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Abstract

A bacterium Stenotrophomonas sp. TRMK2 capable of utilizing cinnamic acid was isolated from agro-industrial waste
by enrichment culture technique. This strain completely utilizes 5 mM cinnamic acid within 18 h of incubation. The
different metabolites formed during the degradation of cinnamic acid were characterized by GC-HRMS. The involve-
ment of various enzymes, namely cinnamate reductase, 3-phenylpropionic acid hydroxylase, p-hydroxybenzoic acid

hydroxylase and protocatechuate 3,4-dioxygenase in cinna
for cinnamic acid in Stenotrophomonas sp. TRMK2 is as fo
phenyl) propionic acid; 4-Hydroxy benzoic acid and Protocatechuic acid. Further,

various phenolic compounds.

mic acid degradation was demonstrated. A catabolic pathway
llows: Cinnamic acid; 3-Phenylpropionic acid; 3-(4-Hydroxy-

this strain is capable of utilizing

Keywords Biodegradation - Enzymes - Metabolism - Pollutants - Waste

Introduction

Aromatic compounds are abundant within the biosphere
as naturally occurring and man-made ecological contami-
nants. Various types of pesticides, insecticides, herbicides
and aromatic compounds are the contaminants, many of
which are recalcitrant, toxic and accumulate in sediments.
These compounds are phenolic derivatives of a general
phenylpropane or benzyl structure (Sleat and Robin-
son 1984). At certain level of concentrations, phenolic
compounds contribute toxicity to the respective aquatic
or soil systems unless they are transformed or removed
accordingly. Industrial effluents that contain a significant
phenolic fraction include those from olive oil mills, wine
distilleries and paper-pulping mills (Andreozzi et al. 1995;
Di Gioia et al. 2001; Isidori et al. 2004). Cinnamic acid
and its derivatives are very well known as allelochemicals.
These are released into the environment in considerable
amount through root exudation, leaching, decomposition
of plant materials and accumulated in many agricultural
fields (Ding et al. 2007; Singh et al. 2013). The presence
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of phenolic allelochemicals in soil is an important factor
for crop decline in terms of growth, yield and quality lead-
ing to tremendous agricultural losses (Chen et al. 2011a,
b). Toxicity of phenolic compounds for microorganisms is
largely an issue of concentration, where large amounts of
aromatics can accumulate in and disrupt cell membranes
(Diaz et al. 2001). The presence of caffeic, coumaric, feru-
lic, or vanillic acids at concentration of above 0.1 mM
affects nitrogen-fixing bacteria and also inhibits the
ruminal bacterial growth at concentration of above 1 mM
(Hartley and Whitehead 1985; Akin et al. 1993). Phenolic
allelochemicals are utilized by many microorganisms as
energy sources, detoxify or mineralize these compounds
and catalyse their oxidation and polymerization reactions
(Chen et al. 2011a; Zhang et al. 2010).
Phenylpropionoid compounds (cinnamic, phenylpro-
pionic, p-coumaric and ferulic acids) are derived from
the degradation of lignin and other aromatic constituents
of plants (Subba Rao et al. 1971; Kawakami 1980). Bac-
terial catabolism of these compounds is an important ele-
ment in the carbon cycle by which both natural aromatics
and many industrial pollutants are degraded. As early as
1959, Coulson and Evans (1959) reported the reduction of
the cinnamic acid side chain in Pseudomonas. Such reduc-
tion of the double bond in the side chain of cinnamic acid,
p-hydroxycinnamic acid and 3,4-dihydroxycinnamic acid
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ABSTRACT

