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A B S T R A C T

In the present work, synthesis and microstructure characterization of nanocrystalline intermetallic carbide (Ni-
Ti)3C synthesized by mechanical alloying under argon atmosphere has been investigated in detail.
Microstructure characterization in terms of lattice imperfections of prepared ball-milled powders and quanti-
tative estimation of different phases present in the powder samples have been carried out by analyzing X-ray
diffraction data employing Rietveld's powder structure refinement method. Rietveld's analysis output reveals
that the single phase stoichiometric nanocrystalline (Ni-Ti)3C has been formed after 7 h of ball-milling from
Ni–Ti–C solid solution phase and extended milling up to 10 h confirms the phase stability of newly formed
carbide phase. High resolution TEM images of 10 h ball-milled sample reveal the microstructure of prepared
nano-carbide which is in good agreement as obtained from structural and microstructural evaluation by Rietveld
method using XRD data. Finally, a comparative study between microstructural parameters of (Ni-Ti)3C with Ni3C
helps to understand the effect of Ti doping on the phase formation of (Ni-Ti)3C.

1. Introduction

Metal carbides are typically expressed as “refractory” materials as a
consequence of their incomparable properties like elevated melting
temperatures, high Young's moduli at elevated temperatures, enormous
hardness and superior thermal shock resistance. Consequently, it be-
comes a tradition to manufacture of high temperature appliances, cut-
ting tools, surface layer coating and wear-resistance parts using metal
carbides [1]. Moreover, metal carbides possess excellent electronic and
thermal conductivity and few of them show evidence of super-
conductivity too [2–4]. Among these carbides, nickel carbide recently
has found application to a great extent due to its excellent magnetic,
mechanical and electro-catalytic properties [5,6]. Because of its ex-
cellent electrical conductivity as well as high degree of electro-catalytic
activity, nickel carbide is recently being used in fuel cells as a potential
material and can effectively be introduced as a modifier for new gen-
eration electro-chemical sensors [7]. At room temperature, nickel car-
bide (Ni3C) has a metastable phase resulting from the lack of ionic
bonding and very low solubility of carbon into nickel lattice. Ni3C de-
composes at temperature just above 430 °C and as a result nickel car-
bide based materials are very hard to be synthesized at room tem-
perature [8,9]. In previous works, several literatures reported the

development of thin Ni3C film [10,11] but reports on pure Ni3C powder
synthesis starting from elemental nickel and graphite powders are very
few [12,13]. Portnoi et al. prepared nickel carbide by milling Ni-C
powder mixture in argon atmosphere [12]. In our previous work,
synthesis of stoichiometric nanocrystalline Ni3C powder was achieved
by ball-milling the starting ingredients, metallic Ni and graphite
powder mixture under argon atmosphere within a short duration [13].
Fan et al. [14] prepared uniform Fe doped Ni3C nano-dots dispersed in
ultrathin N-doped carbon nanosheets through carburization of the two
dimensional nickel cyanide coordination polymer precursors.

Conventional carbide preparation involving high temperature
synthesis needs huge instrumentation. In contrast, mechanical alloying
(MA) is a facile ultrafast solid state synthesis method of nanocrystalline
metal carbide preparation in a single-step at room temperature, as re-
ported in our previous works [15–19]. High localized pressures and
temperatures developing in repetitive ball-powder-ball and ball-
powder-wall collisions in the course of milling results in diffusion
process of materials leading to the easy formation of new stoichiometric
phases, which needs huge instrumentation by any other conventional
synthesis method.

The purpose of the current research work is to synthesize nano-di-
mensional ternary Ni0.65Ti0.1C0.25 metal carbide at room temperature
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ABSTRACT: We report the preparation of mixed halide hybrid
perovskites (CH3NH3PbI3‑xBrx) using a solvent-less mechanosynthesis
route. Compositional analysis using EDXRF microscopy has confirmed
the production of the desired materials. As relative abundance of
halogen (x) increases, the tetragonal phase gradually transforms to
cubic phase and the band gap tunability of the material is observed.

Organic−inorganic hybrid perovskites have recently
attracted immense attention as the absorber layer in

third-generation photovoltaic cells and for their promising
optoelectronic applications such as in photodiode,1 nanolaser,2

X-ray photodetector,3 and light-emitting diode.4 These
materials show unparalleled optoelectronic properties such as
very low excitonic binding energy, easy band gap tunability
covering most of the solar spectrum, excellent optical response
(23−25%), sharp absorption edge, large extinction coefficient,5

very long carrier diffusion length of more than tens of
micrometers,6 and high dielectric constant.7 Utilizing all these
favorable physical properties, the hybrid perovskite based solar
cell has reached a competent power conversion efficiency of
22.1% within a few years of its discovery.8 However, the mostly
used hybrid perovskite methylammonium lead iodide
(CH3NH3PbI3) is very unstable in the open environment as
it degrades rapidly in a humid environment supported by
ultraviolet light. In order to counter this problem, researchers
are incorporating other halides (bromine, chlorine) in
CH3NH3PbI3.

9,10 Incorporation of bromine enhances the
stability of the material, but it also increases the band gap,
which is not suitable for solar cell application. Varying the
bromide/iodide ratio to make mixed halide hybrid perovskite
(CH3NH3PbI3‑xBrx) changes the physical properties very much,
among which is the improved stability with reduced hysteresis
in power conversion efficiency.10−12 CH3NH3PbI3‑xBrx can be
prepared in various ways such as solution based chemical
formulation. There is an inherent problem however with the
wet chemical route for preparing mixed halide hybrid

perovskite (CH3NH3PbI3‑xBrx) due to the different solubility
of the bromide and iodide precursors in the same solvent. It is
difficult to find a solvent in which both mother reactants
dissolve sufficiently. This restricts varying x continuously from
0.0 to 3.0. Very few studies has been reported where x is varied
continuously using a wet chemical route. However, the method
of preparation plays a crucial role in defining different physical
and chemical properties like morphology, grain size, transport
properties, crystallinity, and other structural parameters.
Mechanochemical synthesis has gained huge popularity for its
reduced environmental impact, low reaction energy con-
sumption, and minimized reaction byproduct. This synthesis
technique gives several advantages over the traditional solvo-
thermal route. Hybrid perovskite materials have been prepared
by different chemical routes13 where precursors were mixed in
some solvents and processed at different temperatures. In the
solvent-less mechanochemical synthesis route, the precursors
are ground together by means of colliding balls using a one-step
process in a planetary ball mill. Very few reports have been
published on this synthesis route for hybrid perovskite.
Stoumpos et al. found an excessive amount of unreacted
precursors along with MAPbI3 while trying to grind the
precursor with just a mortar and pestle.14 Prochowicks et al.
first reported the production of methylammonium lead iodide
(CH3NH3PbI3) with the help of ball milling which yielded
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Dispersion Tailoring in Circular Photonic Crystal
Fibers for Ultraflattened Dispersion

Kajal Mondal and Partha Roy Chaudhuri

Abstract— In order to tailor the dispersion characteristics
and to control the dispersion slope of index-guiding photonic
crystal fibers (PCFs), a new controlling technique is reported.
Moreover, this technique is applied to design PCF with both
near zero and ultraflattened dispersion in a large wavelength
range. The birefringence of the fiber is also addressed as the
field profile becomes elliptical in the designed fiber. In addition,
how the inevitable imprecision introduced during the fabrication
process affects the final dispersion profile is investigated. A finite
difference method is used to analyze the dispersion properties and
the birefringence characteristics of the PCF. Simulation results
reveal that ultraflattened dispersion of 0 ± 1.5 ps/(nm.km) can be
achieved over a bandwidth of 890 nm in the wavelength region
of 1110–2000 nm along with polarization maintaining property.

Index Terms— Birefringence, chromatic dispersion, circular
photonic crystal fiber, ultraflattened dispersion.

I. INTRODUCTION

PHOTONIC crystal fibers (PCFs) or microstructured fibers
are manufactured by single material component, usually

un-doped silica, having a lattice of air holes running down their
entire length [1], [2]. By manipulating the size and shape of
air-holes or lattice geometry of the photonic crystal cladding,
it is possible to control light-propagation characteristics of
these fibers. The chromatic dispersion can also be controlled
in order to amend the zero-dispersion wavelength [3] or to
engineer the dispersion slope and make the dispersion curve
to be ultraflattened [4]–[6].

There are mainly three techniques by which flattened dis-
persion over a wide range can be obtained namely, selectively
reduced hole size [7], selectively liquid filled holes [8], and
creation of a defect at the core [9]. However, realization
of these kinds of PCFs is extremely challenging. In this
letter, in order to control dispersion and dispersion slope,
a new dispersion controlling technique is reported. Here, the
dispersion properties of PCFs have been tailored by changing
the number of holes belonging to the first, the second, or the
third ring in order to obtain desired dispersion characteristics.
By means of this technique, similar results have been obtained
as reported in [7]. However, differently from [7] where air-
hole diameters have been modified to tailor dispersion, in the
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Fig. 1. Transverse cross section of a PCF with circularly distributed holes.
Inset shows cross section of same PCF with three holes in the first ring.

present method the number of holes in the rings have been
changed. Results have shown that the dispersion parameter
can be considerably increased by dropping the air-holes in the
first ring, or through adding in the second or in the third rings.
Optimizing the number of holes in the rings, PCFs with zero-
dispersion wavelength around 1500 nm, and the dispersion
parameter value between ±1.5 ps/nm.km in a wavelength
range of 890 nm have been thus designed. The birefringence
characteristic of the fiber is also studied as the field profile
becomes elliptical in the final design. In fact, the technique
can also be utilized to design a fiber which can successfully
compensate positive dispersion and the positive dispersion
slope [10], [11].

II. FIBER DESIGN

Fig. 1 depicts cross section of a 5-ring PCF, where air-hole
arrangement of the considered structure is shown. For illus-
tration, in the inset of Fig. 1, another PCF cross section is
shown, where number of holes in the first ring is reduced to
3 instead of 6. The key feature of the structure is a ring
shaped distribution of air-holes [12]–[14]. The background
material is considered as silica and its refractive index is
calculated by the Sellmeier equation. Significant parameters
of the circular PCF (C-PCF) structure are the diameter of
the holes, d and the separation between any two neighboring
rings, �e (external pitch, is also the radius of first ring).
The center-to-center spacing between any two nearest holes
in a ring (internal pitch �i) then depends on the total number
of holes present in that ring. The internal pitch is related to

1041-1135 © 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
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Multifunctional Logic Applications of a Single Molecule: A
Molecular Photo-Switch Performing as Simple and
Complex Gates, Memory Element, and a Molecular Keypad
Lock
Monaj Karar,[a] Pradip Shit,[a] Basudeb Halder,[b] Arabinda Mallick,*[c] and Tapas Majumdar*[a]

Carbazole (CZ) can act as a photo-switch leading to a
multifunctional logic system when triggered by fluoride (F–)
ions, H2O and light, through efficient interaction of the pyrrole
unit with the anions. Here we are reporting a unimolecular
platform of CZ (and case specific CZ-F–) that can be configured
as NOT, YES, complimentary IMPLICATION and INHIBIT, a new
complex logic gate performing IF-THEN and NOT operations
and a memory element with cyclic “Erase-Read-Write-Read”

ability with feedback loop mechanism. The fluorescence
responses of the CZ system also have been exploited to design
a potential highly secured molecular keypad lock operating
with a purely opto-chemical password composed with optical
and chemical input keys. The system displays the applications
of light responsive molecules as multifunctional, reconfigurable
molecular logic devices that may lead towards true molecular
information processing units.

Introduction

Information processing and designing of Boolean type logic
gates at molecular-level was found to have great attention
using optical switches.[1–3] Aviram (1988) proposed that small
molecules might be applied in molecular electronic devices for
memory, logic and amplification.[1] Thereafter, De Silva et al.
(1993) historically pioneered the molecular photoionic logic
device.[2] The reported system with two chemical inputs and
one optical output perfectly mimicked the operations of an
AND gate. The work was trailed further with AND logic
operations by De Silva and his group.[5,6]

Later, serious researches were endeavoured to employ
molecular systems in binary operations and logic systems[7–19]

such as YES,[7–10] NOT,[8,11] AND,[8,11–14] OR,[7,8,11–13,15,16] NAND,[11]

NOR,[2,7,11,15,16] XOR,[11,12,14] XNOR,[11,13,15] IMPLICATION[11,17,18] and
INHIBIT[7,12–17,19] etc. Now the present dilemma is to physically
integrate multiple logic gates on a single molecular system in
order to achieve the functional complexity of integrated circuits
beyond basic logic gates e. g. YES, NOR, XOR etc. Extremely
efficient molecular wiring between basic individual molecular
logic devices with ultimate precision can only open the door to

a world of ‘Molecular Integrated Circuits’ (MIC). The semi-
conductor logic devices embedded on silicon chips and micro-
processors, executing binary arithmetic and logical opera-
tions[20] are the functional base of modern computers.
Therefore, advances in Molecular Logic Devices and Molecular
Integrated Circuits may open the doors of molecular computa-
tional technologies or molecular computing.

However, the efficient and precise molecular wiring of
simple logic switches may turn out to be extremely difficult
presently. One bypass approach to avoid this complex situation
may be functional integration. To get out of this complex
situation, one possible way out lies on performing the
functions of multiple logic gates on a single molecular
platform. Then the complex logic circuit, composed of various
simple logic gates, might operate on same molecule without
the necessity of inter-connecting individual logic gates.
Actually, co-existence of multifunctional logic gates on a
unimolecular platform is going to be much more advantageous
in creating functional integrated circuits in a clear-cut fashion
as a substitute to the time consuming and tricky bodily
connections between different molecular devices.

Two major aspects of the information technology are the
data storage and protection. We are in search of molecules that
can be employed for the data storage and protection functions
as an alternate resource of semiconductor based devices and
systems. To fulfil the storage demand high density storage
devices with high “write-read-erase-read” speed are the need
of future. To keep up with the pace, HDDs with high storage
capacities and high-speed flash drives have evolved with
modern technology and became available in the market.
However, the need for storage capacities and data transfer rate
are ever escalating. Therefore, researchers are in search of
molecular storage devices to replace the semiconductor
devices. Recently, in this context, Kumar et al. reported new
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Electrochemical and UV–Vis spectroscopic studies on the interaction of
sodium 1,4-dihydroxy-9,10-anthrauinone-2-sulphonate with
cetyltrimethylammonium bromide micelles
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a b s t r a c t

The energy optimized structure of sodium 1,4-dihydroxy-9,10-anthraquinone-2-sulphonate (QS) was
determined using computational methods. The interaction of it with cationic surfactant cetyltrimethy-
lammonium bromide was investigated in aqueous solution at pH 7.4. The aspect of the affinity of such
molecule to cationic surfactant micelle is important in determining its biological action. The binding con-
stant, partition coefficient and the stoichiometry were determined for molecule-CTAB interaction. The
study showed that the hydrophobic interaction plays a major role in binding of QS to CTAB micelles.
Gibbs free energy for the binding and distribution of QS between the bulk aqueous medium and surfac-
tant micelles were calculated.

� 2018 Elsevier B.V. All rights reserved.

1. Introduction

Nowadays cancer is the most dangerous threat to humanity
which has been increasing enormously over the last so many years.
Although considerable progress has been made to enhance our
knowledge on cancer, yet a lot remains to be done. Till date, the
most important approach in treating cancer is chemotherapy and
radiotherapy in conjunction with surgery. However, most of these
approaches barring surgery have many serious side effects. It has
been observed that the affected patient dies not of the disease itself
but more because of a variety of side effects during treatment. This
is alarming for us and there is a growing need to think of new ways
of treating cancer that takes care of the aspect of side effects during
treatment.

Anthracycline drugs such as adriamycin, daunorubicin, carmi-
nomycin, idarubicin, etc., have received a significant interest due
to their effectiveness and extensive clinical utilization in various
forms of human cancer [1–3]. However, high cost in obtaining
these compounds from natural sources [3] makes a limitation on
the use of these drugs to the cancer suffering people residing par-
ticularly in the third world countries. This opens an important way

of research for generating the doable alternatives of these drugs
which would be inexpensive as well as efficient. Since the chem-
istry of this class of molecules is governed by the planar hydroxy
anthraquinone unit, therefore, many simple and cheap hydroxy
anthraquinones have been tried and compared with the estab-
lished drugs [4–16].

Though several mechanisms of drug action of these molecules
have been proposed, the intercalation of such molecules into
DNA backbone has been established as the dominating mode of
their drug action [1–3]. In addition the mechanism of drug action
is related to the interaction of a drug molecule with biological tis-
sues by means of its binding to membranes at the molecular level
[17–19]. Many biological processes occur at the ionizable surface
of the membranes or along their hydrophobic region which makes
a comparative study on the interaction of the drug with cationic,
zwiterionic, anionic and neutral surfactants to be imperative
[20,21]. This provides useful information on the nature of drug–
membrane interaction. The studies on the drug–surfactant interac-
tions have been done by several workers using various techniques
as it has widespread applications in pharmaceutical field. Micellar
systems posses the ability to solubilize hydrophobic drugs [22–24]
thereby increasing their bioavailability and thus it can be used as a
model system for biomembrane, as well as drug carriers in numer-
ous drug delivery and drug targeting systems [25–27]. The physic-
ochemical interactions of drugs with surfactant micelles can be
visualized as an approximation for their interactions with

https://doi.org/10.1016/j.cplett.2018.01.029
0009-2614/� 2018 Elsevier B.V. All rights reserved.

Abbreviations: QS, Sodium 1,4-dihydroxy-9,10-anthraquinone-2-sulphonate;
ct DNA, Calf thymus DNA; CTAB, Cetyltrimethylammonium bromide.
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Synthesis,  spectroscopic  characterization  with  computational  modeling  and
epoxidation activity of two iron(III)-Schiff base complexes
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Two non-heme mononuclear iron(III) complexes, [Fe(L)Cl] (1) and [Fe(L)Br] (2) containing a (N,O)-donor Schiff base
ligand, (H2L = 2-((5-((2-hydroxyphenylimino)methyl)furan-2-yl)methyleneamino)phenol), have been synthesized and iso-
lated in pure state. The structural formulation for iron complexes have been determined by different physico-chemical
methods. Room temperature magnetic measurement for both 1 and 2 indicates the existence of high spin iron(III) spe-
cies in their solid state.  The structural consolidation for the iron complexes (1 and 2) has been performed through
theoretical modeling with B3LYP density functional theory (DFT) using 6-31g(d) basis set.  The optimized structures
agree very well with the experimental proposed structures. The iron(III)-Schiff base complexes have been evaluated as
effective catalytic systems towards alkene epoxidation using (E)-stilbene as a convenient in presence of tert-
butylhydrogenperoxide (TBHP). It is revealed that 2 has better catalytic efficacy than 1 in terms of the yield of the
reaction for both the iron complexes.

Keywords: Iron(III), Schiff base, spectroscopic methods, epoxidation activity, DFT study.

Introduction

Transition metal complexes containing oxygen and
nitrogen based polydentate ligands are of great inter-
est for having their diverse geometric configurations,
structural lability, and electronic reactivity1–3. Iron
is the most prevalent transition metal in nature. Among
the transition metal complexes, iron complexes have
significant contribution in developing utility materi-
als of industrial and biological significance4–6. Syn-
thetic ligands have an influencing effect on the de-
sign of metal catalysts in order to bring high order of
reactivity and selectivity for different organic trans-
formations. Sterically and electronically tuned ligands
in association with iron metal ions may therefore
result in development of efficient and low cost cata-
lysts for enantioselective synthesis7. Further efforts
in tuning iron catalysts concerning handling, stabil-
ity, activity and selectivity have to be made to bring
the catalytic systems closer to large scale industrial

†On lien: Department of Chemistry, Raghunathpur College, Purulia-723 133, West Bengal, India.

application. Thus, finding of effective catalytic sys-
tems that use clean, inexpensive terminal oxidants,
such as molecular oxygen or hydrogen peroxide, are
highly desired from both environmental and economic
point of views.

Epoxidation of olefins and arenes8,9 is a marvel-
ous transformation in synthetic organic chemistry8

since the epoxy compounds are widely used in the
preparation of wide range of commodity chemicals10.
In relation to epoxidation, hydrogen peroxide is treated
possibly the best terminal oxidant after molecular
oxygen from environmental and industrial perspec-
tive10,11. Among the transition metal complexes, iron,
cobalt and manganese-Schiff base complexes have
drawn special interest for their significant contribu-
tion in catalytic epoxidation reactions10,12a,b. But the
real breakthrough in transition-metal catalyzed asym-
metric epoxidation of unfunctionalized alkenes was
made in 1990 when two research groups, Jacobsen
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ABSTRACT 
 
The natural flavonoid, 5,6-dihydroxy-7,8,4'-trimethoxyflavone (DHF) has 

been isolated from the aerial parts and roots of small aquatic herb Limnophila indica 
and characterized by experimental and computational methods. Optimized geometry 
of DHF shows a strong hydrogen bond as confirmed by Wiberg indices. The FTIR 
spectra of DHF were studied by vibrational energy distribution analysis (VEDA) 
using potential energy distribution (PED) analysis. The electronic spectra were 
carried out by TD-DFT procedure and compared with experimental results. The 
experimental and theoretical results corroborates very nicely with the present 
compound. To understand the biological efficacy of DHF to act as a therapeutic agent 
(antiviral), binding with protein α-Glucosidase residues has been studied. The nature 
of binding between DHF and α-Glucosidase residues is hydrophobic in nature. The 
study suggests further investigation on DHF for their pharmacological importance. 
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Evaluation of Online Learning Repositories: A Comparative Study
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AbStRACt

Many online learning repositories available around the world. This paper provides a comparative analysis 
among selected online learning repositories (eGyankosh, ePG pathshala, MIT resources and Sodhganga) for learning 
resources. The comparative study is based on some analytical parameters, like generic, content related, retrieval 
related, post processing, interface related, etc. The collected data have been analysed on the basis of parameters. 
The results have been displayed through different types of diagrams like multiple bar diagrams, pie diagram, etc. 
It was found that none of the selected online learning repositories achieved the full score. And also found that 
Sodhganga ranked the highest position among them.

