, 0.01, 0.02, 0.03 nanchexafe mies ma-
terials. Synthesized nanehesaferntes were charactenzed by XRED, FTIR and EDS analysis. The oollective
XRD analysis reveals the single-phase pattemns comesponding to vanous dopants concentration in the
powder system matroc. The calculated structural - ausiliary parameters viz Lattice constants (a and c],
cell volume (W gq) X-ray density (d,). bulk density (dy) and porosity (P) have been found in ramge;
a4 =5ET9E-5.8T21 A, ¢ = A3TINE—44T24 A, Vg = 1308303 -1317304 A?, d, = 5.014—4.587 gmjem?,
dy, = 3T7P—1128 gmfem? and P — 0247—037. The XRD results were supparted by FESEM and TEM
images, which showed the plate-like shape of particles Unlike imegular grains, regular platelet-like
Frains were oomposed of seweral crystallites with almost parallel c-axis and this & the most suitable
shape for microwave absorption. Fourler-transform infrared spectroscopy (FTIR) showed the location of
the joms including their respective bonds within the strecture of the lattioe matnix and vanation of oo
concentration was depicted by EDS analysis of the powder matrix. The investigation of magnetic
preperties was done by vilrating sample magne temeter (ViML The saturation magnetization (M) and
ooeercivity (He) were found to be in the range of 34 29—13.711 emu/g and 16237-299.441 De, respective .
The improved values of Ms and He mean that these powders can be wsed as pre-eminent conbestant
materials for perpendicular reconding med la (PMR) ap plications In addition, the synthesized Coa¥-type
nanchexaferrites were characterized for the Misshaver analysis at room temperature. The normal
Teeman (sk-line partems) splitting confirms the hexagonal phase of synthesized nanohesalemites.

@ 2019 Ekevier BV. All rights resemved.

. Introduction

strontium hexaferrites were ectensively considered due to their
unique electmmagnetic properties, good thermal dumbility,

Ferrites of magneto plumbite oystal structure have a wide corrosion resistivity, perfect chemical stahility. Strontium  hesx-
scope of utilization in the field of materials scence | 1] Espedally, aferrites have broad high-frequency applications in various elec-

tromagnetic gadgets from microwave to radio frequencies due to
their high electrical resistivity, also applicable in tmnsformer core
including high-guality filters |2,3]. Due to the integraton of more

* Comespanding authar. ACC Wing. Indian Military Academy. Dehradun, Utar components in smaller space, the compatibility of electromagnetic

akhand, India

= Comesponding author. Govt Degree Gollsge, Madaun, Dist, Hamirpur, HE,

India

interference (EMI), as well as anti-eledromagnetic interference,
become one of the maost thought-provoking challenges in the high-

E-mail addrecoes: kunwary insnd sr@grmail.oom (VP Singh ], sushesl kaliz@gmail frequency micoeledtronic products. Co;Y-type hexagonal ferrites

com (5 Kaial

hittps: | Hoborg/ 1001016 fomal struc 2019129623

002 22860 e 2019 Elsevier BV, All rights reserved.
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ARTICLEINFO ABSTRACT

Keywards:

Stromtium hexaferribes
¥etype nanchexaferrites
Sal-gel techmigque
Structural analysis
Magnetic properties

A serles of the Y-type hexaferrites having chemical composition Sea.. Dy UooNihFeiz sz (x = 0.0, 0,01, 0.02,
0,03, 0.04 and v = 0.0, 0.1, 0.2, 0.3, 0.4) were fabricated with doping of Dy and Ni**. XRD patterns confirm
the formation of a single-phase hexagonal structure along with some impurity phases. FESEM and TEM analysis
shiows the formatbon of agglomerated magnetic nanoparticles. M — H loops obtalned from VSM observations
were used to sudy the magnetic parameters viz. saturation magnetizatdon (M, = 34.28-43.30 emu/g), rema-
nence (M, = 1.08-11.60 emu/g) and coercivity (H, = 33.98-246.05 0,), which were found to increase with an
Increase in Dy /NP substituents. The synthesized matertals with excellent structural and magnetic properties
are promising candidates for high-frequency applicatons.