Methyl orange, a sulfonated azo dye having various industri
bacteria Bacillus sp. strain AK1, Lysinibacillus sp. straln AK2 an
various factors such as dye concentration, pH, temperature and NaCl concentration on
was investigated. At 200mg/L methyl orange concentration, the strains AK1, AK2 and VKY1 exhibited

al applications was decolorized by three
d Kerstersla sp. strain VKY1, The effect of
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maximum decolorizing potential of 93, 95 and 96%, respectively, at temperature 35°C and pH 7.0
within 18 h of incubation. These strains decolorized the dye over a wide range of pH (5-10), tempera-
ture (15-55°C), and NaCl concentration (5-20g/L). Further, these strains decolorize up to 800 mg/L
concentrations of methyl orange within 24 h. The dye decolorization efficiency was further increased

by using different consortia of these three strains which could

decolorize the dye completely within

12h of incubation. The cell-free extracts of the strains AK1, AK2 and VKY1 grown on methyl orange
exhibited the azoreductase activity of 0.4794, 1.56 and 1.01 pM/min/mg protein, respectively. HPLC

and ETIR analysis of the dye decolorized samp

acid and N,N-dlmethyl—p—phenylenedlamlne as breakdown products of azo
tion potential of these bacterial strains individually and in consort

remediation of dye effluent.

Introduction

Azo dyes are used most extensively as compared
to natural dyes owing to the simplicity and cost
benefit of their synthesis, stability and availability
in distinctive colors. These dyes have wide appli-
cations in textile, food, paper and leather indus-
tries (Chang et al. 2001) and are distinguished by
the presence of azo bond (N=N) along with the
aromatic rings. Presently, over 10,000 different
dyes are used in dyeing industries all over the
globe and an estimated 7 x 10° tons of dyes are
produced every year (Supaka et al. 2004). A con-
siderable amount of these dyes is released into
the textile effluents due to inefficiency in the dye-
ing methods and consequently enter into the
water bodies. This leads to severe environmental
hazards like curtailment of sunlight diffusion,
photosynthetic ~ activity and water quality
(Vandevivere, Bianchi, and Verstracte 1998).
Further, most of these azo dyes are hazardous

causing cancer and mutations  (Pinheiro,

le indicated the formation of 4-aminobenzenesulfonic

bond. The high decoloriza-
ia. has potential application in

Touraud, and Thomas 2004). For the elimination
of dyes from effluent, many physicochemical
methods have been devised (Forgacs, Cserhati,
and Oros 2004). But these conventional remedi-
ation methods are less efficient, have high run-
ning cost and produce sludge (Jadhav et al.
2011). Microbial decolorization of azo dyes is
found to be eco-friendly, cost effective and viable
alternative to the physicochemical methods, thus
making it most desired method for treatment of
dyes (Kalyani et al. 2008; Khalid, Arshad, and
Crowley 2008). Bacteria and fungi are found to
be the most promising among the microorgan-
isms in treatment of dyes (Hofrichter 2002).
Bacteria are even more effective than fungi owing
to their adaptability towards adverse environ-
ments. Azoreductases, laccases and peroxidases
are the microbial enzymes that are found to be
responsible for breakdown of azo dyes (Pasti-
Grigsby et al. 1992; Dhanve et al. 2009). In most
of the cases, azoreductase is involved in cleaving
the N=N bond in dyes (Hu 2001). The
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ABSTRACT

The decolorization of toxic azo dye Ponceau 4R by three strains of bacteria Bacillus sp. strain
AK1, Lysinibacillus sp. strain AK2 and Kerstersia sp. strain VKY1 individually and in consortia was
studied. At optimal conditions, up to 95%, 93% and 87% of the dye was decolorized by the
strains AK1, AK2 and VKY1, respectively, in 24h at 200mg/L of the dye. Decolorization of the
dye was optimized for different parameters such as the concentration of dye, pH, temperature
and NaCl concentration. These strains were able to decolorize Ponceau 4R up to an initial con-
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centration of 800mg/L in the pH range of 5-10, temperature 25-55°C and NaCl concentration
up to 30g/L. The dye decolorization efficiency of these strains was further enhanced by using: -
different consortia of AK1, AK2 and VKY1 in various combinations. The:complete decolorization
of the dye by a consortium was achieved within 18 h at 200 mg/L. The cell-free extract of these

strains grown on this dye exhibited a remarkable activity of.