Keywords: Online learning repositories; Electronic information; Digital reference sources; Information explosion

1.  IntROduCtIOn
There are various types of online learning resources 

available on the Internet. Use of electronic information has 
increased with the rapid advancement of internet and its related 
technologies. Now internet is an effective communication 
medium enabling collaboration and interaction between 
individuals and their computers regardless of their geographical 
barrier. The development of the world wide web has led to 
tremendous growth in the quantity of all types of publications. 
Presently the web is a reliable and effective mechanism for 
dissemination of information. The web has surrounded a 
variety of information resources, such as, electronic journals 
(e-journals), educational materials, technical reports, library 
catalogues (OPAC), databases, career sources, information on 
organisations, associations and many more1. 

 To keep pace with the rapid growth of information, 
libraries are re-innovating themselves. They must provide 
well equipped environment for information seekers with many 
options, time saving by use of different types of Information 
and communication technology. While most of the libraries are 
trying to publish their digital resources on web very fast, they 
are also taking steps to make their online learning repositories 
and reference services available digitally. Few digital reference 
services incorporate e-mails, instant messaging (online chat), 
and telephone have been in use for decades, while other 
services such as text messaging and video conferencing are 
emerged in the last decade2. 

Digital reference service is considered as an online 
reference service for library patrons to query reference 
information on library’s website. Unlike traditional reference, 

digital reference service allows patrons to submit questions 
and receive answer via the internet or other electronic means3. 
Therefore, the digital reference sources should be strong in 
nature to render services to the tech-savvy users. 

Online learning repositories are one of the method of 
digital reference sources for learning resources. Some of major 
online learning repositories studied here are eGyankosh, JISC 
resources, MIT resources, CEC UGC resources ePG Pathshala, 
Sodhganga4. 

2.  LItERAtuRE REVIEW
Singh5 studied the comparative digital reference services 

of north Indian academic libraries. The various models of 
providing digital reference services such as email, “Ask 
questions”, video conferencing, digital robots, online chat 
reference and collaborative digital reference were discussed 
in his research. He also discussed the strength and weakness 
of existing reference service being provided by the university 
libraries. To complete the research he used the observation 
method of study to explore the websites of the above 
universities. An evaluation criteria was used to collect the 
relevant data and the collected data were tabulated, analysed 
and interpreted to compare the present digital reference service 
of the above selected universities.

Kumah6 compared the use of Internet and library of 
graduate students in the University of Ghana. A convenient 
sampling technique was used to select the sample for the 
study. 93.3 per cent of the respondents answered positive 
regarding their use of library; 98.8 per cent of the respondents 
use Internet; and lastly Other source of information used by 
the graduate students which includes media, interaction with 
experts, etc. It was found in his study that 72 per cent of the 
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Decentralized Administration in Disauise of Centralized Finance: 

A hindrance for Integrated Rural Development 

Amit Kum�r Ash 

Abstract: Despite the voluminous research works by 

the scholars on Panchayat and rural development, little 

is known about the financial autonomy of the grass 

roots democratic bodies, which are the central concern 

in the process of rural development. After the 
enactment of 73rd constitutional Amendment Act, PRIs 

bodies has been established almost all parts of the 

country, but endeavor of decentralization for the 

socioeconomic upliftment of the poorest of the poor 

has been hindered in the context of the centralized 

financial system in these bodies. The present paper is 

a modest attempt to review the current role performance 
of these infantile decentralized democratic bodies in 

perspective of the centralized financial system, and to 

suggest measures for regalvanising the existing 

financial structure for strengthening their financial 

stability so that PRIs would be established as a unique 

unit of integrated rural development. 

Keywords: Panchayat Finance, Panchayat Autonomy. 

Introduction : In the recent years, the process of 

decentralization has taken an important role in matters 

of governance in developing countries. Decentrali 

zation now reflects in most of the developing countries 

as a broader process of Political economic reforms. 

Though there was a legacy of local government in 

pre-independence India, India has constitutionally 

adopted decentralized governance in 1992. After 

enactment of 73rd Amendment Act, 1992 now the 

Panchayat Raj Institutions (PRIs) are regarded as the 

third layer of government in rural India after Union 

and States. 73rd constitutional amendment brings a 

tectonic shift in the process of decentralization in rural 

India.As a result of this amendment lots of positive 

things happen such as- setting up of State Finance 

Commission, regular elections of PRIs by State 

Election Commission, representation of the weaker 

section, constitutional status of PRIs, etc. AIl these 

things have given special dignity to rural local 

governance in India (Chottopadhyay, 2013). 

At present Panchayat has taken an indispensable 

past of rural development in all over the India. Huge 

money taken from Central as well as State Government 

is spent by the hand of Panchayat for rural 

development. But problem is that Panchayat is facing 
challenges for integrated rural development due to 
lack of Own Source Revenue (OSR). The notion of 

local government-local development in accordance 
with local needs and local resources- has not been 

Amit Kumar Ash : Assistant Professor, Dept. of Political Science, Vivekananda Mahavidyalaya, Burdwan-713 103 
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Over the last few decades Corporate Social Responsibility (CSR) disclosures becomes a powerful driver of 

overall stakeholders’ development while the relationship between CSR and its performance have provided 

conflicting results due to the most used intersecting circles representation of assessment of CSR. This study fills 

in an important gap by analyzing the framework of CSR assessment practices on identification of five criteria 

and seventeen indicators encompassing the strategies of accountability, transparency and compliance of CSR. 

To achieve the goal of CSR the strategies have been defined in connection with different literatures and 

quaternary survey for criteria selection while the criteria expressed in a fuzzy horizon. This MCDM model has 

been solved using a fuzzy analytical networking process and balanced scorecard method to develop selection 

strategy and criteria for CSR impost. The paper’s outcomes help administrators of corporate sectors, particularly 

in developing countries, to follow sustainable actions as CSR providers effectively and to expertise a significant 

reasonable advantage. The findings exposed the CSR assessment structure and interrelationships among BSC 

perspectives/criteria and indicators on which managers are needed to emphasize to get optimum CSR 

performance. In this study the most important strategy and criteria to perform optimum CSR level are 

‘accountability of CSR project’ as best strategy and “Project team work, incentives, Environmental resources, 

Communication for motivation, Reporting initiative of Stockholders, CSR project with stockholder capital, 

Strategic governance, Mission sustainability, political role, Human resources”, respectively are criteria. 

 

Keywords: Corporate Social Responsibility (CSR); Criteria; Strategy; Fuzzy Analytical Networking 

Process (F-ANP); Balanced Scorecard (BSC). 
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Abstract. The long-term evolution of multi agent multi criteria decision making (MCDM) and to 
obtain sustainable decision a novel methodology is proposed based on evolutionary game theory. 
In this paper multi agent MCDM is represented as an evolutionary game and the evolutionary 
strategies are defined as sustainable decisions. Here we consider the problem of decision making 
in Indian Tea Industry. The agents in this game are essentially Indian Tea Estate owner and Indian 
Tea board. The replicator dynamics of the evolutionary game are studied to obtain evolutionary 
strategies which could be defined as sustainable strategies. The multi agent MCDM in Indian Tea 
Industry is considered under different socio-political and Corporate Social Responsibility scenario 
and groups of Indian Tea Industry. Again, the impacts of imprecision and market volatility on the 
outcome of some strategies (decisions) are studied. In this paper the imprecision on the impact of 
the strategies are modelled as fuzzy numbers whereas the market volatility is taken into account as 
white noise. Hence the MCDM problem for Indian Tea Industry is modelled as a hybrid evolution-
ary game. The probabilities of strategies are obtained by solving hybrid evolutionary game and could 
be represented as a Dempster-Shafer belief structure. The simulation results facilitate the Decision 
Makers to choose the strategies (decisions) under different type of uncertainty.

Keywords: MCDM in Indian Tea Industry, Evolutionary Game, Evolutionary stable strategies, 
Sustainable solution to MCDM, Uncertain Evolutionary game, Strategies under uncertainty, Sus-
tainable development with CSR. 

JEL Classification: C72, C73, D81, G34.

Introduction

Any multi agent MCDM problem involves simultaneous decision making which could be 
set-up as a game problem where the criteria and alternatives can be considered as strategies 
of the agents (players). MCDM is a method to select most convenient alternative among 
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barks were found in different colour in different season, Primarily the colour was green and in course of time 
the colour had been  changed to yellow to deep orange depend upon the host or substratum. Yellow  colour  
noticed especially in smooth bark whereas orange colour in rough bark. Survey explore the distribution 
specificity and physiological alteration of the organism in different season which gives us a clue in respective 
niche .Observation is given accordingly. Sunlight, relative humidity, and rainfall were the important factors 
which played a major role in determining the diversity and distribution of subaerial algal communities

Rock- sample : Green form 

Plant body with less branched or unbranched, Cells are elliptical or barrel shaped, length is more than 
two times than width L. 29-37 µm, W.8-12 µm  , cell wall is much stratified , Partitioned wall more or less 
transverse, no constriction. Cell contains distinct discoid chloroplast. Mature intercalary cells containing 
spherical  aplanospore.

Field No.  PM 19 ,Dated 05.9.2017 , pH 6.5 , temperature 230 C ,  PM 37 ,Dated 05.12..2018 , pH 6 , 
temperature 160 C Locality : Burdwan 

Tree bark - sample : Green form

Plant body with  branched habit, Cells are markedly moniliform , celle length is 21-27 µm and width 
13-15 µm, sometimes  length is more or less same as width.   Cell wall is not stratified, showing distinct 
constriction containing distinct discoid chloroplast. Cell contains distinct parietal laminate  chloroplast. 
Terminal and intercalary cells are involved for the formation of aplanospore.
Field No.  PM 23 ,Dated 05.9.2017 , pH 6.5 , temperature 230 C ,  PM 46 ,Dated 05.12..2018 , pH 6 , 
temperature 160 C Locality : Burdwan 

Rock- sample : Red form
 

Plant body unbranched or very few lateral short branched , cells fusiform ,lenght is 31-36 µm and 
width 11-12 µm, Cell wall is stratified, partition wall with short constriction Cell containing compact discoid 
chloroplast with  good haematochrome pigment. Lateral cell is isodiametric
Field No.  PM  51, Dated 06.01.2018  , pH 6 , temperature 130 C ,  PM 62 ,Dated 27.02..2018 , pH 6 , 
temperature 150 C Locality : Burdwan 

Tree bark - sample : Green form

Plant body  with short lateral branched  , cells  typical moniliform  ,lenght is 20--22 µm and width 13-
16 µm, Cell wall is  less stratified, partition wall with deep constriction Cell containing parietal laminate  
chloroplast with  good haematochrome pigment. Lateral cell is developed sporangium.
Field No.  PM  64, Dated 06.01.2018  , pH 6 , temperature 110 C ,  PM 67 ,Dated 27.02..2018 , pH 6.5 , 
temperature 170 C Locality : Burdwan 
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Abstract

Habitat is the very important aspect of all living creatures,  starts from animals to plants and from 
cryptogams to phanerogams. Algae are the very promising biological organism in all ecosystem especially in   
marine or fresh water habitat but also  even in terrestrial -sub aerial habitat. Terrestrial habitat is basically 
depend upon some basic component like minerals nutrients, organic matter, water and air by different 
composition and sub aerial habitats depend upon the existing substratum.  The present communication deals 
with four different form  of  genus Physolinum Printz . Taxa has great diversity in their habitats and also their 
morphological character , pigment composition and growth pattern . Habitat diversity is not yet reported from 
this area.

Key words : Physolinum , Habitat Diversity, Burdwan

Introduction 

Habitat diversity and its ecological significance starts from the nineteenth century Hariot (1889), 
Printz (1920) Brook (1981). Great contribution had been done by the sub aerial and others divers habitats by 
Thompson and Wujek (1997), Neustupa (2005) and Rindi et al (2006). Significant effort were carried out in 
subtropical and temperate forest by Handa and Nakano (1998), Mikhailyuk (1999), Kharkongor and  
Ramanujam (2014). In Indian context very little bit work have been done by few workers in different states 
Bruhl and Biswas (1923), Panikkar and Sindhu (1993), Chandra and Krishnamurthy (2000) and Saharia 
(2005). The district Barddhaman is a transitional zone between the Bihar plateau, which constitutes a portion of 
peninsular shield in the west and the Ganga-Brahmaputra alluvial plain in the north and east Towards south,  
the alluvial plain merges with the Kasi-Subarnarekha·Baitarani deltaic plains. This district lies mainly between 
the Ajoy, the Bhagirathi and the Damodar rivers. It is bounded on the north by the districts of Santal Pargonas, 
Birbhum and Murshidabad, on the east by  Nadia. on the south by Hooghly, Bankura and Purulia an on the west 
by Dhanbad (Bihar) Geographically the district is located between north latitude  22°56' to 23° 53' and east 
longitude 86° 48' to 88° 25'. The present area of the district is 7001.4 sq km. Climate condition of the district is 
warm and humid. The genus Physolinum is the most common sub-aerial alga in both tropical and temperate 
climate., I have been collected this taxa  from cementing rock and  bark of the tree. Both habitats having 
different colour composition in different time of the season, In early winter the colour of the alga is green but in 
mid winter the colour would change into orange red. Cellular composition and size variants is also good 
observation in this study.

Material and Method 

The specimens were collected from different sub aerial habitats of Burdwan district of west Bengal. 
Specimens were preserved in 4% formalin; pH, temperature and details ecological notes were recorded 
simultaneously.  Photography were made using GWF (Bando 1988) as mountant from both preserved and live 
specimens. Microphotograph were taken by Leica DM 1000 with EC 4 camera. Standard literature are 
consulted for this purpose, Fritsch (1935), Smith (1950), and Wehr and Sheath (2003) .

Results and Discussion

Tree bark and cementing wall is the very common place for the growth of the  subaerial plant. Tree 
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Abstract : Emulsions of Silver nanoparticles (Ag NPs) were synthesized using a facile, single step, and completely green 

biosynthetic method employing aqueous leaf and fruit extracts of Putranjiva (Drypetes roxburgii) as both the reducing as well as 

capping agent. The kinetics of nanoparticle formation was also monitored by Ultraviolet–Visible (UV–Vis) spectrophotometric 

study. Aqueous leaf extract of Putranjiva can reduce silver ions more rapidly than aqueous fruit extract, leading to the formation of 

highly crystalline nanoemulsion of silver. With varying synthetic conditions like extract concentrations or precursor concentrations, 

the shape and sizes of the Ag NPs varies. The morphology and crystalline phase of the NPs were determined from High Resolution 

Transmission Electron Microscopy (HR-TEM), Energy Dispersive X-ray (EDX) analysis, X-ray Diffraction (XRD) analyses. The 

various phytochemicals present within the Putranjiva plant parts result in effective reduction of silver precursor to nanocrystal. In 

addition to that, the chemical frameworks of these biogenic molecules are also effective at wrapping around the NPs to provide 

excellent robustness against agglomeration. Fourier Transform Infra-Red spectroscopic (FTIR) analysis was performed to gather 

information about the chemical framework. A rigorous study has been performed for procedure optimization by varying different 

parameters to get most effective stable nanoparticle synthetic protocol.   

 

Index Terms : Silver nanoemulsion, Biogenic synthesis, Putranjiva, Protocol optimization 

 

I.  INTRODUCTION 

 

A variety of devices and structures generally ranging from 1 to 100 nm are designated as nanomaterials, those have offered 

exceptional chemical, optical, magnetic, photoelectrochemical and electronic properties distinctly different from bulk structures 

(Campbell et.al. 2002, Jain et. al. 2007). The nanoparticles (NP) of noble metals are found to have potential applications in various 

fields like sensor technology (Nouailhat 2008, Ren et.al. 2005), optical devices (Kamat 2002), catalysis (Liu and Croma 2018), 

biological labeling (Agasti et.al. 2010), drug delivery system [Liu et.al 2016], and treatment of some cancers (Aslan et. al. 2013, 

Benelli 2016). Hence, noble metal nanomaterials are at the leading edge of the rapidly developing field of nanotechnology. The 

sizes, crystal structures, controlled monodispersity and stabilization are the critical factors for specific properties of nanoparticles 

[Rao et.al. 2002]. Numerous chemical and physical methodologies have been formulated in the recent past, to synthesize noble 

metal and several other nanostructured materials [Cushing et. al. 2004, Sun et. al. 2002]. 

 

An enormously grown interest on this area has led to considerable concern about some of those established synthetic methods. 

With the development of newer chemical methods, the concern for environmental contaminations is also heightened besides the 

laborious and expensive chemical procedures those also generate a large amount of hazardous byproducts. This in turn can cause 

contamination of the nanoparticle surface, leading to adverse effects in medical applications [Shankar et. al. 2004]. On the other 

hand, physical synthetic methods are problematic due to the enormous consumption of energy required to maintain the high 

temperature and pressure conditions needed, that restrict the usefulness of these methods too. Thus, a steady need for effective green 

synthetic protocol has been generated for a clean, environmentally benign but facile method of nanoparticle synthesis.  

 

For green synthesis, the principles include the use of less toxic precursors to prepare nanomaterials; the use of water as a solvent 

where possible; using the least number of reagents and as few synthetic steps as possible; reducing the amount of by-products and 

waste; and using a reaction temperature close to room temperature. As a fruitful alternative to the conventional methods, biological 

methods using sources ranging from unicellular organisms to higher plants fulfill almost all the requisite conditions and are 

considered safe and ecologically sound for the nanomaterial fabrication [Murphy, 2008]. The contemporary challenge is to find out 

desired ingredients from efficient biogenic sources and the suitable conditions for tailored nanomaterial synthesis.   
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Abstract In this work, a water-soluble gold nanoparticle-encapsulated polyaniline nanocomposite

(AuNP-PANI) was prepared in the presence of an ionic surfactant such as cetyltrimethylammonium

bromide (CTAB) using versatile two steps method. The prepared nanoparticles (AuNPs) were char-

acterized by UV–Visible spectroscopy, Transmission Electron Microscope (TEM) and Dynamic

Light Scattering (DLS). The nanocomposite (AuNP-PANI) were initially characterized using

UV–Visible spectroscopy, Transmission Electron Microscope (TEM), Scanning Transmission Elec-

tron Microscope (STEM) and DLS. The structure and composition of AuNP-PANI further char-

acterized using Fourier Transmission Infrared Spectroscopy (FTIR), X-ray diffraction study

(XRD), Energy Dispersive X-ray Spectroscopy (EDS) and Thermogravimetric analysis (TGA).

Electrochemical properties of AuNP-PANI were studied using Cyclic Voltammetry (CV). The pre-

pared nanocomposite exhibited good surface enhanced Raman scattering (SERS) of 4-amino thio-

phenol (4-ATP) and 4- (dimethyl amino) pyridine (4-DMAP) for which the enhancement factor

(EF) were found to be1.95 � 105 and 2.016 � 105, respectively. The nanocomposite also showed

excellent catalytic activity for the chemical degradation of Congo red (CR) and methylene blue

(MB) as evidenced from the calculated rate constants which were determined to be 0.30 s�1 and

0.33 s�1, respectively.
� 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Multifunctional metal nanoparticles such as gold (Bogdanovic´
et al., 2014; Cui et al., 2012), copper (Bogdanovic´ et al., 2015),
silver (Blinova et al., 2009), palladium (Mullane et al., 2004),

platinum (Islam et al., 2011) and nickel (Zhang et al., 2015)
as well as graphene oxide (Zeng et al., 2018) have been recently
reported to combined with polyaniline (PANI) to obtain new
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Abstract 

There are so many databases in the world for retrieval of 

information from e-resources. This research paper analyses ERIC, 

CORE, PDF Drive and Project Gutenberg for retrieval of e-

resources. Here everything was analyzed on the basis of some 

observation and collected data were tabulated for analysis. This 

paper includes brief description about ERIC, CORE, PDF Drive 

and Project Gutenberg and screenshots of normal search, advanced 

search and use of fuzzy logic. This research reflects that none of 

the databases under study achieved full score found that ERIC 

ranked the first position. 

Keywords: Educational resources; ERIC; CORE; PDFdrive; Project Gutenberg   

1. Introduction 

We are living in the information age now. The 21st Century is the time of information explosion 

and our life is very fast. Each and everyone wants to get anything he requires without sparing 

time or in some cases by spending a little time. At present most of the work can be done through 

online. Searching and retrieval of document (Information) is not the exception. 

Any type of document may be treated as information source as the document gives the 

information. It is a record of human knowledge, observation and thoughts available in many 

forms and formats. It has two components, such as conduit and content. Conduit is the physical 

facilities used for gathering, storing, processing and disseminating information where as Content 

is the information sources and elements (Mukhopadhyay, 2013). 

With the advent of Information Communication Technology (ICT) and also the World Wide Web 

(www), maximum of the information are available by a single click, i.e. by online search (In 

which process interactive searching and retrieval of requested information is available via 

computer from online database, is called Online Search) (Wiki, 2018). 