1. Introduction

The nanocrystalline hexagonal ferrites have gained a lot of scientific
attention and researchers are working on Y-type hexagonal ferrites due
to their high chemical stability, unique magnetic properties and low cost
[1-4]). Today, the world is demanding technology with high perfor-
mance electronic and telecommunication devices. This demand can be
fulfilled with the help of Y- type hexaferrites because these materials can
operate at high frequency. A high frequency, high permeability, and
planar magnetocrystalline anisotropy enhance the practical applica-
biliry of such magnetic materials.

The Y-type hexaferrites have hexagonal crystal structure with
ferromagnetic nature and the space group is R3m; the molecular unit
consists of two and four-layered blocks termed as § and T blocks
respectively [5]. The technology demands the materials with high
numbers of functionalities and a high-frequency range for useful appli-
cations [6]. These hexaferrites have general formula AszMeaFez00s,
where A and Me refers to divalent metal ions distributed among six (two
tetrahedral and four octahedral) sublattices [7]. Y-type hexagonal fer-
rites have wide applications in high frequency operating devices and

* Corresponding author. Indian Military Academy, Dehradun, India.

= Corresponding author. School of Physies, Shoolinl Unbversiny, Solan, India.
el_kallaf@gmall.com (5. Kalla)

E-mail addresses: kunwar. virenderigmall com (V.P. Singh), sushs
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high-quality filters due to their high chemical stability and unigue
magnetic properties. Also, a high value of coercivity makes them more
suitable in microwave devices.

Many techniques like sol-gel, hydrothermal, co-precipitation and
glass crystallization are developed to fabricate ¥-type hexaferrite [5]. In
thizs paper, the sol-gel method was used for the preparation of nano-
hexaferrites because this technique can easily control the size, shape and
distribution of the particles at low annealing temperatures [9]. More-
over, the co-doping of transition and rare earth metals in Y-type hex-
aferrites is rarely reported to study the influence on the structural and
magnetic properties of hexaferrites. Rare earth materials are known to
possess good electrical insulation with high electrical resistivity. Nickel
is & corrosion-resistant transition metal and ferromagnetic at room
temperature. So, this work aims to study the effect of Dy** and Ni®
substitutions on structural and magnetic properties of synthesized
nanchexaferrites. Strontium based ¥-type hexaferrites were substituted
with D" jons at Sr°° and Ni** jons at Fe'' ions and magnetic prop-
erties were expected to be enhanced.
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Sol-gel auto-cominsstion technigee was used to prepane the lantha mam {La*) and nickel (N£H) doped
CooY-type SnylaylooNigReiz0n; ¥ = 00, 0.1, 02, 0.3; y = 0u0, 0.01, 0.02, 0.03 nanchexafe mies ma-
terials. Synthesized nanehesaferntes were charactenzed by XRED, FTIR and EDS analysis. The oollective
XRD analysis reveals the single-phase pattemns comesponding to vanous dopants concentration in the
powder system matroc. The calculated structural - ausiliary parameters viz Lattice constants (a and c],
cell volume (W gq) X-ray density (d,). bulk density (dy) and porosity (P) have been found in ramge;
a4 =5ET9E-5.8T21 A, ¢ = A3TINE—44T24 A, Vg = 1308303 -1317304 A?, d, = 5.014—4.587 gmjem?,
dy, = 3T7P—1128 gmfem? and P — 0247—037. The XRD results were supparted by FESEM and TEM
images, which showed the plate-like shape of particles Unlike imegular grains, regular platelet-like
Frains were oomposed of seweral crystallites with almost parallel c-axis and this & the most suitable
shape for microwave absorption. Fourler-transform infrared spectroscopy (FTIR) showed the location of
the joms including their respective bonds within the strecture of the lattioe matnix and vanation of oo
concentration was depicted by EDS analysis of the powder matrix. The investigation of magnetic
preperties was done by vilrating sample magne temeter (ViML The saturation magnetization (M) and
ooeercivity (He) were found to be in the range of 34 29—13.711 emu/g and 16237-299.441 De, respective .
The improved values of Ms and He mean that these powders can be wsed as pre-eminent conbestant
materials for perpendicular reconding med la (PMR) ap plications In addition, the synthesized Coa¥-type
nanchexaferrites were characterized for the Misshaver analysis at room temperature. The normal
Teeman (sk-line partems) splitting confirms the hexagonal phase of synthesized nanohesalemites.
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strontium hexaferrites were ectensively considered due to their
unique electmmagnetic properties, good thermal dumbility,