the breakage of:-the azo bond. The:steady-state kineti

azoreductase which is involved in
f azoreductase, validated the ping -

pong Bi-Bi. mechanism of enzyme action. UV-Vis spectra, 'HPLC, FTIR and LC-MS analysis of the

dye decolorized :samples showed: the formation of 4-am

inonaphthalene-1<sulphonic acid and

5-amino-6-hydroxynaphthalene-2, 4-disulphonic acid as-the products of azo bond breakage. The
phytotoxicity  test-of decolorized sample revealed a considerable reduction in‘ the toxicity in

comparison with the parent dye.-

Introduction

Wastewater from dyeing industries contains non-bio-
degradable substances which are -very difficult to
decompose. Of the total annual consumption of
70,000 tons of dyestuff, azo dyes account for up to
70%, with 10-15% lost in effluent during the dyeing
process (Lin et al. 2014). Among them, the synthetic
azo dyes having one or two azo groups (-N=N-)
between aromatic rings are used extensively in textile
dyeing, cosmetics, paper printing, colour photography
and leather industries (Elbanna et al. 2017). It is esti-
mated that nearly 300,000 tons of textile dyes are dis-
charged into the environment every year (Martorell
et al. 2018). The deeply coloured dye effluent has
adverse consequences on the lucidity of water, the
solubility of gas and the subsistence of toxic, often
carcinogenic dye could affect both the aquatic and
human health (Rajaguru et al. 2000; Umbuzerio et al.
2005). Azo dyes can propel hypopigmentation by
inhibiting an enzyme, tyrosinase enzyme responsible
for melanin synthesis (Dubey et al. 2007). The dyestuff

in the water bodies affects photosynthesis of aquatic
plants by reducing light penetration and gas solubility
(Sharma 2009). The release of unprocessed waste mat-
ter into native water sources modifies pH, BOD, COD
and TOC values (Lade et al. 2012). Different physico-
chemical methods are being developed for the dye
wastewater treatment like Fenton oxidation, electroly-
sis, coagulation—flotation, adsorption, precipitation,
membrane-filtration, ozone oxidation and ion transfer.
But these methods are economically less efficient and
produce secondary toxins (Jadhav et al. 2007).
Microbial degradation of dyes by fungi, algae and bac-
teria are emerging as promising tools (Chaudhari et al.
2013; Nikam et al. 2017). The microbial decolorization
is eco-friendly, cost-effective and requires a lesser
quantity of water (Banat et al. 1996; Robinson
et al. 2001).

In this context, the present investigation reports
the decolorization of a well-known toxic azo dye
Ponceau 4R by three bacterial strains Bacillus sp. strain
AK1, Lysinibacillus sp. strain AK2 and Kerstersia sp.
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ABSTRACT ARTICLE HISTORY
Removal of toxic azo dyes from the industrial effluents has been = Received 16 February 2020
posing a big challenge since many years. Degradation of azo dyes by Accepted 9 April 2020
_bacteria is emerging as an eco-friendly method for the treatment of  yevwoRrDs

offluents from dyeing industries. This study presents the decolourisa-  azo dye; Fast Red E;
tion of azo dye, Fast Red E, by three bacterial strains-Bacillus sp. strain decolourisation; bacterial
AK1, Lysinibacillus sp. strain AK2 and Kerstersia sp. strain VKY1. The  consortia; azoreductase;
bacterial consortium of all the three strains decolourised 93% of the phytotoxicity

200 mg/L dye within 18 h. The strains decolourised up to 800 mg/L of

the dye. The decolourisation process was optimised under different pH

(5-11), temperature (25-55°C) and salt (10-30 g/L) levels, The cell-free

extracts of the strains AK1, AK2 and VKY1 grown on Fast Red Erevealed

the azoreductase activity of 4.0430, 3.0086 and 4.1919 pM/min/mg

protein, respectively. The breakdown products of azo bond, 5-Amino-
6-hydroxynaphthalene-z-sulphonic acid and 4-Aminonaphthalene-

1-sulphonic acid were identified by UV-Vis and HPLC analysis.

Phytotoxicity assessment indicated a significant fall in the toxicity of

the decolourised medium. Hence, it could be concluded that these .

strains can be used effectively in the removal of azo dyes from the

contaminated sites.