My study based on the following four online databases which provides electronic resources 

freely to the users: 





Stabilization of ZrO2 matrix: Revisiting the ‘archaic’ issue with a
peculiar example

Kundan Kumar a,1, Hema Dutta b,1, Swapan Kumar Pradhan c,⁎, Anirban Chowdhury a,⁎
a Metallurgical and Materials Engineering, Indian Institute of Technology Patna, Bihta, Bihar 801103, India
b Department of Physics, Vivekananda College, Burdwan, West Bengal 713103, India
c Materials Science Division, Department of Physics, The University of Burdwan, Golapbag, Burdwan, West Bengal 713104, India

a b s t r a c ta r t i c l e i n f o

Article history:
Received 17 October 2018
Accepted 1 December 2018
Available online xxxx

Theories/mechanisms involving stabilization pathways for zirconia systems involve conflicting arguments. The
presentwork explainswhy the oxygen vacancy factor should not be treated as the ‘universal’mechanism always;
the role of the dopantmetal cation also needs a renewed attention. Our studies on Zn2+-doped ZrO2 systemfinds
that an easy (and fast) transformation tomonoclinic phase is noted due to the instabilities of O\\O bond lengths
(2.67 Å and 2.59 Å) in the horizontal and vertical planes of the ZrO6 octahedra, thereby, triggering a prompt con-
version of an otherwise stable (cubic/tetragonal) ZrO2 to monoclinic within a narrow temperature window
(500–750 °C).

© 2018 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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Zirconia, one of the most studied engineering materials for last few
decades, earned the name of “ceramic steel” [1,2] due to the similarity
of Young's modulus values (~200 GPa; between ZrO2 and steel); thus
making it an extremely popular material in materials community. The
potential applicability of ZrO2 for structural and functional applications
makes the system relevant in various fields like fuel cells, tribological,
dental applications etc. [2–4]. The cubic and tetragonal forms of ZrO2

have been made stable at room temperature by doping with some
other oxides, e.g., CaO, MgO, Y2O3, CeO2, Gd2O3 etc. [5,6]. It has been re-
ported that in the monoclinic phase ‘Zr’ atoms favors a seven fold coor-
dination while eight fold coordination is preferred for the cases of
dopant-stabilized tetragonal and cubic phase [7]. Although a variety of
dopants have been tried for stabilizing the zirconia system, Zn2+ does
not find much attention as of now. Also, the ionic radii for Zr4+ (0.84
Å) and Zn2+ (0.9 Å) ions are close to each other for eight-fold coordina-
tion. So, the incorporation of Zn2+ ions into ZrO2 lattice, in principle,
should also lead to a stable system andmay possess some special prop-
erty/features.

Most of the reports published on ZnO doped ZrO2 systems have fo-
cused mainly in the field of catalysis and have shown heterogeneous
phase mixture [8,9]; i.e., the respective unary members (i.e., ZnO and
ZrO2) retained individual identity. Our approach of present work aims
at explaining such phenomena, i.e., the importance of the role of the

dopant metal cation in stabilizing a zirconia matrix. In the present
work, ZnO doped ZrO2 systems (ZZO) varying Zn/Zr molar ratios via
co-precipitation route have been prepared to study the role of Zn2+ in
stabilizing the zirconia matrix. The observations in our previous work
[10] were unique in this context; no other dopant/s (e.g., Y2O3, MgO,
CaO etc.) used for stabilizing ZrO2 structure has depicted similar behav-
ior before. A ZnO-stabilized ZrO2 matrix that crystallizes at 500 °C (in a
pseudo-cubic form) and becomes unstable beyond 700 °C (formation of
significant monoclinic zirconia) raises the question on the role played
by a dopant metal ion, itself. Through this work, we intend to address
such issues and explain the underlyingmechanismbehind the stabiliza-
tion/destabilization of the ZrO2 phase in ZZO system.

Co-precipitation method was used to synthesize various composi-
tions of the ZnxZr1−xOδ system (x = 0.1, 0.15 and 0.2); the samples
are coded as ZZ10 (Zn0.1Zr0.9Oδ), ZZ15 (Zn0.15Zr0.85Oδ) and ZZ20
(Zn0.2Zr0.8Oδ) throughout this paper. The experimental process has
been outlined elsewhere [10]. The obtained precipitates were dried
and calcined at various temperatures for 2 h. The samples have been
designated as ‘ZZO or ZZ (10, 15 and 20)-Calcination temperature (in
°C)’ (e.g., ZZO-500, ZZO-750, ZZ10–500) throughout this paper.

An X-ray powder diffractometer (Bruker; Model D8 Advance with
DaVinci) operated at 40 kV and 40 mA generating CuKα radiation was
used to obtain XRD data of all prepared samples. The diffracted intensi-
ties were collected in step-scan mode (step size 2θ = 0.02°; counting
time 30s per step) in the angular range 2θ = 20–80°. Raman spectra
were collected using Raman spectrophotometer (Seki Technotron Cor-
poration, STR 750, Japan). Inductively coupled plasma optical emission
spectroscopy (ICP-OES, Varian 720-ES) was used for the elemental
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Abstract- In this research work, nanocrystalline cubic (c) zirconia was synthesized by mechanical alloying 
monoclinic (m) ZrO2-CeO2 powder mixture (0.9: 0.1molar ratio) using high-energy planetary ball mill. X-ray 
powder diffraction (XRD) patterns of ball-milled powders reveal that the mechanical alloying technology was 
effective to synthesize stable cubic (c) zirconia phase within a short milling time. Structural and microstructural 
changes of different phases and relative phase abundances have been estimated by adopting Rietveld analysis of 
XRD data. Output results of Rietveld analysis are used to explain the formation mechanism. The average 
crystallite sizes of cubic zirconia are between 5 to 8 nm. After 8h of ball milling, c- ZrO2 becomes the major 
phase with some minor contribution of m-ZrO2 phase so that the final ball-milled product is recognized as nano-
dimensional partially stabilized zirconia (PSZ) ceramic. Finally, HRTEM study of 8h ball-milled powder mixture 
corroborates with the results as obtained by the Rietveld analysis of XRD data. 

Index Terms- Ball milling; Rietveld analysis; cubic ZrO2; Nanoparticles.   

1.  INTRODUCTION 

In recent years, the high-energy ball milling method 

has received considerable attention basically for (i) 

producing nanoparticles with enhanced surface 

reactivity  (ii) amorphization of powder sample (iii) 

polymorphic and other types of phase transitions, (iv) 

producing metal–metal, metal–ceramic or ceramic–

ceramic nanocomposites [1-5]. The materials transfer 

by diffusion of components during ball milling 

provides the way to new phase formation. This solid-

state technique is especially useful for synthesizing 

those compounds that are difficult to prepare in the 

conventional process due to the requirement of high 

pressure or temperature. In the present study, the ball-

milling method has been employed for stabilization of 

Zirconia phase by CeO2 doping. Rietveld‟s whole 

profile fitting method is adopted for microstructure 

characterization of the prepared nanocrystalline PSZ 

powders. Rietveld refinement method based on 

pseudo-Voigt analytical function can successfully be 

applied for phase quantification as well as 

microstructure characterization of a multiphase 

material. 

 

Pure, undoped zirconia exists in three polymorphs: 

monoclinic (space group: P21/c) from room 

temperature to 1440K, tetragonal (space group: 

P42/nmc) between 1440 and 2650K and cubic (space 

group: Fm ̅m) up to the melting point of 2950K. 

Being stabilized in the cubic phase, zirconia has a 

wide range of technological applications as structural 

ceramics [6, 7]. These materials exhibit a high ionic 

conductivity at high temperatures allowing their use in 

fuel cells, oxygen sensors, oxygen pumps etc [8].  

 

 

 

The purpose of the present research work is (i) to 

prepare nanocrystalline PSZ at room temperature by 

high energy ball milling, adding CeO2 as a dopant and 

(ii) to characterize prepared materials in terms of 

several microstructural defect parameters by analyzing 

X-ray diffraction profiles with Rietveld‟s powder 

structure refinement method. (iii) to find out direct 

supportive evidence of XRD pattern analysis method 

by HRTEM study. 

2. EXPERIMENTAL 

Mechanical alloying was executed by a high-energy 

planetary ball mill (Model-P5, M/s FRITSCH, GmbH, 

Germany). Monoclinic ZrO2 and CeO2 powders were 

mixed in a required molar ratio (0.9:0.1) and the 

starting ingredients were sealed in a chrome steel vial 

containing chrome steel balls. The ball-to-powder 

weight ratio (BPWR) was kept at 40:1. Milled powder 

was collected from the vial after a selected milling 

time interval varying from 1h to 8h. Step-scan XRD 

data (step size 0.02
o
 2) of unmilled and all ball milled 

powders were recorded from an X-ray powder 

diffractometer (Panalytical; Model PW1830) with Ni-

filtered CuK radiation. The 8h ball milled powder 

was finely dispersed in alcohol and a tiny drop of the 

solution then taken on a carbon-coated Cu-grid of 

TEM. The TEM was operated at 200KV (Model HR-

TEM, JEOL JEM 2100) for obtaining well-resolved 

TEM micrographs of nanocrystalline ZrO2 particles. 

 

3. EVOLUTION OF MICROSTRUCTURE BY X-

RAY POWDER DIFFRACTION  

In the present study, Rietveld‟s whole profile fitting 

method has been successfully adopted employing 
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Dose-dependent Pupicidal, Adulticidal and Ovicidal activities of leaf extracts 
of Tiliacora acuminata on Japanese encephalitis vector Culex vishnui group 
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Abstract: Vector of Japanese encephalitis is Culex vishnui group of mosquito and control of that mosquito is 
facing threat due to emergence of resistance to synthetic insecticides. Insecticides of plant origin now act as suitable 
alternate for control of JE vector. To investigate dose-dependent pupicidal, adulticidal and ovicidal activities, crude 
and acetone extracts of leaf of Tiliacora acuminata were used against Cx. vishnui group of mosquito. In case of 
dose-dependent pupicidal activity, highest mortality observed at 1.5% concentration of crude extract and 75 ppm of 
acetone extract with 45.67% and 67.67% mortality respectively after 36 h of exposure followed by 24h and 12h. In 
case of adulticidal activity, highest mortality in crude extract was observed at 2.5% concentration with 73% of adult 
mosquitoes were dead, but in acetone extract at 120 ppm concentration shows nearly about 67% mortality of adult 
mosquitoes after 24 h of exposure. While in ovicidal activity at 0.5% crude extract have 11.67% egg hatching so 
nearly about 88.33% ovicidal activity takes place at this concentration. In acetone extract, there was nearly about 
93.33% ovicidal activities at 55 ppm concentration. So leaf extracts of T. acuminata may be used as better pupicidal, 
adulticidal and ovicidal plant origin insecticide for control of Cx. vishnui group of mosquito. Further research is 
required to isolate and characterize the active principle of T. acuminata plant leaf extract. 
 

Keywords: Tiliacora acuminate, Culex vishnui group, Pupicidal, Adulticidal and Ovicidal activity. 
  
 
1. Introduction 
 

Mosquito, the term derived from the Sanskrit word 
ʺMasakʺ, is a notorious creature because they pierce the 
host’s skin for consumption of blood.  

According to NVBDCP (National Vector Borne 
Disease Control Programme) under The Ministry of 
Health and Family Welfare, Government of India, 
Culex vishnui group (Culex tritaeniorhynchus, Culex 
vishnui and Culex pseudovishnui) is the chief vectors of 
JE in different parts of India. Cx. vishnui breeds 
preferably in the stagnant water of rice fields. 

Japanese encephalitis which is previously known 
as Japanese B encephalitis caused by the mosquito-
borne Japanese encephalitis virus.1  

Symptoms of most JE virus infections are moderate 
fever and headache but in some instances without any 
significant symptoms. The extreme symptoms of the 
disease are characterized by quick start of high fever, 
headache, neck stiffness, coma, seizures, spastic 
paralysis and death. Spreading of JE in new area has 
been associated with extensive rice cultivation 
especially by irrigation schedule.2  

A multitude of prevention and control strategies 
have been developed against Japanese encephalitis such 
as proper treatment of affected person, vaccination and 
control of vector population to inhibit the transmission 
of JE virus. We must take special emphasis on the third 
strategy to eradicate the spreading of JE. 

From very ancient period’s practice of using 
different synthetic insecticides to control mosquito 
population is a common phenomenon in Cosmo tropical 
areas. But in the recent year, their use declines 
drastically in many countries due to the appearance of 
insect resistance, biomagnification through food chain 
and non-biodegradable properties.  

In the recent past, natural product of plant origin is 
experimentally used to control varieties of insect pest or 
vectors.  

The extract which bears the active components of 
plants is applied for mosquito control programming. 
Repellent, ovipositional attractants, deterrent and insect 
growth hormone regulator activity of different plant 
extracts have been reported from the work of different 
authors.3,4,5 Some phytochemicals act as growth, 
development inhibitor, chemosterilant and repellent or 

https://e-journal.sospublication.co.in
mailto:someshbio@gmail.com.
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রযোহ্ጰো আ্মহযচয় ংকট ও রযোহ্ጰো ভযো হনযনন বোযনতয বহূভকো 
রখ আহপ ইকফোর 

কোযী অধযোক, ইহতো হফবোগ, হফনফকোন্ম ভোহফদযোরয়, ফধধভোন, হিভফ্ጰ, বোযত 

Abs tr act 

       In the south-east Asia Rohingya issue has given seminal importance in the social, 

political as well as religion perspective.  Due to being deported from previously known as 

Burma or modern-day Myanmar, Rohingyas are taking shelter in neighboring countries. 

They are one of the oldest inhabitants of Myanmar, but according to Myanmar, they are 

‘Bengalee’ and they have migrated from Bangladesh and illegally settled in Myanmar. By 
showing this reason, the citizenship of Rohingyas was canceled according to the Myanmar 

Citizenship Act of 1982. However historians say that the Rohingya lived in the Arakan 

region since the eighth century. Rohingya Muslims also participated in Burmese's 

independence movement evenly with the Burmese. By the principle of ‘Divide and Rule', 

under the rule of imperialism, the English sowed the seeds of divisions among the people 

living in Burma. On January 4, 1948 Burma gained independence. Rohingya or Arakanese 

Muslims were not included in the Constitution of Myanmar, 1947 though one hundred forty 

tribes of Burma were included in the Constitution. Displaced from their origin a large 

number of Rohingya enter India, apart from taking shelter in different neighboring 

countries. India has to make decisions regarding Rohingya, keeping in mind the importance 

of India's internal security and friendly relations with Myanmar. In the international stage 

India is taking decision to keep the balance in respect of international relationship. India is 

trying to solve the problem by social development of the Rakhine region. 
 

Keywords: Rohingya, Refugee, Rakhine, Myanmar Citizenship Act of 1982, Kaladan 

Multi-Modal Transit Transport Project, United Nations, Kofi Annan Commission. 
 

     ফতধভোন হফনে হফনল কনয ূফধ এহয়োয অনযতভ আনরোচয হফলয় র রযোহ্ጰো উ্মোᎎ ভযো। রযোহ্ጰোযো হিভ 

যোখোইন ্নদনয উ্তযোংন ফফোকোযী একহট জোহতনগো্ষী। ধনভধয হফেোন এযো অহধকোংই ভুরভোন। আজনকয 

যোখোইন যোজয হছর ইহতোনয আযকোন যোজয, মোয অংন হছর ফৃ্তয চ্ጾ্ষোনভয একোং এফং রপনী ও রনোয়োখোরী 
অং।১

 ধোযণো কযো য় রযোহ্ጰো নোভহট এননছ আযোকোননয যোজধোনী ররোং রথনক, ররোং> রযোয়োং> রযোয়োইহ্ጰয়ো> 
রযোহ্ጰো।২  আযোকোন রযোো্ጰ নোনভও হযহচত। তখনকোয কহফ-োহহতযনকযো আযোকোননক রযোো্ጰ যোজ ফনর 

অহবহত কনযনছন। হফনল কনয আরোওর, ভগন ঠোকুয, রদৌরত কোহজ ্ভুনখয ররখোয় রযোো্ጰ নেয উনেখ 

আনছ।৩
 ১৬ তনকয কহফ রদৌরত কোজীয ‘তী ভয়নো ররোয চ্াোনী’ কোনফয রযোো্ጰ যোজ ফো আযোকোননয হযচয় 
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বর্ধমান জেলার জকাললয়ালর ্፦লমক সং্ষাম : একলি পর্ধাললাচনা 
স্ጺীবন মহলদার 

সহকারী অর্যাপক, লবলবকান্ম মহালবদযালয়, বর্ধমান, পলিমব্ট, ভারত 
Abstract 

The extensive area of Asansol and Durgapur is often considered as the coal mining regions 

of Burdwan district. In the Colonial regime of India, these evolved a particular social class 

who were known as the working class. This working class which mostly comprised of 

Bauris, Nunias, Chamars, Koris, Bhiyas, Ghatwals, Turi, Teli, Jolaha, Kahar, Kalwar, 

Dosadhs were the most important. All miners started working in these mines in lieu of very 

low wages. Right from the beginning, both the local and the migrated workers were 

constantly and consistently exploited and this gradually gave rise to defiance and rebellions 

amongst them. This rebellions activities of the working classes were very much discernible 

even during the non-cooperation movement. Names like Bankim Mukherjee and then Bijoy 

Paul became pioneering landmarks in the history of Trade Union Movements in Asansol. 

Deben Sen was yet another reactionary whose able leadership was instrumental in 

moulding the coal miners rebellion afresh and contributed largely to its proper growth. The 

anger and discontent of the coal miners was greatly invigoratated and instigated by the fact 

that despite constant protests. The Coal-miners were still under the brunt of exploitation 

even after independence. This anger and contempt of the workers was shaped responsibly 

by the trade union—AITUN, INTUC, CITU, Hind Mazdoor Sabha. The present researcher 

intends to investigate the various hues and aspects of this organized movement under the 

responsible direction of the Trade Union; viz., the origin of the movement, its causes, the 

owner-labourer relationship, the socio-economic and political consciousness of the 

workers, the spirit and fervour of the rebellion, the relation between the Govt. and the 

owners of Coal mines, and the analysis of the role of the trade unions in organizing these 

movements. 
 

Keywords: Coal mines, working class, oppression, protest, trade union. 
 

     লিলিশ ঔপলনলবলশক শাসলন ভারতবলষধ ঊনলবংশ শতলকর লিতীয়ার্ধ জেলক আরু্লনক লশ্ায়লনর সূ্ፔপাত। তার 
ফলল নতুন একলি সামালেক জ্፦লির উ্ፓব ঘলি, র্ারা ্፦ম লবলি কলর মেুলরর লবলনমলয়, তারা ্፦লমক জ্፦লি লহসালব 
পলরলচত। ঔপলনলবলশক অেধনীলতর ফলল ভারতবলষধর সবধ়্লরর মানুষ জশালষত ও অতযাচালরত হলিল। ্፦লমকল্፦লিও 
তার বাইলর লিল না। লবলভ্ন পলরলিলত ও ঘিনার ঘাত-্লতঘালত এলদলশর মানুলষর মলর্য সা্፞ােযবাদ লবলরার্ী 
জচতনা গলে উলেলিল। তার ফলল ্লতবাদ ও ্লতলরার্ আল্মালনও শুরু হলয় র্ায়। ্፦লমকল্፦লি এই সং্ষালম 

http://www.thecho.in/
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Microstructure and Electrical Characterization of Thermoelectric Nanocrystalline Bi2Te3 
Synthesized by Mechanical Alloying
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Nanocrystalline bismuth telluride, Bi2Te3 has been synthesized by mechanical alloying (MA) the 
powder mixture composed of Bi and Te in the inert gas atmosphere within a short duration of 15 min. 
Microstructure characterization of the prepared powder has been investigated adopting the Rietveld’s 
method using X-Ray diffraction (XRD) data and analyzing high-resolution transmission electron 
microscopy (HRTEM) images. The XRD pattern of 15 min milled powder is composed of reflections of 
major Bi2Te3 phase with other two minor phases. Detailed structural information of these minor phases 
has been reported here which was not explored in any previous works. XRD analysis reveals that the 
stoichiometric Bi2Te3 phase has been formed after 1h of milling and there is no phase transition up to 
10h of milling. HRTEM study also reveals the formation of single phase nanostructured Bi2Te3 phase. 
The DC (direct current) conductivities of 15min, 30min and 10h ball milled powders are measured 
within the temperature range of 359 to 633K. The electrical conductivity (σ) of Bi2Te3 indicates the 
semiconducting nature of the sample. There is no significant change of electrical conductivity of Bi2Te3 
phase since its formation after 15min to 10h of milling, as there is no noticeable change in crystallite size.

Keywords: Nanostructured materials, mechanical alloying, microstructure, X-ray diffraction, HRTEM.

*e-mail: skpradhan@phys.buruniv.ac.in

1. Introduction

As fossil fuel resources are becoming exhausted, 
thermoelectric (TE) devices, as alternative power resources 
have found their applications in power generators or cooling 
devices 1,2. Currently, due to relatively low efficiency and 
high cost, TE materials have limited applications. TE 
materials can play a vital role in energy conservation if 
efficient and stable novel materials can be prepared in a 
cost-effective way. Bismuth telluride based alloys are well 
known potential TE materials for near room temperature 
applications due to their low thermal conductivity and large 
Seebeck coefficient 3-5. Reducing the crystallite size of 
polycrystalline TE materials to the nano-scale has resulted 
in a significant reduction of the lattice thermal conductivity 
and improvement in the figure of merit 6, 7. Most of these 
advances are related to the use of nanostructures due to 
thermal conductivity reduction 8, 9. Alternatively, composite 
TE materials containing several phases may have higher 
efficiency introducing more interfaces leading to a decrease 
in the thermal conductivity. The aim of the present research 
work is the production of nanostructured bismuth telluride 
thermoelectric material in a low-cost method. For this 
purpose, we have employed the MA method to prepare 
nanocrystalline bismuth telluride alloy starting from an 
elemental powder mixture of Bi and Te at room temperature. 