Ferrites of magneto plumbite oystal structure have a wide corrosion resistivity, perfect chemical stahility. Strontium  hesx-
scope of utilization in the field of materials scence | 1] Espedally, aferrites have broad high-frequency applications in various elec-

tromagnetic gadgets from microwave to radio frequencies due to
their high electrical resistivity, also applicable in tmnsformer core
including high-guality filters |2,3]. Due to the integraton of more
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A serles of the Y-type hexaferrites having chemical composition Sea.. Dy UooNihFeiz sz (x = 0.0, 0,01, 0.02,
0,03, 0.04 and v = 0.0, 0.1, 0.2, 0.3, 0.4) were fabricated with doping of Dy and Ni**. XRD patterns confirm
the formation of a single-phase hexagonal structure along with some impurity phases. FESEM and TEM analysis
shiows the formatbon of agglomerated magnetic nanoparticles. M — H loops obtalned from VSM observations
were used to sudy the magnetic parameters viz. saturation magnetizatdon (M, = 34.28-43.30 emu/g), rema-
nence (M, = 1.08-11.60 emu/g) and coercivity (H, = 33.98-246.05 0,), which were found to increase with an
Increase in Dy /NP substituents. The synthesized matertals with excellent structural and magnetic properties

are promising candidates for high-frequency applicatons.

1. Introduction

The nanocrystalline hexagonal ferrites have gained a lot of scientific
attention and researchers are working on Y-type hexagonal ferrites due
to their high chemical stability, unique magnetic properties and low cost
[1-4]). Today, the world is demanding technology with high perfor-
mance electronic and telecommunication devices. This demand can be
fulfilled with the help of Y- type hexaferrites because these materials can
operate at high frequency. A high frequency, high permeability, and
planar magnetocrystalline anisotropy enhance the practical applica-
bility of such magnetic materials.

The Y-type hexaferrites have hexagonal crystal structure with
ferromagnetic nature and the space group is R3m; the molecular unit
consists of two and four-layered blocks termed as § and T blocks
respectively [5]. The technology demands the materials with high
numbers of functionalities and a high-frequency range for useful appli-
cations [6]. These hexaferrites have general formula AszMesFeiz00s
where A and Me refers to divalent metal ions distributed among six (two
tetrahedral and four octahedral) sublattices [7]. ¥Y-type hexagonal fer-
rites have wide applications in high frequency operating devices and
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high-quality filters due to their high chemical stability and unigue
magnetic properties. Also, a high value of coercivity makes them more
suitable in microwave devices.

Many techniques like sol-gel, hydrothermal, co-precipitation and
glass crystallization are developed to fabricate ¥-type hexaferrite [5]. In
this paper, the sol-gel method was used for the preparation of nano-
hexaferrites because this technique can easily conirol the size, shape and
distribution of the particles at low annealing temperatures [9]. More-
over, the co-doping of transition and rare earth metals in Y-type hex-
aferrites is rarely reported to study the influence on the structural and
magnetic properties of hexaferrites. Rare earth materials are known to
possess good electrical insulation with high electrical resistivity. Nickel
is a corrosion-resistant transition metal and ferromagnetic at room
temperature. So, this work aims to study the effect of Dy** and Ni®
substitutions on structural and magnetic properties of synthesized
nanchexaferrites. Strontium based Y-type hexaferrites were substituted
with Dy " jons at Sr°° and Ni™* ions at Fe'" ions and magnetic prop-
erties were expected to be enhanced.
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Abstract