1. Introduction

The dyeing industry is one of the key contributors to water pollution due to the release of
the toxic synthetic dyes into the water bodies during the dyeing process. The dyeing
industry is estimated to use a large quantity of water than any other industry and
discharge highly polluted and coloured effluent. Textiles mills utilise, in an average,
about 200 L of water per kilogram of the goods processed in a day [1,2]. In addition to
the dyes, these effluents also contain chemicals like acids, hydrogen peroxide, alkalis,
surfactants, metals and dispersing agents [3-5]. The World Bank has estimated that
around 17-20% of wastewater is generated by the textile dyeing and finishing industries
[2]. India alone consumes around 80% of the global production of 1, 30,000 tons of
dyestuff due to soaring demand for cotton and polyester [6]. The presence of these dyes
in wastewater adversely affects the photosynthesis process in plants. Low light penetra-
tion and increased BOD also have an impact on aquatic life. They also decrease the
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ABSTRACT

A toxic diazo dye, Amido Black 10B was decolorized and partially degraded by bacterium Lysinibacillus sp. strain AKZ.
Various parameters such as dye concentration, pH, temperature and NaCl concentration were standardized for optimum
decolorization of the dye. The strain decolorized 90% of the 200 mg/L dye at temperature 35°C and pH 7.0 in 36 h of
incubation. Decolorizing ability over a wide range of pH (5-11), temperature (25-55 °C), and NaCl concentration (5-30
g/L) was observed with only slight decrease in the decolorization at lower and higher sides of pH and temperatures.
Further, the strain decolorized up to 600 mg/L of the dye in 72 h. The cell free extract of the strain AK2 grown on Amido
Black 10B exhibited the azoreductase activity of 1.5736 uM/min/mg protein. UV-Vis spectroscopic analysis of the dye
decolorized sample indicated the formation of breakdown products of azo bond.

Keywords: Azo dye, Amido Black 10B, Decolorization, Lysinibacillus, Azoreductase
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INTRODUCTION

Azo dyes constitute the largest group of mutagenic and carcinogenic xenobiotic pollutants [1], and
disposal of these dyes and remediation of associated contaminated sites remains a worldwide concern.
Adsorption over activated [2], H202, heterogeneous photocatalysts such as TiO2, ZnO, Pt/Zn0, iron salts
[3], ozone or the photo-Fenton reaction [4] are also employed. Biological approaches such as microbial
degradation including the use of genetically modified bacteria [5], immobilized enzymes [6], and
phytoremediation [7] are expected to be more environmentally friendly, as they can lead to complete
mineralization or formation of non-toxic residues of noxious organic waste at low cost Metabolites
formed during biodegradation were analyzed by UV-Vis amd HPLC to elucidate a probable degradation
pathway.

Amido black 10B is an amino acid staining diazo dye (Figure 1). It is applied to all kinds of natural fibers
such as wool, cotton, and silk as well as to synthetics like polyesters, acrylics, and rayon. It not only
damages the human respiratory system but also causes skin and eye irritations.

In this context, the possibility of decolorization Amido Black 10B by the bacterum Lysinibacillus sp. strain
AK2 was explored. Degradation was evaluated with respect to pH, concentration of dye, salinity and
temperature. In addition, the activity of enzymes involved in the degradation of dye was determined.
Further, activity of azoreductase, an enzyme involved in the cleavage of azo bond was determined in the

cell free extract of this strain, The dye decolorized sample was subjected to UV-Vis spectroscopic analysis
for identification of decolorization products.