This simple and cost-effective preparation route has the 
advantage to produce nano-dimensional Bi2Te3powder in 
large quantities in a very short duration of time. Although 
several reports on mechanosynthesis of single/composite TE 
materials have been published 10-14, the growth mechanism 
of bismuth telluride TE material synthesized by mechanical 
alloying (which may lead to the formation of nanocomposites 
including several constituent phases of the same family), 
has not been reported yet. Earlier review shows that during 
growth processBi2Te3 may co-exist with different high-pressure 
phases, which are still remained unidentified so far the 
structure report is concerned 15,16. In another work, synthesis 
of Bi2Te3was prepared by mechanical milling in a short time 
but the appearance of other phases in the XRD pattern was 
ignored and so the growth mechanism of stoichiometric 
Bi2Te3 phase remains unexplored 17. In the present work, XRD 
pattern analysis reveals that at relatively lower time milling 
(15min and 30 min) major rhombohedral Bi2Te3 phase has 
been formed along with a trace amount of two minor phases. 
Formations of such intermediate metastable high-pressure 
phases during mechanical alloying were already reported 
by ourselves 18,19. However, higher time of milling after 1h 
produces single phase nanocrystalline Bi2Te3, which remains 
stable up to 10h of milling. Detailed structural information 
of the hitherto unidentified phases evolved in the way of 
formation Bi2Te3has been reported in the present work.

aMaterials Science Division, Department of Physics, The University of Burdwan, Golapbag, Burdwan 713104, 
West Bengal, India

bDepartment of Physics, National Institute of Technology, Durgapur, West Bengal, India
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Highlights 

The paper highlights the designing of special logic circuits based on dual macrocyclic 

component inputs. 

The systems could be easily tuned to integrate multiple functionalities through direct 

modulation of the optical signals. 

For the first time, a memory device and a keypad lock as well have been designed operating 

through macrocyclic components. 

 

Abstract 

In continuation of our recent studies on the photophysics of a photodynamic therapeutic agent, 

harmine (HM) in model membrane, the present contribution highlights a new model to design 

multiple logic circuits, a memory device and a molecular lock regulated by dual macrocyclic 

components as chemical inputs. The unique reversible photoswitching regulated by 

macrocyclic components plays decisive role in the manifestation of the final outputs for the 

logic functions. Inspired by this phenomenon, herein, we are reporting the use of 

a photosensitizer molecule for designing of various logic circuits at molecular level with the 

intention to escalate the next generation molecular logic arena. For these desired outsets, 

fluorescence spectroscopic changes of HM upon addition of macrocyclic components (CTAB 

and β-CD) were utilised. Beyond the simple single input single output logic gates (NOT, YES, 

PASS 0 and PASS 1), we were also able to design IMPLICATION and INHIBIT gates. In 

addition to different logic functions, the modulations of the optical responses of HM driven by 

the macrocyclic components were employed to design “Erase-Read-Write-Read” and “Write-

Read-Erase-Read” type memory units. Moreover, considering the optical responses of HM we 

proposed a supramolecular keypad lock operated through unique sequential entry of opto-

chemical passwords. 
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ABSTRACT: A simple, rapid, selective, and cost-effective colorimetric assay for Cr3+ and Eu3+ ion detection has been
developed using functionalized gold nanoparticles. Gold nanoparticles (AuNPs) were prepared using HAuCl4, where sodium
citrate is a reducing agent as well as a capping agent, and then functionalized with 1,2,3-triazole-4,5-dicarboxylic acid (TADA).
Fourier transform infrared (FTIR) and Raman spectroscopies suggested that TADA was functionalized on the surface of AuNPs
through the N atom of triazole. The TADA-functionalized gold nanoparticles (TADA@AuNPs) simultaneously detect Cr3+ and
Eu3+ ions from aqueous solution and showed different responses to the two metal ions (Cr3+ and Eu3+) based on an
aggregation-induced color change of AuNPs. They showed a color change from wine red to blue, which was easily detected by
the naked eye, as well as by UV−visible and FTIR spectroscopies. The surface plasmon resonance absorbances of Cr3+ and Eu3+

are 633 and 671 nm, respectively, when Cr3+ and Eu3+ react with TADA@AuNPs and showed good linearity with Cr3+ and Eu3+

concentrations with detection limits 5.89 nM and 4.30 μM, respectively (S/N = 3). The TADA@AuNPs showed excellent
selectivity toward Cr3+ and Eu3+ compared to those of the 16 different metal ions. We had also tested the selectivity of TADA@
AuNPs toward Eu3+ compared to that of the other 10 lanthanide systems. Optimal detection was achieved toward Cr3+ and Eu3+

ions in the pH range 4−10. In addition, TADA@AuNPs were applied to detect Cr3+ and Eu3+ ions from lake water showing low
interference.

1. INTRODUCTION

Trivalent chromium ion, Cr3+, is one of the fundamental trace
transition metals that regulates the insulin on the control of
blood sugar in human beings.1−3 Insulin resistance or glucose
intolerance largely depends on the deficiency of chromium in
human blood. However, excessive accumulation of chromium
ion would induce the oxidative damage of some cellular
components, such as lipid, protein, and DNA.4,5 As stipulated
by the World Health Organization (WHO), the U.S.
Environmental Protection Agency (EPA) standard, and
European Community (EC), the maximum tolerable limits
of Cr3+ ion in drinking water are 50, 100, and 50 μg/L,
respectively.6 Cr3+ is the environmental pollutant as it is
extensively used in electroplating, alloying, and paint pigments.
To detect chromium ions in biological and environmental
samples, the development of highly selective and sensitive

chromium sensors is an important area of research. On the
other hand, among all, lanthanides, especially europium, is very
essential in industry, where it is used as a material for catalyst,
semiconductor, and energy. Europium phosphors are used in
television tubes to give a bright red color and as an activator
for yttrium-based phosphors. Due to the specific physical
properties7,8 of europium, it is also used for improving crop
quality in agriculture. Thus, the increasing consumption of
europium in both industry and agriculture endangers environ-
ment as well as human health.9,10 Therefore, development of
methods for detection of europium is very important.
Currently, common techniques are employed for the detection
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Abstract 

The present investigation accounts for the influence of intra-specific competition among predator 

populations in a prey dependent  predator-prey model of interacting populations. In this model we 

considered Qiwu’s growth rate for prey, Crowley-Martin response function for predation and intra-specific 

competion among predator populations. We offer a detailed mathematical analysis of the proposed model 

to illustrate some of the significant results that has arisen from the interplay of deterministic ecological 

phenomena and processes. In particular, stability (local and global) and bifurcation (Hopf-Andronov) 

analysis of this model are conducted for biologically feasible parameters.  We attained sufficient 

conditions to ensure the global stability of the unique positive equilibrium, by using appropriate Lyapunov 

functions and Lasalle invariance principle. Finally, numerical simulations through computer illustrate the 

dynamics of the ecological system.  

Keywords: Predator-prey model, Intraspecific competition, Stability, Bifurcation, Lyapunov function, 

Crowle-Martin functional response. 

MSC(2010) : 34A34, 34D20, 37B25, 37G15, 92D25. 

1. Introduction

Ecological systems are characterized by the interactions of different species within their natural 

environment. Studies of mathematical models are informative in understanding predator-prey interactions 

in these systems; as a result, predator-prey models have been important in ecological science since the 

early days of this discipline after the pioneering works of Lotka and Volterra. We start with the modified 

Lotka-Voltera type predator-prey system  
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Abstract 

Modelling of predation process of an eco-system becomes closer to the existent situation when response 

of both the species is believed in the modelling process. Ratio-dependent functional response is one of 

them. In this article, a prey-predator model is thought with Qiwu’s growth for prey and ratio-dependent 

Holling type II functional response predation development. The crucial mathematical features of the 

proposed model are analyzed with the help of equilibria, stability analysis, and bifurcation theory. The 

parametric space under which the system enters into a Hopf-bifurcation has been investigated. Explicit 

formula for determining the stability of bifurcating periodic solutions is driven by using normal form and 

central manifold theory.  Our analytical findings are performed by numerical experiments. Biological 

implications of the analytical findings are talked about in the conclusion section. 

Keywords: Prey-predator model; Ratio-dependent response; Stability; Hopf-bifurcation. 

MSC(2010) : 92Bxx, 92D40, 37B25, 34D23, 34D35 

1. Introduction

Behaviour of ecological system is characterized by the interaction of species with the wide range of 

spatial and temporal scales natural environment. From the early beginning of this discipline, one of the 

most key interactions that influence the dynamics of all species is predation. Studies of mathematical 

models are informative in understanding prey-predator interactions in these systems; as a result, 

predator-prey dynamics have been significant in mathematical ecology since the early days of this 

discipline after the pioneer work of Lotka and Volterra. We begin with the modified Lotka-Volterra type 

prey-predator system which is known as Wangersky-Cunningham model 
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Abstract

The dynamics and stability of thin liquid films have fascinated scientists over many decades.
Thin film flows occur over a wide range of length scales and are central to numerous areas of
engineering, geophysics and biophysics. These include nanofluidics and microfluidics, lava
flows, coating flows, tear-film rupture, dynamics of continental ice sheets and surfactant
replacement therapy. Study of falling film instability has its wide applications in the practical
field of industry and engineering. Practical applications in industrial processing motivate
the recent research to investigate the factors which may affect the formation of waves on
the surface of the coating layers and/or to determine the ways to overcome or to minimize
the unwanted factors within the desired limit of tolerance. The dynamics of a liquid film
flowing down a plane under the action of gravity is a problem which appears in many
technological and natural systems, namely large scale geophysical environments such as
lava flows or spillways, daily life scenarios such as water flowing down a window pane or
a slippery road on a rainy day, chemical engineering processes such as evaporators, heat
exchanges and falling film reactors or surface coating. The aim of this paper is to throw
light on the studies conducted on hydrodynamical stability.

1. Introduction

Hydrodynamical stability is an important branch of the fluid mechanics both from application and theoretical points of view. Stability is
the measure of the ability of a system to resist the changes or in other words how a system reverts to its original state after suffering all
possible modes of perturbation. An important criterion for a flow state to be physically stable is the ability of the system to withstand small
disturbances which are present or may be transmitted from the surroundings to the flow. The theory of small oscillations is a useful tool for
investigating the stability problems in hydrodynamics. If small disturbances superimposed on initial laminar flow, decay in time or with
distance downstream, then the laminar flow is stable. If they increase, that is if the growth of the perturbation is unbounded, or if the real
outcome is just another different state, or if it is a bounded but turbulent or chaotic state or accompanies the collapse of physical assumptions
underlying the governing equations then the outcome is a different physical system. A very common example of instability is the formation
of waves on surfaces of water owing to the action of wind. The ”Taylor-Couette flow instability” is a well known instability, which arises
due to centrifugal force, and Rayleigh-Benard convection, which arises due to difference of density are important instability phenomena
occurring in laboratories and nature. A detailed description of the entire field is given by Schlichting [1], Lin [2], Hsieh and Ho [3] and
Drazin and Reid [4]. It is very interesting that despite the effort of generations of applied mathematicians, beginning with Rayleigh, Kelvin
and Reynolds, many simple understanding of phenomena related to hydrodynamic stability remain incomplete. Therefore it is an important
task for the applied mathematics community to highlight different aspects of flow instability.
The instability of a thin film was first investigated in 1949 when Kapitza and Kapitza [5] took some elegant photographs with the help of
some simple kitchen apparatus. After the publication of these photographs, the research community felt that these photographs represent a
simple hydrodynamical instability phenomenon on a thin film flowing along an inclined plane. The beauty and simplicity of this phenomenon

Email addresses and ORCID numbers: 183111001@iitdh.ac.in, 0000-0002-4418-6201 (S. Chattopadhyay), ananda235@email.com (A. Mukhopadhyay),
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Abstract 

The present paper deals with the e-Learning platform in SAARC countries. There 

are eight SAARC countries (Afghanistan, Bangladesh, Bhutan, India, Maldives, 

Nepal, Pakistan and Srilanka) but among them only 5 countries (Afghanistan, 

Bangladesh, India, Pakistan and Srilanka) have their own e-learning platform for 

their citizens. 

Purpose: To acquire information about each and every e-learning platform which 

includes name, year of origin, sponsoring authority, aims, subject area covered, 

learning path, learning quadrant and type of the courses offered by each e-

learning platform.  

Methodology: e-Learning platforms of each SAARC countries have been studied 

and filled a questionnaire. The collected data are tabulated in three different 

tables and analyzed in a significant manner.  

Findings: India and Bangladesh have started education through e-learning 

platform in the year 2016) where as Afghanistan and Pakistan have started in the 

year 2018 and Srilanka has the oldest e-learning platform. edX covers the 

maximum subject areas. 

Keywords: SAARC, e-Learning, MOOC, SWAYAM, DigiSkill, edX, Muktopaath, FOOE 

Introduction: The present valuable right of all human being should be the “Right to education” 

and the slogan should the “Education for all”. Now the free education made a remarkable impact 

in the modern society as whole. Learners from the different areas of the world mainly from 

SAARC Countries (Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan and 

Srilanka) face several problems in time of accessing educational services including learning 

materials. This is a critical issue in the field of education and this critical situation may be 

dissolved with the integration of ICT and Education. In this situation many Governments and 

agencies have implemented such type of e-learning platform so that education barriers are 
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Enhanced photocatalysis performance of mechano-synthesized V2O5–TiO2
nanocomposite for wastewater treatment: Correlation of structure with 
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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

� Photocatalytic V2O5–TiO2 nano-
composites are synthesized by mechan-
ical alloying. 
� 3h ball-milled nanocomposite shows 

~94% degradation of RhB under visible 
light much higher than our previous 
work. 
� Microstructure study of V2O5–TiO2 is 

done by Rietveld method of XRD data 
analysis. 
� Pineapple flower-like morphology of 3h 

milled composite favours 
photodegradation. 
� Leaf (V2O5)/flower (TiO2) hetero-

junctions excel the photocatalytic 
performance.  

A R T I C L E  I N F O

Keywords: 
V2O5–TiO2 nanocomposites 
Mechanical alloying 
Rietveld 
FESEM 
Photocatalysis 

A B S T R A C T

The harmful chemical organic dyes used in textile industries and wastewater posses a great threat to human 
beings due to huge toxicity and enormous health hazards. Consequently, the conversion of these harmful 
chemicals into harmless substances becomes utmost essential for sustainable development in wastewater 
research. High-energy ball-milling of orthorhombic V2O5-anatase (a) TiO2 mixture (1:1 M ratio) at room tem-
perature results in the formation of nanocrystalline V2O5–TiO2 solid solution phase. A series of V2O5–TiO2 solid 
solution is synthesized by varying the milling time from 5min to 20h. The Rietveld X-ray powder structure 
refinement methodology has been adopted for microstructure characterization of unmilled and all ball-milled 
nanocomposite samples, in terms of lattice imperfections. From Rietveld analysis, lattice parameters, relative 
phase abundance of individual phases, crystallite size and r.m.s. lattice strain values are estimated. At the early 
stage of milling of 30min, a-TiO2 transforms to polymorphic rutile (r)-TiO2 due to high energy impact of me-
chanical alloying. The final ball-milled powder mixture is composed of V2O5–TiO2 solid solution with a trace 
amount of r-TiO2 phase. Photocatalytic study through the degradation of Rhodamine B (RhB) in presence of 
visible light reveals enhanced degradation (~94%) of RhB with 3h ball-milled V2O5–TiO2 nanocomposite, 
compared to ~74% with 15h milled nanocomposite reported earlier. Optical bandgaps of ball-milled V2O5–TiO2 
nanocomposites are within the semiconducting range. FESEM study of ball-milled powder mixture reveals the 
pineapple flower-like morphology of nanoparticles of V2O5–TiO2 nanocomposites. An enormous number of the 
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A B S T R A C T

Here we report the dielectric response of partially stabilized zirconia above room temperature. The conductivity 
increases with rise in temperature and frequency, obeying a power law type nature. The frequency exponent 
study shows that the Correlated Barrier Hopping model governs the conductivity process. The value of dielectric 
permittivity increases with increase in milling hour. It is observed that both free charge and space charge 
conductivities increase as the temperature increases. The complex dielectric permittivity is found to be increased 
with increase in temperature and decrease with frequency. Complex impedance study shows the grain boundary 
resistance is higher than the grain resistance. The current density-electric field characteristics show that the 
Poole Frenkel Emission model is the best suited model for the prepared samples and the trap height varies non- 
linearly with temperature.   

1. Introduction

Recently zirconia has developed interest not only in fields of pure
research but also in industrial applications. Four different chemicals 
properties like basic, acidic, reducing and oxidizing properties have 
been observed in zirconia [1]. Also it shows three different temperature 
dependent polymorphs, namely monoclinic with space group 
P21/c(Room temperature - 1440 K), tetragonal having space group 

P42/nmc (1440 K–2650 K) and cubic phase having space group Fm3
�

m 
(2650 K to melting point). Numbers of technical applications concern 
the cubic form of zirconia which is however not easily available. This 
engineered material is hard, wear resistant, show high fracture tough-
ness and find applications in structural ceramic industries [2–4]. Apart 
from these, zirconia is characterized by high temperature ionic con-
ductivity which enables to use this material in oxygen sensor, oxygen 
pumps and solid oxide fuel cells [5]. The partially stabilized zirconia 
(PSZ) is the mixture of cubic and tetragonal (or monoclinic) phases, and 
different methods have been extensively employed to develop PSZ at 
room temperature. Generally this is achieved by adding different dop-
ants which act as stabilizer. The sol-gel method has been extensively 

used to obtain nanocrystalline doped zirconia powders [6–8], but the 
main drawback of this process is high production cost, which makes it 
commercially unsuitable. In this study, we have developed nano-
crystalline PSZ by ball milling method which is a very cost effective 
process [9,10]. The precursor passes through different mechanochem-
ical phase transitions before reaching the desired state [11,12]. The key 
feature of this process is that the final product shows low temperature 
ductility and enhanced hardness. Earlier works suggest that room tem-
perature stabilized cubic zirconia can be synthesized successfully by 
means of high energy planetary ball milling method either by adding 
dopant or even without adding dopant [13,14]. Structural and micro-
structural changes in different prepared samples have been evaluated by 
analyzing XRD patterns of different samples using Rietveld refinement 
method. 

Further, grain and grain boundary play important role in deter-
mining the physical properties of the nanomaterials. So, we have studied 
the ac complex impedance spectroscopy to have an insight of the grain 
and grain boundary contribution. The electric modulus study provides 
information regarding the relaxation dynamics of the prepared samples. 
The ac and dc conductivity studies and I–V behaviour contain valuable 
information regarding the sample character. The electrical behaviour of 
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Retrieving the Ethnic World of the Adis: An Ecocritical Reading of 
Mamang Dai's The Legends of Pensam 

Abstract 

Santosh Kumar Malik 

Northeast India is the home to different ethnic groups with a variety of cultures, languages, 
religions and is regarded as the melting pot of diverse races, castes, and cultures. It is one 
of the most under-represented regions of India. The troubled political atmosphere, the scenic 
landscape, and the confluence of various ethnic groups in the region perhaps have given rise 
to a body of literary writings that is entirely different from the rest of India. Like the region 
itself, literature in English from the Northeastern part of India has also been stereotyped. 
But if we make a critical study at the literary writings of this region, we will find that most 
of the authors such as Mamang Dai, Temsula Aao, Aruni Kashyap, Easterine Kire are 

consciously incorporating the geopolitical and environmental issues like the ecological 
degradation of the region, the exploitation of resources, radical climate change of the land, 
deforestation, encroachment, poaching, etc. in their writings. For instance, Mamang Dai's 
The Legends of Pensam is a novel that has a strong ecological concern. History, myth, 

tradition, memory, and fiction merge together in this novel, which showcases the unique 
ecology of Arunachal Pradesh. The clash between tradition and modernity and the 

degeneration of traditional values during the colonial period as well as the ecological 
degradation of the land can well be studied from an ecological viewpoint. The novel 

advocates the restoration of the age-old bond between man and the nature as a way of 
retaining the identity of the tribal communities in the contemporary world of globalization 
and modernization. 

Keywords: Literature in English from Northeast India, tribal community, ethnic groups, 
environmental degradation, ecology, environment, ecocriticism. 

The Northeast region of India is often viewed by most of the Indians as a conflict-ridden 
zone with problems related to identity, violence, ethnic strife, infiltrations, militancy, and 
so on. This stereotyped view of the region is also reflected in the literature in English from 
Northeast India. However, these issues are not the ultimate defining themes of the writings 
from this region. The rich cultural heritage of various ethnic groups, the beautiful natural 
landscape, and the troubled political atmosphere of the region have collectively contributed 
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Identification of Water Resource Potential Zones of Karu 

River Basin Using Remote Sensing and GIS techniques in 

Purulia District, West Bengal [India] 
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Abstract - Remote Sensing and GIS tools have broadly help hydrologists to delineate the water resource potential zones for 

watershed development and management. Water is a valuable natural resource in our daily life. It is used as domestic as well as 

agricultural purposes.  It’s amount varies from season to season. It is plenty during rainy season but in dry season, it is scarce. 

Assessment of the potential zones of water resource is extremely important for the protection of water quality and the management of 

surface/ground water systems. Water resource potential zones are demarcated with the help of Remote Sensing and geographical 

Information System (GIS) techniques. In this study, standard methodology is used to determine potential of water resource using 

integration of RS & GIS techniques. Different parameters that can be considered for identifying water resource potential zones such 

as slope, drainage frequency, drainage density, geology, groundwater level, soil, surface water bodies and land use/land cover are 

generated using satellite data and survey of India (SoI) toposheets of scale 1:50000. Suitable ranks are assigned of each category of 

these parameters. Different thematic map of each parameter is prepared using ordered weighted averaging technique in Qgis. Finally 

composite map is prepared by assigning all parameters to identify water resource potential zone. These are classified into five 

categories like very poor, poor, moderate, good and excellent. This suggested methodology has been applied for achieve the goal of the 

selected study area in Purulia district, West Bengal. Water resource potential zones will be useful for identification of suitable location 

for agriculture and domestic use of surface and underground water. 