Z-type nanohexaferrites has attracted substantial attention in the field of materials science especially in the research areas of
high frequency and microwave devices applications due to their excellent magnetic properties in comparison with the spinel
ferrites. A series of Bay 551y sCos Y MnNiFeoy Oy (x =000, 0.05, 0,10, 0,15, 0.20; y = 2 = 0.0, 0.25, 0.50, 0.75, 1.00)
Z-type hexaferrites were fabricated with the help of sol-gel auto-combustion method in order to achieve its better
microstructural and magnetic properties. The crystallographic stucture of prepared specimens was characterized by XRD
which revealed the presence of Z-type single-phase hexagonal structure with some additional phases accompanied by P63/
mm¢ space group. The average particle size calculated by Scherrer formula was found to be in the range of 40-55 nm. The
FTIR spectrum of synthesized specimens was observed in the rmge of 400-600 cm™! which confirms our microstructural
results to a great extent. From the M-H hysteresis loops, magnetic parameters such as saturation magnetization (M)
(44.04-35.50 emufg) and coercivity (H) (42.3-248.96 Oe) were measured and it was observed that the synthesized
specimens exhibit excellent characteristics of soft femite which make it suitable for the multilayer chip imductors,
electromagnets, and magnetic storage devices applications.

Graphical Abstract

Keywords Z-type nanohexaferrites « Sol-gel preparation - Structural study - Morphological Investigation - Magnetic
measurements
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Abstract

Z-type nanohexaferrites has attracted substantial attention in the field of materials science especially in the research areas of
high frequency and microwave devices applications due to their excellent magnetic properties in comparison with the spinel
ferrites. A series of Bay 551y sCos Y MnNiFeoy Oy (x =000, 0.05, 0,10, 0,15, 0.20; y = 2 = 0.0, 0.25, 0.50, 0.75, 1.00)
Z-type hexaferrites were fabricated with the help of sol-gel auto-combustion method in order to achieve its better
microstructural and magnetic properties. The crystallographic stucture of prepared specimens was characterized by XRD
which revealed the presence of Z-type single-phase hexagonal structure with some additional phases accompanied by P63/
mm¢ space group. The average particle size calculated by Scherrer formula was found to be in the range of 40-55 nm. The
FTIR spectrum of synthesized specimens was observed in the rmge of 400-600 cm™! which confirms our microstructural
results to a great extent. From the M-H hysteresis loops, magnetic parameters such as saturation magnetization (M)
(44.04-35.50 emufg) and coercivity (H) (42.3-248.96 Oe) were measured and it was observed that the synthesized
specimens exhibit excellent characteristics of soft femite which make it suitable for the multilayer chip imductors,
electromagnets, and magnetic storage devices applications.
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A NOTE ON VARIANCE BOUNDS AND LOCATION OF EIGENVALUES

R. SHARMA, A. SHARMA AND R. SAINI

(Communicated by M. Krnic)

Abstract. We discuss some extensions and refinements of the vanance bounds for both real and
complex numbers. The related bounds for the eigenvalues and spread of a matrix are also derived
here.

1. Iniroduction

i(1.1)

In hiterature, the number

(1.2)

or its equivalent expressions have been studied in several different contexts and nota-
tions and is termed as the variance of complex numbers at many places. For example,
see Audenaert (2], Bhatia and Sharma [4,5]. Merikoski and Kumar [13], and Park
17].

The number

1 s o
;E{z;—fﬂ‘ =5 (1.3)

i=1

is also important in this context. If z;’s are all real we denote them by x;’s with a =
minx; and » = maxx;. The arithmetic mean by ¥ and variance by the lower case letter
s*. In this case §. = |§| = § = s but in general S. rather than |S| is more consistent
with s. For instance, s = 0 (8, =0) if and only if all the x;’s (z;’s) are equal. This
is not the case with |§|; for example, for three distinct complex numbers 0, :I:% + ;‘TT
we have § = 0. It however turns out that for some purposes s is more consistent with

2 |87 +58% 4
: =y (1.4)

Mathematics subject classification (2010): 15442, 26C10, 60E1S.
Keywards and phrases: Variance, complex numbers, leptokurtic distributions, eigenvalues, trace,
spread, polyvnomial, span, Jung's theorem in the plane.
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