MATERIAL AND METHODS

Dye and chemicals

Amido Black 10B was purchased from SDFCL, Mumbai, India. NADH was procured from Sigma, Steinem,
Germany. The media supplements peptone and yeast extract and other chemicals of culture media were

ABR Vol 11 [2] March 2020 126|Page © 2020 Society of Education, India



CHEMISTRY AND ECOLOGY )
2021, VOL. 37, NO. 7, 668-682 Labyrlgrra r& Eginos
httpS'J/do'l.org/'I 0.1080/02757540.2021 1951257 y
P ———

1 M) Check for updates
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ABSTRACT " ARTICLE HISTORY

In this study, an azo dye Amido Black 10B was decolourised and ~ Received 10 February 2021
degraded by using bacterium Bacillus sp. strain AK1. The strain . Final Version Received 30
decolourised 96% of the dye in 30 hoat 100mgl”! dye UM 2021
concentration. Decolourisation under different sets of conditions, KEYWORDS

such as increasing dye concentration (100-600 mg L"),_ H (5~  Amido Black 108; toxicity;
11), temperature (25-55°C) and calt levels (10-40gL ), was Bacillus sp; decolourisation;
studied and found that the strain could decolourise up to azoreductase; BOD/COD
600 mg L™" of the dye by about 54% in 72h at pH 7 and 35°C.

The bacterium also exhibited the ability to act under varied pH

from 5 to 11, temperature from 25°C to 55°C and salt levels of up

to 30gL™". The azoreductase enzyme responsible for the

breaking of azo bond exhibited the activity  of

15371 uM min~' mg™~' protein. The products of dye degradation

were identified by using UV-Visible spectroscopy and HPLC. The

decolourisation also resulted in a decline in toxicity, as indicated

by phytotoxicity assessment. There was also a corresponding

decrease in the BOD and COD of the decolourised sample by

more than 85%, which indicates the reduction in the pollution

loads after decolourisation.

1. Introduction

Textile industries have been using synthetic dyes for the purpose of dyeing the fabric
for many years [1).The azo dyes constitute the largest group of compounds used
extensively among all groups of the dyes owing to their diverse properties. But
these dyes are having many adverse effects on the plants and animals and the
humans [2,3]. Most of the azo dyes are mutagenic and carcinogenic xenobiotic com-
pounds [4,5]. The disposal of these dyes and remediation of associated contaminated
sites remains a worldwide concern. Several physical and chemical degradation
methods are developed over the time, such as adsorption over activated carbon,
coagulation, filtration, ozonation, oxidation by H,0, or heterogeneous photocatalysis
using TiO2, ZnO, Pt/ZnO, iron salts, photo-Fenton reaction, etc [6,7]. As these methods
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ABSTRACT ARTICLE HISTORY

In the present study, an azo dye decolourising bacterium, Received 8 February 2021
Pseudomonas aeruginosa; JKAK, was isolated and 'characterised ~ Accepted 10 July 2021
based on morphological, biochemical and 165 rDNA. sequence: ana-'

lysis. The strain decolounsed 99.12% of 200 mg/L Orange G dye i in KEYWORDS

Pseudomonas aeruginosa;

- Orange G; azo dye;
 decolourisation;

azoreductase; phytotoxicity

Furthermore, it could decolourise 92, 1%, 91, 7% and 346% of the
dye, after 20, 28 and 52 h'in the presence of Lead, Zinc and Cobalt
ions, .respectively. Consortium of JKAK with previously isolated

. strains of bacteria AK1, AK2 and VKY1 decolourised: the dye com-
pletely in 12 h. The cell-free extract of JKAK showed azoreductase

“activity of 0.9 ymoles/min/mg: protein. The HPLC and:LCMS' analysus o

- of the decolourised medium indicated the presence of azo bond -

breakage products 8:amino-6- -hydroxynaphthaline-1,3- disulfonate
and aniline. About 42% reduction in phytotoxicity was observed in
the decolourised samples. Overall, due to the high decolourising
capacity over a wide range of conditions, this strain could be effec-
tively:applied for the treatment of textile effluents.