Keyword - River basin, RS & GIS, Overlay analysis, Thematic, Potential zones, Water resource 

I. INTRODUCTION 

Water resource both ground and surface are useful to human in agriculture, industrial, household, recreational and 

environmental activities. Main source of water on the earth’s surface is precipitation. After precipitation rain water 

is drained out through surface run-off in the drainage basin. All part of the earth’s surface is under any drainage 

basin. Some portion of rain water is stored as underground water. It depends on voids within geological stratum and 

bearing formation of the earth’s crust which act as conduits for transmission and as reservoirs for storing water. 

Some portion of water is stagnant on the earth’s surface. Surface water bodies like streams, ponds etc., can act as 

recharge zones [1]. 

Over the years the growing importance of water based on an increasing population and unscientific 

exploitation of water is creating a water stress condition. In present scenario, rainfall is gradually decreasing, 

uncertain and uneven spatially. This alarming situation is cost and time effective technique for proper evaluation of 

water resources and management planning. Identification of various parameters is important for generating a water 

resource model of a study area. Karu river basin is a tributary river basin of Subarnarekha river which is originated 

in the Ajodhya hill of Purulia district. The term basin, catchment and watershed etc. are widely used to denote 

hydrological units [2]. Watershed is a natural hydrological entity that covers a specific areal space on the earth’s 

surface from which the rainfall run-off flows through drain, channel, gully and stream or river at any particular 
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Waves and instabilities of viscoelastic fluid film flowing down an inclined wavy bottom
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Evolution of waves and hydrodynamic instabilities of a thin viscoelastic fluid film flowing down an inclined
wavy bottom of moderate steepness have been analyzed analytically and numerically. The classical long-wave
expansion method has been used to formulate a nonlinear evolution equation for the development of the free
surface. A normal-mode approach has been adopted to discuss the linear stability analysis from the viewpoint of
the spatial and temporal study. The method of multiple scales is used to derive a Ginzburg-Landau-type nonlinear
equation for studying the weakly nonlinear stability solutions. Two significant wave families, viz., γ1 and γ2, are
found and discussed in detail along with the traveling wave solution of the evolution system. A time-dependent
numerical study is performed with Scikit-FDif. The entire investigation is conducted primarily for a general
periodic bottom, and the detailed results of a particular case study of sinusoidal topography are then discussed.
The case study reveals that the bottom steepness ζ plays a dual role in the linear regime. Increasing ζ has a
stabilizing effect in the uphill region, and the opposite occurs in the downhill region. While the viscoelastic
parameter � has a destabilizing effect throughout the domain in both the linear and the nonlinear regime. Both
supercritical and subcritical solutions are possible through a weakly nonlinear analysis. It is interesting to note
that the unconditional zone decreases and the explosive zone increases in the downhill region rather than the
uphill region for a fixed � and ζ . The same phenomena occur in a particular region if we increase � and keep
ζ fixed. The traveling wave solution reveals the fact that to get the γ1 family of waves we need to increase
the Reynolds number a bit more than the value at which the γ2 family of waves is found. The spatiotemporal
evolution of the nonlinear surface equation indicates that different kinds of finite-amplitude permanent waves
exist.

DOI: 10.1103/PhysRevE.102.023117

I. INTRODUCTION

Investigations of thin liquid films are one of the most
important hydrodynamic problems, as they are ubiquitous
in nature and technology; this has attracted much attention
from a number of researchers over the last six decades. A
simple and obvious example is the flow of rainwater down
a windowpane under the action of gravity. It has extensive
use in various industrial and technological applications such
as evaporators, condensers, heat exchangers [1,2], canisters
for nuclear waste disposal, nuclear reactor cooling systems,
material processing, food and chemical industries, biomedical
engineering, and geothermal reservoirs. A typical thin-film
flow consists of an expanse of a liquid partially bounded by
solid substrates with an interface where the liquid is exposed
to another fluid, usually gas and most often air in applications.
The solid substrates may be planners or undulated. It is well
known that the waves on the surface of a thin film enhance the
transport of heat mass and momentum across the liquid-gas
and liquid-solid interface. In some applications, the presence
of surface waves may be a desirable feature, as in the case
of cooling films, where they enhance heat and mass transfer
[3,4]. On the other hand, it is undesirable in the coating films

*sanghasri.mukhopadhyay@univ-smb.fr

to increase the glossy texture of the finished product [5]. So to
model improved devices, it is desirable to know details about
the film flow and its finite-amplitude behavior.

Wave evolution on falling liquid film has been extensively
studied over the last few decades, starting from the pioneering
work by Kapitza [6] and Kapitza and Kapitza [7], in which
a vast variety of wavy regimes, like a rolling wave with a
capillary hill and a series of nearly solitary waves or almost-
harmonic waves of falling liquid films, was observed. In this
situation, we need to understand the stability and its criteria
for falling films. In 1957 Benjamin [8] and in 1963 Yih
[9] were reportedly the first to investigate theoretically the
long-wave instability of falling film over an inclined plane.
They determined the phase velocity of the waves and critical
Reynolds number for the transition, respectively. In 1966
Benney [10] derived a wave evolution equation governing
the flow by regular perturbation technique in terms of flow
depth, by expanding the variables in powers of the long-wave
parameter. Extensive reviews of the literature for the film flow
over flat inclined or vertical substrates with various effects are
reported by Fulford [11], Hanratty [12], Chang and Demekhin
[12], Lin and Wang [13], and Chang [14].

The corresponding problem of falling film for non-
Newtonian fluid has also been studied extensively, since the
simple model of considering the linear law of viscous flu-
ids is not a reasonable approximation to the real physical
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ABSTRACT
Hydrodynamics and instabilities of a thin viscous liquid film flowing down an undulated inclined plate with linear temperature variation have
been investigated. Using the long-wave expansion method, a non-linear evolution equation for the development of the free surface is derived
under the assumption that the bottom undulations are of moderate steepness. A normal mode approach has been considered to take into
account the linear stability of the film to investigate both the spatial and temporal instabilities, while the method of multiple scales is used
to obtain the Ginzburg–Landau-type worldly equation for studying the weakly non-linear stability solutions. The numerical study has been
carried out in python with a newly developed library Scikit–FDif. The entire investigation is done for a general bottom profile followed by a
case study with a sinusoidal topography. The case study reveals that the Marangoni effect destabilizes the film flow throughout the domain,
whereas the bottom steepness ζ gives a dual effect for the linear stability. In the “uphill” portion, an increase in ζ stabilizes the flow, and in
the “downhill” portion, an increase in ζ gives a destabilizing effect. Furthermore, a weakly non-linear study shows that both supercritical and
subcritical solutions are possible for the system. It is noted that the unconditional stable region decreases and all the other region increases
in the “downhill” portion in comparison with the “uphill” portion for a fixed set of parameters. The stability analysis of a truncated bimodal
system is investigated. The spatial uniform solution of the complex Ginzburg–Landau equation for sideband disturbances has also been
discussed. Numerical simulation indicates that a different kind of finite-amplitude permanent wave exists. The amplitudes and the phase
speeds of the wave are dependent on thermocapillary as well as the bottom steepness.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0010461., s

I. INTRODUCTION

The primary aspiration for research is to develop technology
that makes human life easier and convenient. Application of falling
liquid films’ flow over a substrate can be found everywhere in our
daily life from nature to the industry. A few common industrial
examples are found in coating applications,1 heat exchangers,2 evap-
orators, condensers, absorbers, and rectification columns.3 Numer-
ous commercial, medical, biological, and natural examples can be
found where the gravity-driven film flows over undulated or rough
substrates.

In some applications, the presence of surface waves may be a
desirable feature as in the case of cooling films, where they enhance

heat and mass transfer.4,5 On the other hand, it is undesirable in the
coating films to increase the glossy texture of the finished product.6

The hydrodynamics of thin viscous fluid film has been exten-
sively studied over the past few decades starting from the pioneer-
ing work by Kapitza and Kapitza and Kapitza.7,8 They reported a
vast variety of wavy regimes, such as a rolling wave with a capil-
lary hill, and a series of nearly solitary waves or almost harmonic
waves of falling liquid films. In this situation, we need to under-
stand the stability and its criteria for falling films. In 1957, Benjamin9

and, in 1963, Yih10 were reportedly the first to investigate theoret-
ically the long-wave instability of the falling film over an inclined
plane. An extensive review of the literature for the film flow over
flat inclined/vertical substrates with various effects can be found in
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(Desmidiaceae, Desmidiales, Conjugatophyceae) from India
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Abstract

The present communication deals with four taxa of Xanthidium Ehrenberg. 
Two taxa viz. Xanthidium aculeatum Ehrenberg and X. antilopaeum (Bréb) 
Kützing f. javanicum Nordstedt are new records from India while another two 
viz. X. turneri sp. nov. and X. freemanii West and West var. minor var. nov. are 
proposed as new to science.

Key words: Xanthidium; new records; X. turneri sp. nov.; X. freemanii West and West 
var. minor var. nov.

Introduction

Several works have appeared on Indian 
desmids in recent times apart from the 
classical work of Turner (1892) when the 
taxa of Xanthidium have been described. 
Among the recent workers the name 
may be mentioned of Bharati (1963, 
1965, 1966), Suxena and Venkateswarlu 
(1970), Bharati and Pai (1972), Freitas 
and Kamat (1979), Pandey and Pandey 
(1980), Hegde and Bharati (1980, 1983, 
1984), Gurudeva et al. (1983), Hegde 
(1986, 1987, 1988), Hegde and Isaacs 
(1989), Habib et al. (1990), Mukherjee 
and Srivastava (1993).

During the systematic investigation 
on the desmid flora of Bankura and 
Purulia districts of West Bengal, 
and recent field survey on Burdwan 
district (MRP) the authors have 
recorded several taxa of Xanthidium. 
In the present communication besides 
recording two for the first time from 

India, two new taxa have also been 
proposed.

Materials and methods

Specimens were collected from different 
aquatic habitats of Bankura, Burdwan and 
Purulia districts of West Bengal. Specimens 
were preserved in 4% formalin; pH, 
temperature and ecological notes were 
recorded simultaneously. Camera Lucida 
drawing and photomicrography (Leica 
DM 1000) were made using GWF (Bando, 
1988) as mountant from both preserved 
and live specimens.

Results and discussion

X. aculeatum Ehrenberg

Prescott et al., 1982, p. 45, pl. 311, fig. 1; 
Dillard 1991, p. 171, pl. 52, fig. 3.

Plate 1. Fig. 3; Plate 2, fig. 7
Cell as broad as long excluding spines; 
semi cells elliptic, reniform, apex 









The Impact of Buddhist Philosophy
in Sanskrit Literature

Satyaprasad Mishra
Abstract

Sanskrit is a language always kept in high esteem and used mostly for religious

and scientifhc discourses in Hinduism, Buddhism and Jainism. The philosophical

thoughts of those religions were written in Sanskrit language and Pali language.

The most of treatises of Hinduism were written in Sanskrit language.We know,

The Buddhist Philosophy Tripitaka literature were written in Pali Language,

with some in Sanskrit as well as other local Asian languages. Basically, the

Philosophers of Buddhism gave more stress to teach their thoughts in Pali

language. After Buddhist era, We found the impact of Buddhist philosophy in

Sanskrit epics. Both Buddhist literature and Sanskrit literature are very rich

and large. Icould not examine the each and every word of both literatures. I

just try to present some instance where the poets were influenced in Buddhist

literature. In this work, I just take only Jatakmala' of Budhhist literature and

try to find the similarities with popular epics of Sanskrit literature.

Keywords

Buddhism, Jainism Pali, Sanskrit, Tripitaka, Jatakmala, Sanskrit epics.

Introduction

The Literature is the medium of communication between the thinker

and reader. A philosopher can spread his thoughts easily in this society

throughthe epics, poems and dramas of any languages. A grammarian

can easily express the uses of grammar rules through the epics like

'Bhatti Mah�k�vyam. Thewiseman can spread the use full thoughts for

the art of living through the epics like Mäh�bhärat. So, literature is not

only the way ofsharing the views and thoughts in our country but also

in the whole world.

Satyaprasad Mishra is Assistant Professor inthe Department of Sanskrit

at VivekanandaMahavidyalaya,Burdwan, West Bengal
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There are so many epics, poems and dramas were written in

Sanskrit language. The views of Aryan peoples were written in Vedas,

Brahamans,Aranyaks and Upanishads. After the Vedic age, the views

and philosophical thoughts ofLord Buddha's were written in Tripitaka,

Agamas, Sutras, Stotras, Shastras, Tantras and Jatakas etc. We see, the

most of Sanskrit poets were influenced in Buddhist Philosophy.

The Philosophy of Buddhism

Lord Buddha tried to teach the truths of life in simple way. In

Buddhist literature, we see the stories deals on philosophical thoughts

and views of Lord Buddha on Enlightenment, Peace, Free of Suffering,

Meditation and Nirvana. The authors of Buddhism have composed

treatise and literary works in Sanskrit and Palilanguages dealing with

Buddhist Philosophy, logic etc. Arya Sura written J�takm�la' where 34

Jataks stories are found. The Jatakmala is a Buddhist Literature one of

those where the previous births of Gautama Buddha in bothhuman and

animal form.

yéuIrHgTAytargar HGIFAGIIGqHgfe-ráfat nJatakmala/ 1)

Theimpact of Buddhist philosophy in Sanskrit literature

Sanskrit is a classical Indian language. The name Sanskrit means

sacred. Sanskrit was not thought ofas a specific language but as a refined

or perfect sacred tongue. It is a language always kept in high esteem

and used mostly for religious and scientific discourses in Hinduism,

Buddhism and Jainism. The Sanskrit language is supposed to have
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INTHECONTEXT OFSANSKRITLITERATURE.

DrSatyaprasad Mishra

Abstract:

Thetalesandstoriesreflectthe culture ofasociety The knowl

edgeofmorality isdeveloped through the listening oftalesandsto
riesofhumanbeings.Wenever say thatwe did not listenanytales
andstoriesfrom ourfamilywhich areuseful fordeveloping ourmoral

sense.The interestoftale listening isgenerated naturally inhuman
mind.There are somany talesand stories werewritten in Sanskrit

language. Someofthose aretaught in schoolsand colleges. Those

stories andtalesreflecttheculture andhistory ofoursociety,civili

zationandcommunity.So,There isagood impact oftalesand sto

ries inourSOciety.Icould not analyze thewhole Sanskritfablelit

eraturewhich were written from Vedic age to 19century. So, I

have analyzed fewtalesand present someaspectsoftaleswhichare
related directlywith oursociety.
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ABSTRACT
Monitoring the levels of toxic Hg2+  metal ions in an aquatic environment is an important issue because 
this ion can have an adverse effect on human health and the environment. Therefore, the detection 
of Hg2+ ions in water is a very important issue for improving human health and water quality. Metallic 
nanoparticles such as gold and silver nanoparticles (AuNPs & AgNPs) have received much attention due 
to their colorimetric properties as well as localized surface plasmon resonance (LSPR) properties. AuNPs 
and AgNPs can easily change their color (AuNPs: Red to Pink/Blue; AgNPs: Yellow to blue) which is easily 
discriminated by visual inspection. Functionalization of AuNPs and AgNPs offers an excellent application 
in many scientific worlds as the choice of ligands/functionalizing groups is of utmost importance for their 
colloidal stability and function of the nanoparticles. In this review, we have discussed the colorimetric 
sensors of gold and silver nanoparticles based on the functionalization of organic ligands, polymers, amino 
acids, and proteins for the detection of Hg2+ ions in an aqueous medium.

Keywords: Colorimetric Sensor, Gold nanoparticles, Silver nanoparticles, Toxic metal ion, Hg2+
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INTRODUCTION AND BACKGROUND
Heavy or toxic metal ions are mainly 

contaminated to the environment due to their 
broad-spectrum application in industry as well as 
agriculture. Among the several heavy metal ions 
mercury, cadmium and lead are the most toxic to 
the human body as well as animals. Other than 
these three, the human body is also affected by 
many metal ions including arsenic, chromium, 
manganese, copper, zinc, etc. even at the minute 
level of exposure of these metal ions are responsible 
to cause several diseases to the human body.  The 
list of some toxic metal ions and their biological 
effects on humans and animals is listed in Table 1.

Among them, mercury is a very well-known 

toxic metal which is a culprit for several threats 
to human health and the environment [1]. 
Mercury contaminates into air, soil, and water 
due to the production of different sources such 
as gold production, coal plants, thermometers, 
barometers, caustic soda, and mercury lamps [2]. 
Mercury converts itself to methyl mercury and 
is ready to penetrate itself into the human body 
through the food chain which may damage the 
various organs [3-5]. Accumulation of mercury 
to the human body leads to various cognitive and 
motor disorders, including Minamata disease [4,6]. 
Therefore, monitoring of mercury metal ions in 
water (drinking, sea, lake, etc.) is very essential in 
terms of improving human health and water quality 
[7]. Several methods are used for the detection of 
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a b s t r a c t

To improve and modify the magneto-dielectric properties of cerium oxide, fractional incorporation of Gd3+ 

ions in place of Ce4+ in the pristine lattice was considered. Samples of Gd3+ substituted CeO2 (i.e., 
Ce0.90Gd0.10O2−δ, CGO) were synthesized by the solid state reaction method where the starting materials of 
CeO2 and Gd2O3 were heat treated at 800 °C for 10 h. X-ray diffractograms were recorded and analyzed by 
the Rietveld refinement method to confirm the formation of cubic structure as well as the proper and 
partial replacement of host cations of Ce4+ by strong magnetic impurity of Gd3+ ions. Transmission electron 
microscopy study of doped sample of Ce0.90Gd0.10O2−δ was carried to yield some important morphological 
behavior. The static magnetic measurements were performed by superconducting quantum interference 
device magnetometer. Interestingly nonlinearity due to onset of magnetic ordering was introduced which 
was clearly found in recorded magnetization (M) vs. field (H) curve below ~ 50 K. Analysis of magnetic 
behavior suggests the initiation of paramagnetic to ferromagnetic phase transition at low temperatures 
(below ~ 50 K). Hysteresis loops observed below ~ 50 K also suggest the onset of magnetic ordering in the 
doped sample, but saturation magnetization was not found owing to the fact that most of the host cations 
are in paramagnetic phase. The M–T curve is well fitted below ~ 50 K by a combined equation generated 
from 3D spin wave model and the Curie–Weiss law indicates the coexistence of paramagnetic (PM) and 
ferromagnetic (FM) phases in the sample. The onset of ferromagnetism in Ce0.90Gd0.10O2−δ was explained by 
oxygen vacancy mediated F-center exchange (FCE) coupling mechanism. Dielectric constant and ac con-
ductivity increases with increase of temperature and frequency. The improved version of magnetic and 
electric properties of doped cerium oxide may be a potential candidate for dilute magnetic dielectric for 
applications in charge storage and sensor devices. 

© 2021 Elsevier B.V. All rights reserved.    

1. Introduction

The introduction of magnetic ordering in insulating oxides have 
drawn enormous research interest due to their proposed use in fu-
ture spintronic device [1–3]. They are phrased as Diluted Magnetic 
Dielectric (DMD) and expected to be served as a spin filter in future  
[4,5]. In this direction, few researches on transition metal (TM) 
doped rare earth oxides have been carried out [6–8]. The link be-
tween ferromagnetism and structural defect, especially oxygen va-
cancy was the main focus of these studies. The structural defects are 

also leading to very interesting light emission, magnetic, catalytic, 
dielectric properties. We have chosen CeO2 as a host instead of other 
rare earth oxides due to its enormous applications in solid oxide fuel 
cells (SOFCs), luminescence materials, gas sensors, catalysis etc.  
[9,10]. The abundance of Cerium is higher compared to all rare earth 
ions even more than Cu [11]. Moreover, CeO2 has a cubic structure 
with lattice parameter close to that of Si, therefore CeO2 devices 
might be integrated with conventional silicon-based electronic cir-
cuit [12]. So far, most of the oxide based diluted magnetic system 
have non cubic crystal structure. The introduction of magnetic or-
dering within the cubic CeO2 may facilitate the current spintronic 
research and defect engineering in materials. In comparison with 
TMs, 4f rare earth (RE) ions are a better substitute due to larger 
magnetic moments and excellent optical and dielectric properties. 

https://doi.org/10.1016/j.jallcom.2021.158838 
0925-8388/© 2021 Elsevier B.V. All rights reserved.   
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ABSTRACT

The magnetic property of nanocrystalline copper ferrite (CuFe2O4, CF) with

narrow size distribution synthesized by co-precipitation technique is investi-

gated. The occupancy of cations among the tetrahedral and octahedral sites is

determined from the Rietveld analysis of the X-ray diffraction (XRD) pattern.

Microstructural, optical, and magnetic properties of the ferrite nanoparticles

(NPs) are analyzed in detail using high-resolution transmission electron

microscopy (HRTEM), UV–Vis absorption spectroscopy, Fourier-transform

infrared (FTIR) spectroscopy, Raman spectroscopy, and superconducting

quantum interference device (SQUID) magnetometer. The blue shift in optical

band gap compared to bulk one is observed due to the smaller particle size. The

particle size distribution inferred by mathematical analysis from the variation of

difference between field cooled (FC) and zero field cooled (ZFC) magnetization

with temperature supports the HRTEM observation. M–T curve initially pro-

poses the presence of superparamagnetic (SPM) NPs with non-interacting core

and interacting surface spin. Therefore magnetic behavior of the sample is

explained by core–shell model. This fact is substantiated from the good fitting of

M–H curves at different temperatures using a combined equation generated

from ‘Law of approach’ to saturation magnetization and Langevin function.