1. Introduction

The development of various industries has resulted in the constant increase in various
forms of environmental pollution. One of the hazardous pollutants is synthetic dyes, which
are coloured substances used to enhance the beauty of most products and are utilised in
paper, food, pharmaceutical and textile industries. They are also the most utilised dyes in
the textile industry, constituting up to 60-70% of all dyestuffs used [1]. Textile industry
occupies an important position in India’s economy covering up to 14% of the total
industrial production and one third of all the country’s exports [2]. The country produces
about 80,000 tons of dye yearly, making it the second-largest exporter of dye stuff after
China. Owing to the expensive nature of the effluent treatment plants, the untreated
waste water is discharged into the waterbodies posing a threat to living organisms [3].
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]; deplot
bstract ! be fo
Empowerment of women is a long elaborate account. Through reservation in panchayats ( fimes.
or local-self-governing bodies is a disquisition of empowerment and gender equality will be consE
discussed in the present paper. It is tried in this paper to trace the history of women’s political —_—
participation and reservation in local-self-governing bodies in India, where women constitute the l dema
majority of the world’s population. But there is still no society in which women enjoy full centu
equality with men. Further the paper will discuss the decision taken by the Union Cabinet to
raise reservation for Women from one-third to 50 percent in the year 2009 in all the panchayats in ; H1cor
the country and also in decision making bodies and to contest in elections. The paper will also do
discuss various committees formed from time to time for better performance of panchayat raj -
institutions and women’s reservation policies in different states. Finally the paper will discuss
efficacy of women’s political participation and in decision making process in all the three tiers of =
ocal self-government. In conclusion the paper will suggest ways and means for the effective \_VOH
participation of women in local bodies and in decision making for their empowerment through z:z
panchayats. . hen
Key Words: Gender, Political Participation, Empowerment, Local Self Government. .
Introduction I;:
Women are excluded from different walks of life, more visibly in Politics. The U.N.
observes that women constitute world’s largest excluded category. For the attainment of true .
democratic spirit they shall be ensured better political participation. Equal treatment to women in Z:
political life, to be meaningful and effective should start from the grassroots level.Local De
government is basically an organized social entity with a feeling of oneness. By definition, local s
government means an intra-sovereign governmental unit within the sovereign state dealing co
mainly with local affairs, administered by local authorities and subordinate to the state

ENGLISH PART - V / Peer Reviewed Referred and UGC Listed Journal - 40776 56




K Peer Reviewed Referred and, UGQ Listed Journal
(JournaI'No. 40770)

ISSN 2277 - 5730

AN INTERNATIONAL MULTIDI scl
QUARTERLY RESEARCH

) "
W b ¢
g ’ '

Volume-VlI, Issue-IV
Qctober - December - 2018
English Part -V

Impact Factor / Indexing
.. 2018-55
wwy.sjifactor.com

—————————



Sustainable Empowerment of Women and Mortality
Statistics in India: Impact on Women’s Health and Analysis
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Abstract: Achieving gender equality and women’s empowerment is integral to each of the 17
Sustainable Development Goals; pressing challenges of our time is from economic crisis and lack
of health care, to climate change, violence against women and escalating conflicts. Only by
ensuring the rights of women and girls across all the goals will we get to justice and inclusion,
economies that work for all, and sustaining our shared environment now and for future
generations. The purpose the paper explores the definition of sustainable development of women
with empowerment concept and consciousness of women’s health as well as to achieve the gender
equality of Millennium Development Goals of United Nations as India is also a signatory of these

goals. Gender Plays a key role in Health-related decisions which are made by male gender in

Indian society/families in particular with rural families. Further the paper explore the women the
importance of empowerment of women to improve the mortality trends in India and impact of
mortality on women’s health which needs is an importance aspect in eliminating the gender
inequality which are moral imperatives and fundamental human rights. Women access to health
care and their ability to achieve good health is the main goal and policies have been introduced by
Government of India and also by State Government for improving the standards of health care of
the people and in particular women’s mortality. In conclusion the paper discusses the Human
Development Trends of the mortality rate in India and to improve the mortality rates of women by
government by securing the health rights and also investing in health sectors.