With the lowering of temperature magnetic blocking and random spin freezing

process occurs. The ratio of MR=Ms (remanent/saturation magnetization) less

than 0.5 for all temperatures implies the presence of uniaxial anisotropy of the

single-domain NPs. The unsaturated nature of the M–H curves may be due to

the combined contribution from SPM core and spin canting in the mixed spinel

CuFe2O4.

Address correspondence to E-mail: bhaskar.dbm@gmail.com; atulbandyopadhyay@yahoo.com

https://doi.org/10.1007/s10854-020-04919-x

J Mater Sci: Mater Electron (2021) 32:1491–1505
Author's personal copy

http://orcid.org/0000-0002-3499-6809
http://crossmark.crossref.org/dialog/?doi=10.1007/s10854-020-04919-x&amp;domain=pdf
https://doi.org/10.1007/s10854-020-04919-x


International Journal of Non-Linear Mechanics 133 (2021) 103718

Contents lists available at ScienceDirect

International Journal of Non-Linear Mechanics

journal homepage: www.elsevier.com/locate/nlm

Thermocapillary instability on a film falling down a non-uniformly heated
slippery incline
Souradip Chattopadhyay a, Anandamoy Mukhopadhyay b,∗, Amlan K. Barua a, Amar K. Gaonkar c

a Department of Mathematics, Indian Institute of Technology Dharwad, Karnataka 580011, India
b Department of Mathematics, Vivekananda Mahavidyalaya (The University of Burdwan), West Bengal 713103, India
c Department of Mechanical Engineering, Indian Institute of Technology Dharwad, Karnataka 580011, India

A R T I C L E I N F O

Keywords:
Slippery inclined plane
Complex Ginzburg–Landau equation
Nonlinear stability
Traveling wave
Hopf bifurcation

A B S T R A C T

A gravity-driven, thin, incompressible liquid film flow on a non-uniformly heated, slippery inclined plane is
considered within the framework of the long-wave approximation method. A mathematical model incorporat-
ing variation in surface tension with temperature has been formulated by coupling the Navier–Stokes equation,
governing the flow, with the equation of energy. For the slippery substrate, the Navier slip boundary condition
is used at the solid–liquid interface. An evolution equation is formed in terms of the free surface, which
includes the effects of inertia, thermocapillary as well as slip length. Using the normal mode approach, linear
stability analysis is carried out and a critical Reynolds number is obtained, which reflects its dependence on
the Marangoni number 𝑀𝑛 as well as slip length 𝛿. This depicts that 𝛿 and 𝑀𝑛 both have the destabilization
effect on the flow field. The linear study also reveals that the inertia force has a negligible effect compare
to the thermocapillary or slip. In addition, the study highlights a critical Marangoni number at which the
instability sets in when the thermocapillary stress attains a critical value. The method of multiple scales is
used to investigate the weakly nonlinear stability analysis of the flow. The study interprets that the variation
of 𝑀𝑛 and 𝛿 have substantial effects on different stable/unstable zones. It also shows that within a considered
parametric domain, the unconditional stable zone completely vanishes for any value of 𝑀𝑛, when the slip
length 𝛿 attains a critical value. The study also divulges that in the subcritical unstable (supercritical stable)
zone the threshold amplitude (𝜁𝑎) decreases (increases) with the increment of 𝑀𝑛 and 𝛿. Further, we discussed
the spatial uniform solution of the complex Ginzburg–Landau equation for sideband disturbances. Employing
the Crank–Nicolson method, the nonlinear evolution equation of the free surface is solved numerically in a
periodic domain, considering the sinusoidal initial perturbation of small amplitude. The nonlinear simulations
are found to be in good agreement with the linear and weakly nonlinear stability analysis. The evolution
of the maximum

(

ℎmax
)

and minimum
(

ℎmin
)

thickness amplifies, for small change of 𝑀𝑛 and 𝛿. Further, it
shows that the influence of the thermocapillary force amplifies the destabilizing nature of 𝛿. The traveling
wave solution confirms the existence of a fixed point for the considered parametric domain, chosen from the
experimental data. Finally, the Hopf bifurcation of the fixed point exhibits that the nonlinear wave speed at the
transcritical point increases as 𝛿 increases but decreases as 𝑀𝑛 increases. The noteworthy result which arises
from the study is that a transcritical Hopf bifurcation exists if the slip length 𝛿 > max

{( 1
6
𝑀𝑛 − 1

3

)

, 1
2

(𝑀𝑛 − 2
3 −𝑀𝑛

)}

.

1. Introduction

The flow of thin liquid film over uniform/non-uniform heated in-
clined/vertical plane studied by many researchers [1–15] and is re-
garded an important problem both from theoretical as well as an
experimental point of view. Due to the heated substrate, an instability
appears in the flow field, known as Marangoni instability. Since the
surface tension of the liquid is a temperature-dependent physical prop-
erty, so as the heat appears from the heated surface to the interface,

∗ Corresponding author.
E-mail addresses: 183111001@iitdh.ac.in (S. Chattopadhyay), ananda235@email.com (A. Mukhopadhyay), abarua@iitdh.ac.in (A.K. Barua),

amar.gaonkar@iitdh.ac.in (A.K. Gaonkar).

the surface tension decreases for most of the common liquids, and this
results in Marangoni instability. A non-dimensional number, known
as the Marangoni number is held responsible to create the Marangoni
instability.

For a thin film viscous force plays a significant role. For a viscous
fluid, at the rigid substrate, the adhesive force that exists between the
liquid and solid particles is greater than the cohesive force that exists
between the liquid particles. Due to this imbalance of forces, the liquid

https://doi.org/10.1016/j.ijnonlinmec.2021.103718
Received 13 October 2020; Received in revised form 24 February 2021; Accepted 21 March 2021
Available online 27 March 2021
0020-7462/© 2021 Elsevier Ltd. All rights reserved.

https://doi.org/10.1016/j.ijnonlinmec.2021.103718
http://www.elsevier.com/locate/nlm
http://www.elsevier.com/locate/nlm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijnonlinmec.2021.103718&domain=pdf
mailto:183111001@iitdh.ac.in
mailto:ananda235@email.com
mailto:abarua@iitdh.ac.in
mailto:amar.gaonkar@iitdh.ac.in
https://doi.org/10.1016/j.ijnonlinmec.2021.103718


International Journal of Multiphase Flow 143 (2021) 103728

Contents lists available at ScienceDirect 

International Journal of Multiphase Flow

journal homepage: www.elsevier.com/locate/ijmulflow 

Interfacial phase change effect on a viscous falling film having odd

viscosity down an inclined plane

Sanghasri Mukhopadhyay 

a , ∗, Asim Mukhopadhyay 

b

a Laboratoire LOCIE, Université Savoie Mont Blanc, Chambéry 730 0 0, France
b Department of Mathematics, Vivekananda Mahavidyalaya, Burdwan 713103, West Bengal, India

a r t i c l e i n f o 

Article history:

Received 12 March 2021

Revised 7 May 2021

Accepted 12 June 2021

Available online 13 June 2021

Keywords:

Thin film

Odd viscosity

Phase change

Instability

Film Rupture

a b s t r a c t 

We investigate the phase change effect at the thin film interface with broken time-reversal-symmetry

falling down an inclined flat wall. We consider the impact of evaporation and as well as condensation

at the fluid-vapor interface separately. The non-zero odd part of the Cauchy stress tensor with the odd

viscosity coefficient, which arises due to broken-time-reversal-symmetry, adds an attractive characteris- 

tic in the flow by stabilizing the effect of evaporation/condensation. We study the long-wave instabilities

of the ununiform film by deriving a non-linear evolution equation in the classical long wave expansion

method framework. The one-equation model can track the free surface evolution and accounts for viscos- 

ity, gravity, surface tension, and phase change (evaporation/condensation) effects. Linear stability analysis

confirms that the odd viscosity has no significant impact on the instability threshold of an evaporating

film as a contrast of condensate film, where the critical Reynolds number increases with the odd-viscosity

parameter μ. While studying the weakly non-linear waves, we use the method of multiple scales to ob- 

tain the Complex Ginzburg Landau equation that shows both supercritical and subcritical solutions are

possible for evaporating and condensate film. Interestingly, while one subcritical region is visible for an

evaporating film, two subcritical unstable regions are found for condensate film. The numerical solution

of the free-surface equation illustrates the finite-amplitude behavior that tends to dry out for evaporating

film and rapidly increase film thickness for condensate film. The presence of odd viscosity slows down

both the film thinning process for evaporation and the film thickening process for condensation. Further- 

more, odd-viscosity cannot prevent film rupture in case of evaporation.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

The study of a thin film is a fascinating and evergreen topic of 

scientific research after its broad application in physical, chemical, 

and biological industries. While flowing down an inclined plane, a 

thin layer of the liquid becomes sensitive to surface wave insta- 

bilities. If the retentional plate above which the fluid is flowing is 

heated or cooled, evaporation or condensation may occur at the 

liquid-vapor interface. In the chemical industry, films play the role 

of activating medium for heat transfer in drip and tower coolers, 

scrubbers and rectifying columns, steam boilers, evaporators, and 

oil-refining equipment. In these machinery types, the thin film is 

forced to flow through complicated paths throughout the columns. 

The contact between different phases is mixed up substantially, 

which increases inter-phasic heat and mass transfer. 

∗ Corresponding author.
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Another essential property of a fluid is viscosity, a tensorial 

quantity, and generally, we associate it with dissipation, which 

measures its resistance to velocity gradients. When time-reversal 

symmetry is broken spontaneously or due to rotation or due to 

some external magnetic field’s influence, the viscosity tensor pos- 

sesses a non-vanishing odd part, giving rise to a dissipation-less 

linear response coefficient termed as Odd or Hall viscosity Avron 

(1998) ; Banerjee et al. (2017) . Prior to the above studies, Avron 

et al. (1995) first unveiled the phenomenon of odd viscosity in the 

seminal work in 1995. There are many real-world systems where 

time-reversal symmetry of viscosity tensor is broken, and odd vis- 

cosity effects can be observed, for example, in colloidal Maggi 

et al. (2015) , granular Tsai et al. (2005) , biological Sumino et al. 

(2012) systems etc. However, the effect of odd viscosity has not 

been studied so far deep. 

The primary motivation for the present study is to see the effect 

of odd viscosity in the interfacial phase change in thin-film flow. To 

the best of our knowledge, no work has been performed before to 

address this particular topic though this is very important for the 

https://doi.org/10.1016/j.ijmultiphaseflow.2021.103728
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Hydrodynamic instability and formation of waves for thin viscous film flowing down a slippery inclined
substrate with broken time-reversal-symmetry have been discussed in this present study. The effect of
slip on the substrate is modeled using the Navier slip boundary condition. We have derived a nonlinear
evolution model in the framework of the long-wave expansion technique. The one equation model
can track the free surface evolution and involve the viscosity, gravity, surface tension, and the effect
of the slip of the wall. The odd part of the Cauchy stress tensor with an odd-viscosity coefficient
significantly modifies the characteristic of the film flow. We performed the linear stability analysis
with the Orr Sommerfeld technique and classical temporal analysis from the model. Comparing the
results shows a satisfactory agreement between Orr Sommerfeld and the model when the velocity
scale is chosen as twice the free surface velocity. Analyzing the traveling wave solutions and studying
different bifurcation analyzes and phase diagrams, we focused on and discussed two significant wave
families, namely γ1 (low-wave-speed) and γ2 (high-wave-speed). The spatio-temporal study of the
model has been performed numerically for different odd-viscosity and slip parameters. Results show
that the odd-viscosity plays a stabilizing role while the slip on the substrate gives a destabilizing effect
within the parameter range of our consideration.

© 2021 ElsevierMasson SAS. All rights reserved.

1. Introduction

The flow of liquid layers on a solid substrate is a subject
of intense interest for several decades. In the film flow over a
solid, impervious substrate, solid–liquid interfaces are generally
modeled by a no-slip and no-penetration boundary conditions.
However, Dussan & Davis [1] showed that if the usual no-slip
boundary condition is imposed between the fluid and the solid
surface, the motion necessarily implies a singularity of stress
at the solid–liquid interface. Two approaches were suggested to
remove this singularity that emerged early on, namely (i) the
precursor layer model and (ii) the Navier slip condition. In the
first approach, modeling a very thin precursor layer using hydro-
dynamics can be questionable since its thickness is only a few
Angstroms. The second approach has received extensive study
to remove the stress singularity by modifying the solid–liquid
interface boundary condition. In 1832 during the long debate [2]
over whether fluid can slide over a solid surface, Navier proposed
a slip condition that states that the velocity at the boundary is
proportional to the tangential component of the wall stress [3].

∗ Corresponding author.
E-mail addresses: sanghasri.mukhopadhyay@univ-smb.fr

(S. Mukhopadhyay), as1m_m@yahoo.co.in (A. Mukhopadhyay).

In the context of thin liquid film over a solid impermeable
inclined plane Benjamin [4], and Yih [5] investigated the prob-
lem using no-slip and no-penetration boundary conditions in the
solid–liquid interface. They performed linear stability analysis
and determined the critical conditions for the onset of instability
are rigorously obtained from the solution of the Orr–Sommerfeld
equation under the assumption of long-wave perturbations when
the Reynolds number is of order unity. In 1966 Benney [6] de-
rived a wave evolution equation governing the flow by regular
perturbation technique in terms of flow depth by expanding the
variables in powers of the long-wave parameter. An extensive
review of the literature for the film flow over flat inclined/vertical
substrates with various effects can be found in Fulford [7], Lin &
Wang [8], Chang [9], Hanratty [10], Chang & Demekhin [11].

In most of the articles mentioned above and references
therein, the no-slip and no-penetration boundary conditions are
used in the solid–liquid interface. Later, Pascal [12] considered
the linear stability of a film falling on a permeable interface
modeled by the Navier slip condition. Such a semi-empirical ve-
locity slip boundary condition was initially proposed by Beavers
& Joseph [13]. Under an assumption of small permeability, Pascal
analyzed the Orr–Sommerfeld equation in connection with a
linear stability analysis to obtain critical conditions for the onset
of instability. Saffman [14] provided a theoretical justification of

https://doi.org/10.1016/j.euromechflu.2021.05.013
0997-7546/© 2021 Elsevier Masson SAS. All rights reserved.
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ABSTRACT

Thermocapillary instability and formation of waves for a thin viscous falling film with broken time-reversal-symmetry have been discussed
in this present study. The film is flowing over a flat, rigid inclined plate with linear temperature variation. The presence of the odd part of the
Cauchy stress tensor with odd viscosity coefficient brings new characteristics in thin film flow. The nonlinear evolution model, which tracks
the free surface formation for this problem, has been developed using classical long-wave expansion method. Due to the presence of odd vis-
cosity in the liquid, the evolution equation modified significantly. Both spatial and temporal analysis for linear stability has been performed
along with the investigation of weakly nonlinear waves, leading the free-surface equation into the famous Kuramoto–Sivashinsky equation.
Periodic stationary wave solutions of the full evolution equation confirm the existence of two significant wave families, c1 and c2, which are
discussed in detail. Formation of the dynamical system and study of different bifurcation analysis and phases diagrams are also studied. The
spatiotemporal evolution of the model has been analyzed numerically for different values of the odd viscosity parameter and Marangoni
number. The odd viscosity gives stabilizing effect while the increase in Marangoni number increases the instability.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0040260

I. INTRODUCTION

Hydrodynamics is a discipline of science concerned with forces
acting on or exerted by fluids. Viscosity customarily measures the
resistance of the fluid to velocity gradients. Viscosity is a tensor, and
normally we associate viscosity with dissipation. However, in a break-
through insight, Avron and Elgart1 demonstrated that, in a classical
fluid, when time-reversal symmetry is broken, either spontaneously or
due to an external magnetic field or rotation, the viscosity tensor can
have a nonvanishing odd part, giving rise to a dissipation-less linear
response coefficient termed as odd or Hall viscosity. Realistic odd vis-
cosity effects can be observed frequently, in granular,2 biological,3 and
colloidal4 systems, since time-reversal symmetry is broken in such sys-
tems. However, the effect of odd viscosity has drawn attention to the
researchers only in recent years. In the context of swimming strate-
gies,5 the efficiency of the swimmer is under the sway of odd viscosity.
Hydrodynamics of chiral (asymmetric in such a way that the structure
and its mirror image are not superimposable) active fluids was studied
by Banerjee et al.6 They showed odd viscosity in chiral active fluids

can lead to a density and pressure excess within vortex cores. In bubble
dynamics, the steady state of the bubble explicitly depends on odd vis-
cosity, which is a classical example of a free surface boundary in
hydrodynamics in which odd viscosity plays a significant role.7

Abanov et al.8 studied free surface dynamics of two-dimensional
incompressible fluids with odd viscosity. They established that the sur-
face waves are chiral and even exist in the absence of gravity and van-
ishing shear viscosity. Within the small surface angle approximation,
they found that the equation of motion leads to a new class of nonlin-
ear chiral dynamics governed by a complex Burger’s equation with
imaginary viscosity and an additional analytical requirement that
enforces chirality. Kirkins and Andreev9 investigated the effects of odd
viscosity on the thermocapillary instability of a viscous liquid film sit-
ting on a uniformly heated solid substrate by considering a fixed tem-
perature gradient across the free surface. They found that the odd
viscosity incipient waves can suppress thermocapillary instability, lead-
ing to the stabilization of thin liquid film. In addition, there are experi-
mental observations in the flow of ferrofluids10 that cannot be

Phys. Fluids 33, 034110 (2021); doi: 10.1063/5.0040260 33, 034110-1
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The objective of this study is to inuvestigate the complex dyuamics of an eco-epicdemie predator
prey system where disease is transmitted in prey species and predator population is being

provided with alternative food. Holling type-l funetional response is taken into cosideration 
tor interaction of precdator and jprey species. The hall saturatjon constant tor inteeted prey, the 
growth rate of susceptible prey and torce of intection play a signiicant role to create complex 

dynamics in this predlator prey system where alternative tood is present. It 18 seen that healthy 

disease-free system is possible here. The system shows soe important dynamics viz. stable 

coexistence, Hopf bifurcation. period doubling bifurcatiou and chaos. The analytical results 
obtained from the model are just ified numerically. 

Keyuords: Eco-epidemiological system; stability: bifurcation; alternative food; chaos. 

1. Introduction Huang et al., 2019; Shaikh et al., 2018; Biswas 

Researchers rightly have paid great attention to 
., 2018; Mbava et l., 2017| have paid atten- 

the eco-epidemiological issues recently to study the tion to study predator-prey model with infection in 

predator. Disease in prey is assumed in the models 
terest in the literature. Iu ecology, parasite plays hattpdiyay & Arino, 1999; Hetheote et al., 

a 1hnjor role for various reasons. It has the ability to 2; Lu et al., 2019; Meng et al., 2018; Saha & 

Samanta, 2019; Simon & Rabago, 2018 and dis- 

ease in both prey and precdator is consicdered in 
Kant & Kumar, 2017; Mandal et al., 2018|. In [Guin 

et a., 20135; Guin & Mandal, 2014; Guin & Baek, 

etteet of inteetion. It has also been the topie of wide 

alter the quantitative dynanics of their host pop- 

ulation. lt can also create high amplitude oscilla-

tions in abundance and may even cause the extinc 

tion of host population. Ecosystems with regard 
to competing species is now the topic of greater 
interest in the ficd of bio-nathematical literature. 
The pioneering work of Anderson and May |1991) 
on epidemie model deseribes the dyuamics of dis- 

2018; Pal et a., 2014; Pal et al., 2011; Han et al., 

2020; Sarwardi et al., 201la), the anthors studied
the predator prey models with and without disease. 

The widely stucdied topie in theoret ical ecology 
ease transnission. Subsequently, many rescarchers is the predator prey interaction. The interactionis 
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Abstract
Japanese encephalitis is a vector borne disease and the best procedure for control of this disease is control of vector population.
Now a day use of phyto-chemicals more preferred over use of chemical insecticides. Isolation, purification and determination of
chemical structures of bioactive compounds were done successfully from n-hexane extract of leaf ofM. ferrea. The compounds
shows better potentiality to control Cx. vishnui 3rd instars larvae. n-hexane extract of leaf ofM. ferrea was prepared by Sohxlet
apparatus and further used for bioassay against 3rd instars larvae of Cx. vishnui. n-hexane extract was further fractioned by Thin
layer chromatography to isolate bioactive compounds. From different band of TLC, bioactive compounds bearing band was
isolated by bioassay test. Structures of active principles were determined by FTIR, gas chromatography, mass spectrometry and
with the help of library data list. Cent percent mortality of Cx. vishnui larvae was recorded at 45 ppm concentration of n-hexane
extract of M. ferrea after 72 h of exposure. In isolated bioactive compounds 3-(2-Hydroxyphenoxy)-1, 2-propanediol is one of
predominant compound, may be responsible for mortality of Cx. vishnui larvae. LC50 value for Cx. vishnui 3rd instars larvae of
active compound are 26.76, 25.64 and 20.32 ppm for 24 h, 48 h and 72 h respectively. No mortality were recorded when sub
lethal concentration (LC50) of 24 h of bioactive compound applied on non-target organisms i.e. Chironomus circumdatus,
Daphnia, Diplonychus etc. The compound i.e. 3-(2-Hydroxyphenoxy)-1, 2-propanediol is predominant compound of active
principles and its chemical structure is determine which is major component of n-hexane extract of leaf of M. ferrea. These
bioactive principles are safe for other organisms (non-target) those share the same natural habitat.

Keywords Vector control . n-hexane extract .Mesua ferrea .Culex vishnui . Japanese encephalitis . Active principles

Introduction

Mosquitoes constitute a major public health hazard having the
potential and lethal capacity to kill more than a million victims
a year around the world (Vatandoost and Vaziri 2001).
Mosquito borne diseases such as malaria, filariasis, dengue,
yellow fever and encephalitis are continuing to be major
health problems for the.

People (Das and Ansari 2003). Japanese encephalitis
caused by the mosquito bearing Japanese encephalitis virus
(Mahmud et al. 2010). According toWHOmore than 3 billion
people of South-East Asia and Western Pacific regions are

under the risk of JE transmission. The symptoms of the JE
are quick start of high fever, headache, neck stiffness, coma,
seizures, spastic paralysis and death. 30% mortality occurs
among affected individual bearing disease symptoms. Culex
vishnui Theoblad belonging to the Cx. vishnui group is the
most important vector of JE in India, Srilanka and Thailand
(Lindahl et al. 2012).

Different strategies have been taken to reduce the spreading
of mosquito-borne diseases in many regions of the world.
However, control of such diseases are becoming increasingly
difficult because the over production of detoxifying mecha-
nisms of chemical insecticides as well as emergence of pesti-
cide resistance has been reported for Culex species (Severini
et al. 1993). Biological control of larval mosquitoes by the
application of plant products is one of the important tech-
niques which affords a cheap, easy to use and environment
friendly method. Search for natural pesticides which do not
have any ill effects on the non target organisms and are easily

* Someshwar Singha
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Abstract: Morphometric analysis is used to understand the 
hydrological process and assessment of hydrological 
characteristics of surface water basin. In the present paper, an 
attempt has been made to study the detail morphometric 
characteristics of Kulbera and Daurighara river basin, which are 
tributaries of Subarnarekha River in Purulia district, West 
Bengal. For detailed study, SRTM data has been used for 
preparing digital elevation model (DEM), and Geographic 
Information System (GIS) has been used for the analysis of linear, 
areal, and relief aspects of the basins. Watershed boundary, flow 
accumulation, flow length, stream ordering have been prepared by 
using ILWIS 3.0. Different thematic maps i.e. elevation, geology, 
drainage density, slope and longitudinal profiles of river channels 
have been prepared by using QGIS 3.0 and MapInfo 10.0 GIS 
software. More than 58 morphometric parameters of all aspects of 
the basins have been computed. On the basis of morphometric 
analysis it has been argued that the erosional development has 
progressed well beyond maturity and that the drainage 
development is controlled by lithology. Besides,it can be concluded 
that this study will also be very useful for rain water harvesting 
planning and watershed management. 

Keywords : Morphometric Analysis, SRTM (DEM), Kulbera & 
Daurighara and RSGIS. 

I. INTRODUCTION 

Water is a valuable resource and an essential human

need. Demands of water already exceed supply in many parts 
of the world and many more areas are expected to experience 
the imbalance of demand and supply in the near future. 
Climate change will have significant impacts on water 
resources around the world because of the close connections 
between the climate and hydrological cycle. Watershed 
management plays an important role of it and watershed 
morphometry study is an important aspect in its management 
[1- 4]. Morphometry analysis of a watershed is helpful in 
understanding the impact of stream morphometry. 
Morphometry analysis is the measurement and mathematical 
analysis of the configuration of the Earth’s surface, shape and 

dimension of its landforms [5-6]. Morphometric analysis tool 
and technique is one of the most important to determine and 
evaluate drainage basin responses to climate change and 
drainage characteristics [7], flash flood hazard [8], and 
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hydrological processes [9]. Flood analysis in the river basins 
needs geomorphological parameters which govern the 
hydrological response of the river basin [10]. The 
morphometric characteristics at the watershed scale may 
contain important information regarding its formation and 
development because all hydrologic and geomorphic 
processes occur within the watershed. Morphometric analysis 
of a watershed provides a quantitative description of the 
drainage system, which is an important aspect of the 
characterization of watershed [11].  Remote sensing 
technique has been developed for the analysis of the stream 
morphometry and it is a powerful tool in recent past. Remote 
sensing has the capacity to get information for an extensive 
and remote zones and it is also a very useful technique in 
analyzing the morphometry in any drainage system. Remote 
sensing and GIS techniques have developed as an effective 
tool for the watershed development programmes. 
Morphometry analysis is used in watershed prioritization and 
it helps to understand hydrological characteristics of the 
watershed like structure, relief of the watershed, stream 
network, platform and topology [12-14]. Linear features, 
areal aspects, gradient of channel network and ground slope 
of the drainage basin are required for morphometric analysis. 
Watershed is used as a basic unit for morphometric analysis 
in a logical choice. Remote sensing and Geographical 
Information System (GIS) is a powerful tool in recent years, 
which plays a vital role for understanding the 
hydrogeological conditions, prevailing climate, geological 
structure and geomorphology of the drainage basin [15]. 
Geographical Information System (GIS) technique is a much 
efficient and time saving technique which are suitable for 
spatial planning. Manipulation and retrieval of large data 
base can be handled by the GIS more effectively. It can also 
solve many complex issues besides facilitating retrieval and 
querying of data [16]. Morphometry characteristics of the 
basin help us for the management of rainwater harvesting in 
the watershed. 

II. STUDY AREA

Kulbera and Saurighara rivers are the tributary of 
Subarnarekha River and these basin are contiguous basin to 
each other. Kulbera and Daurighara river basins are covered 
an area of 118.50 sq. km. and 160.04 sq. km. respectively and 
the area  is located between 230 06/ 45// N to 230 16/ 56// N 
latitude and 850 54/ 30// E to 860 08/ 39// E longitude (Figure 1). 
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Morphometric Analysis of Kumari River Basin 
Using Geospatial Approach in Purulia District of 

West Bengal, India 
Shambhu Nath Sing Mura 

Abstract— The morphometric analysis of the drainage basin plays an important role in the geohydrological nature of the drainage basin

and it expresses the prevailing evolutionary history of the basin. Remote Sensing (RS) and Geographic Information System (GIS) have 

emerged as an important tool in demarcation of drainage basin, pattern and groundwater potential and its planning. Geospatial techniques 

can be used for the identification of morphological characteristics of the drainage basin. In this study, SRTM data has been used to extract 

the basin boundary and various morphometric parameters of Kumari river basin.  The morphomeric parameters of the basin deals with lin-

ear, areal and relief features such as stream order (Nu), stream length (Lu), bifurcation ration (Rb), drainage density (Dd), stream frequen-

cy (Fs ), elongation ratio (Re), circulatory ratio (Rc) ), texture ratio (Rt), length of overland flow (Lg), and form factor ratio (Rf) etc. have 

been dealt in the present study. Morphometric analysis of Kumari drainage basin reveals that it is a 7th order and dendritic type of drainage 

basin thereby indicates homogeneity in texture and lack of structural control. In the Kumari watershed, total nuber of stream is 2087 

whereas first order stream is 1577 and second order stream is 386, 87 third order stream, 28 fourth order stream, 6 fifth order stream, 2 

sixth order stream and one seventh order stream. First order stream length is maximum and its decreases with increasing stream order. In 

this study, morphometric analysis is a useful tool for the sustainable development and planning strategies in control the soil erosion and 

conservation of water resources. 

Abstract— Morphometric Analysis, RS & GIS, Water Resource, Management, Kumari River Basin   

——————————      —————————— 

1 INTRODUCTION                                                                      

HE drainage basins are the most important fundamental 
units of the watershed management and in terms of geo-
metric characteristics of fluvial landscape. Geographical 

Information System (GIS) and Remote Sensing (RS) have used 
for understanding the morphometric characteristics of river 
channel and its drainage network. Morphometry indices of the 
watershed interpret the hydrological characteristics of a river 
basin [1]. Morphometric analysis has been used to identify the 
relationship of various parameters in the watershed. It is a 
comparative morphometric parameters evaluation of various 
watersheds to know different geomorphological and topo-
graphical condition. Watershed is a natural is a natural hydro-
logical entity from which surface runoff flows to defined 
drained, channel, stream at a particular point [2]. Morphomet-
ric parameters of the watershed is very important for water-
shed planning and management and it gives an idea about the 
basin characteristics such as slope, topography, soil condition, 
runoff characteristics, surface water potential etc. [3]. The most 
common morphometric parameters of the watershed are 
stream order, stream number, stream length, mean stream 
length, stream length ratio, bifurcation ratio, mean bifurcation 
ratio, drainage density, drainage texture, stream frequency, 
relief ratio, form factor, elongation ratio, circulatory ratio, 
length of overland flow etc. [4]. In many papers has defined 

the formula of each parameters as same. There is no complete 
classification for all parameters. Several papers have stated 
that resulted values of certain parameter are either high or low 
and it indicates condition but the range of value is not includ-
ed. There are no statements of the implication of high and low 
value of a particular morphometric parameter. The quantita-
tive analysis of morphometric parameters likes linear, relief 
and areal are immense utility in river basin evaluation, water-
shed prioritization for flood and water conservation and natu-
ral resource management [5. Drainage basin in the semi arid 
region is conductive to flash flood generation [6]. GIS helps to 
create data base for the watershed which is used for carrying 
out spatial analysis and decision makers informing appropri-
ate measure for critically affected areas [7]. This study will 
help in better understanding the hydrological characteristics 
of the basin, flood potentiality, drainage management, 
groundwater potential and erosion for watershed planning 
and management. 

2 METHODOLOGY AND DATA BASE 

For the study of morphometric parameters of the basin are 
effective done using modern RS and GIS techniques. Kumari 
watershed map is a sub-watershed drainage basin of Kang-
sabati watershed was prepared with the help of Survey of In-
dia (SoI) toposheets and SRTM-DEM data and then it was dig-
itized. SoI toposheets number 73E/15, 73E/16, 73I/3 and 
73I/4 have been used to extract morphometry parameters for 
the present study. A geo-hydro processing model was used for 

T 
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ON MODEL ROBUSTNESS IN DISCRETE DESIGN(S) SET UP: 

A TEACHER’S MANUAL 

MADHURA MANDAL* 

Vivekananda Mahavidyalaya, Burdwan, West Bengal, India 

Abstract: The problem studied here involves choice of optimum designs for 

estimation of a full set of treatment effects contrasts in a block design (BD) setup, 

when positional effects may also be present, besides treatment and block effects. The 

experimenter is not sure about which of the two models, viz. a block design model or 

a row-column design model is appropriate. Using weights on the optimality criteria in 

the two set-ups based on prior knowledge, robust designs are investigated.   

Keywords and phrases: Discrete set-up, Model robust designs, BIB designs, 

Youden Square  designs. 

1. INTRODUCTION 

Substantial literature has accumulated on the theory of optimum designs both 

in the regression and discrete set-up. Optimum designs are determined for the 

estimation of parameters or functions of the parameters of the model assumed. 

The approaches and methodologies or treatments in the two set-ups viz. 

discrete and continuous, are completely different. There is a vast literature on 

the theory of optimum designs and related construction procedures for both 

regression and discrete designs. Generally optimality studies, as in other 

statistical investigations, are based on a set of assumptions. Naturally the 

question arises : how far an optimum design in a given set-up remains 

optimum when one or more of the assumptions are violated. Parallel to 

optimality studies, several researchers investigated the robustness aspects of 
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Insurance Parameters, Linkages between Investment and Economic Growth in India

Shrikant Madar1

Sheetal D. Arondekar2

With the advent of private sector life insurance firms, the post-2000 period has led to fierce competition
amongst the firms to retain existing and attract prospective consumers with their innovative life
insurance products. This paper is an attempt to examine the trends and performance of the life
insurance sector in India and to analyze the impact of this sector’s investment on the gross domestic
product(GDP)for the period from 2000-01 to 2019-20. The database for this study is purely dependent
on secondary sources namely, the Handbook on Indian Insurance Statistics and RBI. Data were
analyzed using MS-Excel and GRETL Software and results were presented in the form of tables and
graphs. For effective data analysis, the econometrics models such as linear trend line analysis, Log-
linear model, and correlation analysis were applied. The performance of the life insurance sector is
assessed using the parameters, viz., insurance penetration, and insurance density. The study reveals
that life insurance density and penetration have an increasing trend that results in the overall growth of
the economy and also shows that investment in the life insurance sector has a significant association
with India's GDP.

Keywords: Insurance, Investment, Economic Growth, Hypothesis testing, Econometric and Statistical
Methods.
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Does High Trade Volume Affect the Fiscal Deficit of India? An Econometric Investigation

Diptarghya Bhattacharjee1

This paper establishes the relation between fiscal deficit and trade volume of India and apart from trade
volume also the other variables are government final consumption expenditure and share of defence
expenditure of total GDP of India and the theory says that the trade volume has the negative relation
with the fiscal deficit but by using the Engle-Granger two step cointegration approach it is found that
there is the cointegration between fiscal deficit, trade volume, government final consumption
expenditure and share of defence expenditure even though there is no cointegration between trade
volume and fiscal deficit solely and also having the positive relation between trade volume and fiscal
deficit in case of India which contradicts the theory and the only reason is high import which raises the
expenditure of government and the fiscal deficit is supressed if there is the balance trade and also
government should increase the tax base and which will automatically reduce the government
expenditure and fiscal deficit as well.

Keywords: Fiscal deficit; Trade volume; Government final consumption expenditure; Share of defence
expenditure
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Maternal and Child Health Deprivation Scenario - An Analysis of Longitudinal Data Across
Selected SAARC Countries

Soumyendra Kishore Datta1

Tanushree De2

The issue of health care benefits for females during maternity and that of children should be considered
in an integrated manner and not in isolation. Children health deprivation often gets aggravated due to
inadequacy in maternal health condition. It is rightly viewed that child bearing phase of mother and
condition at delivery constitute the prime definite life incidents that have a bearing on the health status
of a child’s future life courses. In this context, a maternal health deprivation index and child health
deprivation index based on some relevant components are developed in the context of six SAARC
countries over 2000-2016. Principal component method and UNDP goalpost method are applied in this
context for deriving the indices and corresponding ranks. The variation in these indices are further tried
to be explained by considering several relevant factors. A recursive simultaneous equation structure is
applied for explaining the simultaneity in variation of these two deprivation indices. It is observed that
provision of several health related benefits needs to be made in order to lift the poor state of maternal
and child health in some of the considered countries.

Keywords : Maternal Health, Child Health, Deprivation Index, Simultaneous Equation, SAARC
Countries.
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Abstract 

Floodplain wetlands have considerable ecological and economic significance. The study area, 

consisting of the Bhagirathi–Jalangi Floodplain (BJF), is endowed with numerous wetlands. Based on 

the tentative time of origin and wetland index map, the investigation selects eight major riparian 

wetlands and their surroundings from the meander belt of the rivers Bhagirathi and Jalangi. The study 

primarily emphasizes on periodic mapping for areal change detection and identification of emerging 

issues between 1955 and 2018. The data used for the present research includes Topographical maps, 

Landsat imagery, Google maps, Sentinel 2B imagery of different time periods and some ancient maps 

which depict the old courses of river Bhagirathi and Jalangi. By using geospatial techniques and field 

investigation, the study reveals that from 1955 to 2018, wetlands have been shrinking rapidly. It is 

found from the investigation that total wetland area has reduced by about 39.60% due to land 

reclamation and wetland transformation. The land use change detection depicts that agricultural 

expansion, which has increased up to 35%, is the dominant control factor for wetland decay. More 

than 87% of the selected wetlands have experienced area loss. Among the selected wetlands, 25% 

have lost more than 90% of their areal extent during the stipulated study period. Normalized 

Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) are the two 

indices used for measuring the concentration of aquatic plants. Geospatial analysis suggests that the 

NDVI value is higher in pre-monsoon season in comparison with post-monsoon. High NDVI value which 

is ≥ 0.51 covers more than 81% of the wetland surface area. In contrast, low NDWI value (≤ 0.20), 

covering more than 60% of the wetland surface area, is found in 75% of the selected wetlands. The 

study finally concludes that due to accelerated anthropogenic intervention floodplain wetlands in the 

BJF require special attention to ensure future sustainability. 
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Complex Dynamics of an Eco-Epidemic System
with Disease in Prey Species
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The objective of this study is to investigate the complex dynamics of an eco-epidemic predator–
prey system where disease is transmitted in prey species and predator population is being
provided with alternative food. Holling type-II functional response is taken into consideration
for interaction of predator and prey species. The half saturation constant for infected prey, the
growth rate of susceptible prey and force of infection play a significant role to create complex
dynamics in this predator–prey system where alternative food is present. It is seen that healthy
disease-free system is possible here. The system shows some important dynamics viz. stable
coexistence, Hopf bifurcation, period doubling bifurcation and chaos. The analytical results
obtained from the model are justified numerically.

Keywords : Eco-epidemiological system; stability; bifurcation; alternative food; chaos.

1. Introduction

Researchers rightly have paid great attention to
the eco-epidemiological issues recently to study the
effect of infection. It has also been the topic of wide
interest in the literature. In ecology, parasite plays
a major role for various reasons. It has the ability to
alter the quantitative dynamics of their host pop-
ulation. It can also create high amplitude oscilla-
tions in abundance and may even cause the extinc-
tion of host population. Ecosystems with regard
to competing species is now the topic of greater
interest in the field of bio-mathematical literature.
The pioneering work of Anderson and May [1991]
on epidemic model describes the dynamics of dis-
ease transmission. Subsequently, many researchers

[Huang et al., 2019; Shaikh et al., 2018; Biswas
et al., 2018; Mbava et al., 2017] have paid atten-
tion to study predator–prey model with infection in
predator. Disease in prey is assumed in the models
[Chattopadhyay & Arino, 1999; Hethcote et al.,
2004; Lu et al., 2019; Meng et al., 2018; Saha &
Samanta, 2019; Simon & Rabago, 2018] and dis-
ease in both prey and predator is considered in
[Kant & Kumar, 2017; Mandal et al., 2018]. In [Guin
et al., 2015; Guin & Mandal, 2014; Guin & Baek,
2018; Pal et al., 2014; Pal et al., 2011; Han et al.,
2020; Sarwardi et al., 2011a], the authors studied
the predator–prey models with and without disease.
The widely studied topic in theoretical ecology
is the predator–prey interaction. The interaction is
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a b s t r a c t

The present study investigates the influence of Hall/odd-viscosity on the surface wave and ther-
mocapillary instabilities in a thin viscous film flowing down an inclined plane. A detailed analysis
considering a generalized scaling for the velocity field to understand the effect of odd-viscosity in the
hydrodynamic and thermocapillary modes of instabilities has been performed, and later the results
are presented for a specific velocity scale. Starting with Orr–Sommerfeld (OS) linear stability analysis
for all ranges of wavenumber and then constructing two low-dimensional models; namely, the Long
wave expansion model (LWE) and the Weighted residual integral boundary layer model (WRIBL)
under the assumption of small wavenumber are analysed for linear and nonlinear behaviour of the
instabilities analytically and numerically. Two energy transferring mechanisms reinforce each other to
the disturbance: hydrodynamic H-mode and thermocapillary S-mode are focused and found that the
odd viscosity plays a stabilizing role for both the modes of instabilities. For small Reynolds number
(Re) values, both LWE and WRIBL models give consistent results as that of the OS. However, for a large
value of Re, WRIBL gives way better match with OS than LWE. Increasing odd viscosity flattens the
streamlines in a moving frame of reference, confirming the odd viscosity’s stabilizing effect. However,
being non-dissipative, odd viscosity has no significant influence on the temperature field. In a static
frame, the intensity of capillary separation and flow reversal phenomena decreases with the increase
of odd viscosity, confirming its stabilizing effect on the flow.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Hydrodynamics of falling film on a flat surface usually involve
the classical fluid motion due to gravitational pressure gradient
and become unstable when inertia overcomes hydrostatic pres-
sure effects. The disturbance emanates at the free surface, where
the vorticity is produced by the base flow shear stress. With the
disturbing interface, as advected by the base flow, the perturba-
tion vorticity becomes out of phase to cause the amplification of
the disturbance at the interface.

When a fluid layer is allowed to flow over a heated surface,
the dynamics are regulated by several competing mechanisms.
The first one is the classical long-wave instability developed from
the isothermal flows, which was first studied experimentally
by Kapitza and Kapitza [1] where a wide variety of wavy regimes,
like a rolling wave with a capillary hill, a series of nearly solitary
waves or almost harmonic waves of falling liquid films had been
observed. This mode of instability is known as the hydrodynamic

∗ Corresponding author.
E-mail addresses: sanghasri.m@vit.ac.in (S. Mukhopadhyay),

asimmukhopadhyay@vmbdn.ac.in (A. Mukhopadhyay).

mode or H-mode in the literature. This instability mode was anal-
ysed theoretically in more detail by Benjamin [2] and Yih [3]. The
key findings of these analyses are that the instability of the film
manifested as a gravity-driven surface wave of long-wavelength
disturbances and for a critical value of the Reynolds number,
given by Rec = 5 cotβ/6, (β being the inclination angle), beyond
which flow become unstable. Benney [4] exploited the relative
thinness of the liquid layer and carried out an asymptotic analysis
which yielded a single evolution equation for the thickness of
the layer. Gjevik [5] improved the accuracy of the asymptotic
expansions and obtained an equation for the evolution of the
thickness, referred to as the Benney equation (BE). Unfortunately,
this equation suffers from an artificial singularity for sufficiently
large Reynolds numbers. However, it is much simpler than the full
dynamic equations. The BE model is proved to be consistent and
frequently used to study the weakly non-linear behaviour of film
flows for example, film evaporation (Joo et al. [6]), non-uniform
heating [7], topographical effects (Kalliadasis et al. [8]), Van der
Waals force (Tan et al. [9]), a chemical reaction (Trevelyan et al.
[10]), etc.