Keywords: Empowerment, Health, Mortality, Sustainability, Women

Introduction

very day in 2010, about 800 women died due to complications of pregnancy and child birth, including severe

bleeding after childbirth, infections, hypertensive disorders, and unsafe abortions. Out of the 800, 440 deaths

occurred in sub-Saharan Africa and 230 in Southern Asia, compared to five in high-income countries. The

risk of a woman in a developing country dying from a pregnancy-related cause during her lifetime is about 25

times higher compared to a woman living in a developed country. Maternal mortality is a health indicator that
both between countries and within them. Carl Haub (2007)
Gender differences in mortality and life expectancy vary by country. But in most countries, men live shorter lives
than women (see figure). In Russia, for instance, the difference between male and female life expectancy is 13 years
(59 vs. 72). In other countries, such as the United States, the male disadvantage is smaller: 5 years (75 vs. 80). And
in some countries, such as Afghanistan, there is little or no male disadvantage (42 vs. 42).

han men and visit the hospital more often than men from early adolescence to
Jate middle age, they are less likely to die at each age. This paradox can be explained at least in part by differences
in the prevalence of chronic conditions men and women face. Sandra Yin (2007) women experience higher rates of
pain (headache, arthritis), and some respiratory conditions, including bronchitis, asthma, and lung problems not
related to cancer. They are also much more likely to suffer from reproductive cancers hypertension, vision
problems, and deprc'ssion. Men are more likely to suffer from hearing loss; smoking—relz:ted ailments ,such as
emphysema and respiratory cancer; and circulatory problems including cardiovascular disease and diabetes,

shows very wide gaps between rich and poor,

While women rate their health worse tl
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Rietveld Refinement and Study of Elastic
Properties of Nio.7Zno.3DyxFezxO4 (0.0 < x 0.03)
Ferrite Nano-Structures

S. S. Kammar
Department of Physics
HKE’s A. V. Patil Degree College, Aland, Kalburgi, Karnataka, India

Abstract: Dy substituted spinel ferrite nanoparticles of the composition Nig.7ZnosDyFezxO4 (x = 0.0, 0.015,
0.03) were fabricated by using sol-gel method. Structural and elastic properties of Ni-Zn ferrite were tailored
by introducing the Dy** rare earth ions. Powder X-ray diffraction (XRD) and Infrared spectroscopy (1R)
techniques were employed to investigate the phase purity, absorption bands, and elastic properties of the
samples. The crystal structure and cell parameters were refined by using Rietveld refinement done by using
Fulprof software. Rietveld refinement infers that the ceramics crystallized in single — phase cubic spinel
structure having the space group Fd-3m. A slight increase in lattice parameter is observed due to substitution
of Dy** ions in Ni-Zn crystal lattice. The vibrational study was achieved by using IR spectroscopy. Two major
absorption bands (v; and v;) were observed in the frequency range of 350 to 800 cm™ which confirms the
co-existence of tetrahedral and octahedral sites of spinel structure. IR data was used fo evaluate the elastic
parameters like stiffness constant, young's modulus, bulk modulus, rigidity modulus, poisons ratio, and Debye
temperature. All the elastic moduli and Debye temperature are found increasing with increasing
concentration of Dy** ions.

Keywords: X-ray diffraction, Rietveld refinement, infrared spectroscopy, elastic properties

I. INTRODUCTION

Ferrites are technologically important materials because of their unique properties like high coercivity, high permeability
and very high resistivity and can be used in microwave and radio frequency devices [1-2]. The increasing trend in the
fabrication of the modern technology has enhanced the performance of the devices from low to high frequency, better
efficiency and miniaturization [3]. Ferrites are grouped in four categories such as cubic spinel, garnets, hexaferrites and
magneto plumbites [4]. Spinel ferrites with cubic crystal geometry are belongs to the soft ferrites which have been the
current topic of interest due to their excellent physico-chemical properties and versatile applications in various fields [5-
6]. Spinel ferrites at nano-scale dimension shows some unique structural, chemical, physical, magnetic, dielectric
properties and high frequency applications which are quite different from their bulk counterpart [7]. Such properties can
be tailored by using different synthesis method, composition, amount and type of dopant and sintering conditions [8].
The electromagnetic properties of spinel ferrites are depending upon the Fe-Fe interactions, super exchange interactions
of Me-Fe cations at lattice sites and spin coupling of 3d electrons. Moreover, substitution of rare earth ions in spinel
lattice may enhanced the electromagnetic response of spinel ferrites [9]. The incorporation of RE ions into spinel lattice
pr?duces the RE-Fe (3d-4f coupling) interaction which in turn improves the electrical and magnetic properties of the
spinel ferrites. Hence, in the recent years, study of RE doped spinel ferrites have been grown due to their extraordinary
electror.nagnetic and optical properties [10-1 1]. Several reports are available on the study structural, elastic, electrical and
magnetic properties of RE doped (c.g. Gd*, Sm™, Dy™, Ce, Y, Er**, Tb*, Pr’*, Ho™ etc.) spinel ferrites [12-15].
The 1f1cr<.aasu.1g mtlerest of.' scientific community towards RE doped spinel ferrites motivated us to study the effect of Dy**
;:‘.bmm“o“ in Ni-Zn spinel ferrites. In the present work nano-scale spinel ferrites having general chemical formula

101Zn03DyxFe2xO4 (x = 0.0, 0.015, 0.03) have been synthesized by using sol-gel auto-combustion technique. As

pr.cparcd samples were investigated by using X-ray diffraction technique (XRD) and infrared spectroscopy (IR) for the
Rietveld refinement and study of elastic properties,
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Substitution of larger Dy** ions in Ni-Zn-F e-O

nanoferrites synthesized by sol-gel auto-
combustion technique.

S. S. Kammar

Department of Physics, HKES A. 17 Patil Degree College, A land, Dist. Kalburgi (KA) India.

Abstract:
are-carth (RE) Dy*" doped Ni-

t 800°C for 6 hrs. Powder X-

Sol-gel auto-combustion technique was employed to produce the r

Zn-Fe-O nano-crystalline powders. Newly prepared powders were sintered a

ray diffraction technique (XRD) was used to estimate the structure of the samples and related structural

parameters. XRD patterns suggests that the single-phase cubic spinel structure of the samples with no trace

of any impurity phase. Substitution of larger Dy** ions in Ni-Zn crystal lattice increases the lattice constant
from 8.3663 to 8.3811 A. XRD data was used to estimate the other structural param
(dx). porosity (P), specific surface area (S), hopping lengths (La, Lg) and ot
tetrahedral and octahedral bond length (dax, dey), tetrahedral edge, octahedral edge (shared and unshared)

(daxe, dpxe, and dexgu). Larger Dy** ions substitution varies the structural parameters of Ni-Zn spinel

eters like X-ray density

her allied parameters

ferrites.

Keywords: Sol-gel technique, rare earth ions, lattice constant, hopping lengths.

Introduction:
Wide range of potential applications in high density magnetic recording media, memory chips,

biomedical and microwave applications, magnetic fluids, core transformers etc. gaining the attention of
scientists and technologists towards magnetic nanoparticles [1-4]. In the recent years, ferrites with spinel
structure have been extensively investigated by the researchers by considering the importance in basic and
applied research [5-6]. Rare earth (RE) doped spinel ferrites have attracted much attention within the
scientists and materials researchers due to their unusual properties like infrared emission, catalytic
activities, photoelectric emission and magnetic interactions [7-8]. It is known that the magnetic interaction
of the ferromagnetic oxides is largely governed by the coupling of spins of the 3d electrons (Fe-Fe
interactions). Introduction of RE ions in the spinel lattice introduces the ad-4f coupling (RE-Fe
interactions) which can lead to small changes in the magnetization and Curie point [9].

Several researchers have been investigated the spinel ferrites by introducing the RE ions. Spinel
ferrites having general chemical formula AB2Os, where, A-represents the divalent metal ion (Ex. Mn*',
NiZ*, Zn?*, Co**, Cu®* etc.) and B represents the trivalent metal ion specially Fe** ions. Larger RE ions,
generally, replaces the smaller Fe** jons at octahedral — B site. Due to larger ionic radii, even in small
amount, introduction of Dy** ions in Ni-Zn ferrites greatly affects the structural, electrical and magnetic

properties. In the present paper, structural properties of Dy** doped Ni-Zn ferrites have been discussed.
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