Scheid et al. [11] have studied the validation domain of Benny
equation deeply with the Marangoni effect. They ultimately con-
cluded that BE would remain useful as a consistent falling film

https://doi.org/10.1016/j.physd.2022.133404
0167-2789/© 2022 Elsevier B.V. All rights reserved.
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ABSTRACT

The interfacial phase change effect on a thin film flowing down an undulated wall has been investigated in the present study. The study is
performed for a general periodic undulated bottom of moderate steepness that is long compared to the film thickness, followed by a case
study over the sinusoidal bottom. The long-wave instabilities of the ununiform film are used by deriving a nonlinear evolution equation in
the classical long-wave expansion method framework. The one-equation model can track the free surface evolution and involve the bottom
undulation, viscosity, gravity, surface tension, and phase change (evaporation/condensation) effects. Linear stability analysis shows that the
bottom steepness f has a dual role. In the downhill region, increasing f destabilizes, whereas increasing f stabilizes in the uphill region.
Weakly nonlinear waves are studied using the method of multiple scales to obtain the complex Ginzburg–Landau equation. The results show
that both supercritical and subcritical solutions are possible for evaporating and condensate film. Interestingly, while one subcritical region is
visible for an evaporating film, two subcritical unstable regions are found for condensate film. The numerical solution of the free-surface
equation demonstrates the finite-amplitude behavior that tends to dry out for an evaporating film. For condensate film, the thickness
increases rapidly. The rupture dynamics highly depend on the initial perturbation, and the bottom steepness has a negligible effect on it.
Kutateladze number has a significant impact on the stability characteristic of the film flow as it represents a sort of efficiency of phase change
that occurs at the interface.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0089068

I. INTRODUCTION

Falling liquid film on an inclined/vertical plane substrate is one
of the most important hydrodynamic problems that exhibit a wide
variety of spatial and temporal structures. It is a convectively unstable
open-flow hydrodynamic system, governed by Navier–Stokes equa-
tions coupled with equation of continuity with appropriate boundary
conditions, except when the Reynolds number and angle of inclination
are small enough and surface tension is large enough and in that case
flow remains parallel, laminar, and unidirectional down the plane sur-
face. The problem is extensively studied experimentally, numerically,
and analytically for a long time. Wave evolution on falling liquid film
has been extensively studied over the last few decades, starting from
the pioneering work by Kapitza and Kapitza.1,2 Where a wide variety
of wavy regimes, like a rolling wave with a capillary hill, a series of
nearly solitary waves or almost harmonic waves of falling liquid films

had been observed. In this situation, the stability and its criteria for
falling films are needed to be understood. Reportedly, the beginning
works in the field of stability analysis or falling films were done by
Benjamin3 and Yih4 who investigated the long-wave instability of fall-
ing film over an inclined plane theoretically. They determined the
phase velocity of the waves and critical Reynolds number for the tran-
sition, respectively. Benny5 derived a wave evolution equation govern-
ing the flow by regular perturbation technique in terms of flow depth
by expanding the variables in powers of the long-wave parameter.
Turkyilmazoglu et al.6,7 recently worked on the absolute and convec-
tive instabilities on boundary layer flow problems. An absolute insta-
bility is appropriate for unstable flow if its response to an impulse in
time and space amplifies unboundedly everywhere in space for a large
time.

A detailed review can be found previous research studies.8–13
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Influence of Allee effect 
on the spatiotemporal behavior 
of a diffusive predator–prey model 
with Crowley–Martin type response 
function
Lakshmi Narayan Guin 1, Pallav Jyoti Pal 2, Jawaher Alzahrani 3*, Nijamuddin Ali 4, 
Krishnendu Sarkar 1, Salih Djilali 5,6, Anwar Zeb 7, Ilyas Khan 8* & Sayed M Eldin 9

The present paper is dealt with a predator–prey model in which the growth of the prey population 
is influenced by the Allee effect while the predator species are contended with the prey population 
following the Crowley–Martin type response function. The proposed model is comprehensively 
analyzed in terms of stability and manifestation of bifurcation of the system. The system unveils the 
bi-stability together with the existence of a separatrix. In view of the eminence of spatial ecology, 
the dynamical complexity emanating from the induction of the Allee effect in prey species of a 
Crowley–Martin reaction–diffusion predator–prey model is also investigated profoundly. The results of 
numerical simulations reveal that the present system dynamics is motivated by both the Allee effect 
and diffusion-controlled pattern formation growth to hot spots, stripe-hot spot mixtures, stripes, 
labyrinthine, stripe-cold spot mixtures, and cold spots replication. The theoretical consequences of 
the spatiotemporal model under study are validated through numerical simulations.

During the last couple of decades, the Allee effect, together with its immediate consequences on ecology and 
conservation of biomass has been drawing attention to the  researchers1,2. The Allee effect usually refers to a pro-
cess that alleviates the growth rate for small population  density2. For example, the Allee effect in prey population 
is designated by the fact that the prey species possess a probability of localized extinction, causing the specialist 
predator to suffer from looking for resources thereby. This may result in saturation in consumption that goes 
against the assumption in the realm of ecological  system3–6. The concept of the Allee effect was widely accepted 
and gained momentum in major recognition towards the golden period of the late eighties of the 20th  century7–11. 
It has been reported that the induction of the Allee effect in the predator–prey interacting system leads to vari-
ous dynamical  complexities12–16 where the researchers highlighted mainly on the conditions for extinction and 
survival of the population. Diverse factors, including mating limitation, cooperative defense, combined feeding, 
and environmental conditioning, give rise to the growth of prey species influenced by the Allee effect. Of all these 
factors, the mating  constraint17 seems to be the most pervasive one as it becomes difficult to locate the mating 
individuals at low density.

In the event of one, multi Allee effects exerting impact on a single population concomitantly, the situation may 
be expressed as single, double, or multiple Allee effects, respectively. It can be either multiplicative or additive. 
The most known increasing function that describes this effect is
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ABSTRACT 

Japanese encephalitis (JE) which was previously known as Japanese B encephalitis, is caused by the Japanese 

encephalitis virus. Plant produced the photochemical mainly for their own defense mechanism is experimentally 

used to control varieties of insect pests or vectors. Crude extract (0.1%, 0.2%, 0.3%, 0.4% and 0.5%) of leaves 

of Holoptelea  integrifolia when applied on third instars mosquito larvae in successive seasons i.e. Summer, 

Rainy and Winter, caused 100 percent mortality at 0.5% concentration in summer after 72 h of exposure. In 

Winter, also a 100 percent mortality of the third instars of Cx. vishnui group larvae were noticed after 48 h of 

exposure at 0.5% concentration. Out of three predominant seasons in West Bengal, variation in the mortality of 

Cx. vishnui group larvae by crude extract of H. integrifolia leaf are well established and mortality increases with 

higher extract concentration and time of exposure. Highest mortality was noted in Rainy season followed by 

Summer and Winter. 

Keywords: Holoptelea integrifolia; Culex vishnui; mortality; mosquito; larvae; seasonal variation. 

1. INTRODUCTION

Mosquito belonging to the family Culicidae is divided 

into three sub families namely Culicinae, 

Anophelinae, and Toxorhynchitinae, in which all the 

disease transmitting vectors are included. Female 

mosquito uses blood meal as protein and vitamin 

source for egg development. According to NVBDCP 

(National Vector Borne Disease Control programme) 

under The Ministry of Health and Family Welfare, 

Government of India. Culex vishnui is the chief vector 

of Japanese Encephalitis in different parts of India, 
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Abstract  

In the initial days of post-colonial India the acceptance of English language as a 

medium of expression in literary works was seen against Nationalistic approach. In 

that juncture Kamala Das’s (1934-2009) adoption of English language over her 

mother tongue Malayalam was considered an audacious act. And this was due to 

the fact that being a woman she choose powerful English language as her medium 

of writing.   In my paper I’ve tried to show the probable reasons behind Das’s use of 

English language in delivering her literary works. Among numerous reasons the most 

important one is the dominating nature of this language that helps Das to release 

the suppressed self of being a woman. English language has a masculine nature and 

using it according to someone’s needs require inherent power. And the same in case 

of Das becomes really a matter of audacity as she challenges the male-dominated 

society in her works. 

Keywords: Indian Writing in English, Feminism, Gender Study, Confessional Poems. 

Kamala Das (1934-2009), a bilingual writer of 

both Malayalam and English languages, is widely 

known as an Indian English Writer. She is considered 

as a seminal poet writing in Indian English. She 

started writing in a post-colonial India. Her first 

poem was published in 1947. That was a time when 

literature(s) of significant quantity and quality, as 

well, were being produced in numerous regional 

languages in India. In post-1947 scenario writing in 

Indian languages was considered having a 

nationalistic approach. Apart from this, there was a 

tendency to underestimate the value of literature 

written by an Indian in the English language as an 

inferior one. It was generally considered that 

literature of seminal value could only be written in 

writer’s mother language as according to them it 

was an impossible task to acquire other languages as 

a medium of spontaneous expression. The same 

argument was voiced by Buddhadeva Bose, a 

prominent Bengali writer and critic, in 1963, “Indo-

Anglian poetry is a blind alley, lined with curio shops, 

leading nowhere” (415). And it was not Bose alone, 

there were other critics too who were thinking in the 

same manner.   

K.R.S. Iyengar was well aware of the fact and 

in the formative years of Indian Writing in English 

(earlier known as Indo-Anglian Literature), when 
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ABSTRACT: A colorimetric assay has been developed for Zn2+ and homocysteine (Hcy) detection using functionalized silver
nanoparticles (AgNPs). AgNPs have been synthesized using silver nitrate, where sodium citrate is used as a stabilizing agent and
NaBH4 as a reducing agent. Then, the nanoparticles (citrate@AgNPs) were functionalized with 1H-imidazole-4,5-dicarboxylic acid
(IDCA). UV−visible and FTIR spectra suggested that IDCA was functionalized on the surface of citrate@AgNPs through the N
atom of the imidazole ring. The IDCA-functionalized silver nanoparticles (IDCA@AgNPs) simultaneously detected Zn2+ and Hcy
from aqueous solution and showed different responses to the two analytes (Zn2+ and Hcy) based on the aggregation-induced color
change of IDCA@AgNPs. They showed the color change from yellow to red, which was easily discriminated by visual inspection as
well as UV−visible spectroscopy. The surface plasmon resonance absorbance values of Zn2+ and Hcy are 485 and 512 nm,
respectively, when Zn2+ and Hcy react with IDCA@AgNPs. IDCA@AgNPs showed linearity with Zn2+ and Hcy concentrations,
with the detection limit of 2.38 μM and 0.54 nM, respectively (S/N = 3). The IDCA@AgNPs showed excellent selectivity toward
Zn2+ and Hcy compared to the different metal ions and amino acids, respectively. Optimal detection was achieved toward Zn2+ and
Hcy in the pH range 3−10. In addition, IDCA@AgNPs were used to detect Zn2+ and Hcy from lake water, showing low interference.

1. INTRODUCTION
Zinc is the second most abundant transition element after iron,
which participates in various aspects in biological metabolism.
It plays various roles in the synthetic routes within cells,1

normal growth of human body,2 and normal brain function.3 It
is normally nontoxic, but uptake by humans due to high
environmental concentrations of Zn2+ ion causes pulmonary
manifestations, fever, chills, and gastroenteritis. Thus, the
determination of trace amounts of Zn2+ ion is currently of great
interest in medical sciences as well as environmental
monitoring.

On the other hand, Hcy is a sulfur-containing amino acid in
which a free −SH group is present as in cysteine, and Hcy is
the intermediate formed during the conversion of methionine
to cysteine. Free Hcy is not available naturally as it exists in
plasma, in disulfide form as well as in protein-bound form.
Therefore, it is complicated to determine the total Hcy after

the reduction of disulfide. The normal concentration of Hcy in
plasma ranges from 5 to 15 μM. The condition when the level
of Hcy is above 15 μM is defined as hyperhomocysteinemia.
High plasma levels of Hcy are associated with several diseases
such as cardiovascular disease,4 Alzheimer’s disease,5 neural
tube defects,6 and osteoporosis.7 Hence, the determination of
Hcy in plasma or protein is highly important.

Currently, there are common techniques employed for the
detection of Hcy or Zn2+, such as atomic absorption
spectroscopy (AAS),8 fluorescence,9 electrochemical meth-
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Abstract

Of concern the present study deals with an updated food chain model in a natural environment with the inclusion
of fear effect in the prey population through Holling type II functional response in presence of prey refuge effect.
The present model is affluent with intra-specific competition among the hunter species having specific mortality. The
model system emphasizes its characteristics in the proximity of the probable equilibrium position in the realm of
biological dynamics. The response of the system is explored further for its stability analysis based on prerequisites
and Hopf-bifurcation phenomena as well with respect to some significant model parameters. Extensive numerical
simulation reveals the validity of the proposed model so as to indicate the ecological implications.

Keywords: (Food chain model, Fear effect, Intra-specific competition, Prey refuge, Coexistence state, Stability,
Hopf-bifurcations)
2020 MSC: 34K18, 34K20, 37B25, 37G15

1 Introduction

Mathematical model formulations including prey-predator, food chain and other ecological models and their anal-
yses have established a new trend of research in theoretical ecology (cf. [21], [23], [18], [22]). The predator-prey
interaction mechanism plays an important role in the behaviour of the proposed model.

In the ecosystem, there are enormous numbers of species of different kinds, of which prey and predator species
play crucial role in various types of interactions among the species in the system. Quite often the interaction between
the prey and the predator becomes the center of attraction in an ecosystem [24], [35] for complete understanding
their dynamical behavior. For this purpose, various mathematical models [16], [27] have been made use of so that
the outcomes of the models depending on model parameters often yielded new dimension in the domain of research.
With the evolution of mathematical models in ecosystem, Rosenzweig and MacArthur [31] developed a model by
combining Lotka- Volterra modified model having logistic growth rate for prey with predation rate of predator by
using Holling type II [15] in order to establish their findings closer to the real situation. Many more researchers [11],
[14] put forward three-dimensional models and explored various changes with the motivation of looking at different
domains of interest. Such modifications include many factors in the realm of the dynamics of the ecosystem like fear
effect, prey harvesting, delay effect, intra-specific competition and hunting cooperation as well [25], [8], [9], [28], [32].
A nonautonomous predator-prey model with fear, prey refuge and additional food together has been studied in [36].
The influence of Allee [33] with defense mechanism in the dynamical complexity is however, nor ruled out from the
investigation. Evolutionary process in nature has been studied to illustrate the diversity of living animals [6], [38].
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ABSTRACT

Zn-substituted copper ferrite nanoparticles (NPs) with size distribution 7–13 nm

have been synthesized by a combination of sonochemical and standard co-

precipitation methods. The crystallite size, phase purity, as well as cationic

distribution are obtained from the Rietveld analysis of X-ray diffraction pattern.

The transmission band near 575 cm-1 in FTIR spectrum represents the intrinsic

metal oxide stretching vibrations at tetrahedral lattice site. The Raman spectra

not only confirm the metal–oxygen bonds in tetrahedral/octahedral lattice sites,

but also the phase purity of the sample. Using the log-normal distribution of

particle sizes as obtained in HRTEM analysis, DM vs. T curve [where DM cor-

responds to difference between field-cooled (FC) and zero field-cooled (ZFC)

magnetization] are mathematically fitted and mean blocking temperature, ani-

sotropy constant and average frequency of oscillation of SPM particles are

obtained from fitted data. The minor deviation from the experimental curve and

theoretical fitting suggests that our system is mostly composed of single-domain

(Super-paramagnetic) particles but a fraction of multi-domain (Ferromagnetic)

particles are also present, which also contribute to magnetic responses. The

temperature dependence of the magneto-crystalline anisotropy constant is also

derived using the ‘‘law of approach’’ (LA) to saturation. We have fitted all the

hysteresis curves and contribution of each magnetic phase (SPM, FM and PM) is

extracted quantitatively from fitting. The present work is aimed to explore the

underlying physics of ferrite system consisting of multiple magnetic phases.
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a b s t r a c t

Mn doped Gd2(1‐x)Mn2xO3 (x = 0.03, 0.05) nanoparticles were prepared by simple co-precipitation method. 
The distribution of the cations in the six coordinated 8b and 24d sites were determined from Rietveld 
analysis. In addition, the cation-anion-cation bonds length which are responsible for the super-exchange 
interaction was extracted to describe the magnetic interaction in the samples. Transmission electron mi-
croscopy (TEM) and Raman spectroscopy were employed to investigate the microstructure and presence of 
any impurity (if any) phase of the samples. X-ray photoelectron spectroscopy (XPS) reveals the decrease in 
the number of Gd-O bonding and a corresponding increase in Mn-O bonding due to the successful re-
placement of Gd ions by Mn ions as the concentration increases. The first (nearest neighbor) and second 
exchange integral (next to nearest neighbor) were determined from molecular field model and the values 
confirm the occurrence of the antiferromagnetic interaction in the samples. The anomalies in the 1 vs. T 

data and non-linearity in M-H curve at 5 K were successfully interpreted by the cationic distribution in 
different local symmetry sites.

© 2022 Elsevier B.V. All rights reserved. 

1. Introduction

The field of dilute magnetic semiconductor/dielectric (DMS/ 
DMD) is studded with many doped or undoped rare earth oxides. In 
this regard, recently gadolinium oxide (Gd2O3) has become one of 
the attractive compounds. Gadolinium (Gd) has a great affinity to-
wards oxygen, thus forms oxides easily. It is one of the leading rare 
earth oxides having fascinating qualities like low toxicity, crystal-
lographic stability at high temperature (up to 2325 °C), thermal and 
chemical stability, high mechanical strength, large spin-only 

magnetic moment, high dielectric constant (k ≈ 18) and wide optical 
band gap (5.4 eV) [1–5]. These outstanding properties make Gd2O3 

an attractive candidate for its use in the field of bio-medical science 
viz., as contrast agent for improved imaging in magnetic resonance 
imaging (MRI) [6], drug delivery carriers [7], material for cryogenic 
magnetocaloric refrigeration [8] and in various fields of technology 
as sensors, catalysts, and in magnetic and optoelectronic devices [9]. 
At room temperature, Gd2O3 crystallizes in cubic bixbyite structure 
with space group Ia3̄ where the cations occupy octahedral positions 
24d of coordinates (u, 0, ¼) with C2 (two-fold rotational symmetry) 
point symmetry and 8b of coordinates (¼, ¼, ¼) with point sym-
metry C3i (three-fold rotational inversion symmetry). Oxygen is 
placed in general position 48e coordinates (x, y, z). Due to this special 
structure, dopant ions may replace host Gd3+ ions preferentially or 
randomly over two cationic sites (8b and 24d). In C3i site, the two 
oxygen vacancies lie on one face diagonal while in C2 site, the two 
oxygen vacancies lie on one body diagonal. Cations residing at these 
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a b s t r a c t 

Heterogeneous green catalysis by means of magnetically separable nanometal–oxide catalysts is an at- 

tractive field of present day research. The microstructural characterization, optical and magnetic proper- 

ties of sonochemically synthesized Zn substituted CuFe 2 O 4 (CZF) nanoparticles (NPs) are investigated and 

compared with the unsubstituted CuFe 2 O 4 . PXRD (powder X-ray diffraction) pattern and HRTEM (high- 

resolution transmisson electron microscopy) observation with FTIR (Fourier transform infrared) spec- 

troscopy are applied to analyze the microstructural and optical properties of nanosized ( ∼14.7 nm) zinc 

substituted copper ferrite. Rietveld refinement of the PXRD pattern reveals the mixed spinel structure of

zinc substituted copper ferrite NPs. Magnetic data confirms the presence of ferromagnetic/ferrimagnetic

phase with some admixture of finer superparamagnetic (SPM) nanophases within the sample. The lack

of saturation in the M-H loops is due to the presence of spin-canting as well as SPM NPs in the sys- 

tem. These coupled Zn substituted CuFe 2 O 4 magnetic NPs are used as a heterogeneous catalyst for three- 

component Huisgen 1,3-dipolar CuAAC green catalytic click reactions in aqueous media and dye degrada- 

tion. Its catalytic reactivity has been compared with CuFe 2 O 4 NPs. By this synthesized magnetic catalytic 

CZF NPs, we have successfully coupled alkyl halides and boronic acids with terminal alkynes to obtain

1,4-disubstituted 1,2,3-triazoles in good to excellent yields within a short time. The Heterogeneity, repro- 

ducibility and reusability of the catalyst has been also tested successfully up to several cycles without

significant decrease in the product yield. We have explored CZF NPs as magnetically separable hetero- 

geneous green catalyst for multi-component click reaction. Our synthesized CZF NPs has been used as

photocatalyst for the photo degradation of organic dyes under visible light irradiation. The results demon- 

strate that the unique features of the CZF NPs make it an excellent material for a click chemistry catalyst

as well as a highly active photocatalyst under visible light irradiation.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Heterogeneous green catalytic click chemistry is becoming an 

increasingly important field owing to some specific properties: a) 

green chemistry: the reaction proceeds in neat condition, only in 

presence of catalyst, b) ease of separation: the catalyst can be 

separated from the reaction mixture by simple filtration, c) click 

chemistry: click chemistry gives very high yield of desired products 

and maximum conversion [1] . Catalytic click chemistry involves 

highly efficient organic reactions of two or more chemical com- 

∗ Corresponding author.

E-mail address: uroccu@gmail.com (U.K. Roy) .

ponents in a single step or consecutive steps to synthesize the de- 

sired product(s) under eco-benign conditions. The MOFs [2] , metal 

NPs [3] , metal-oxide NPs [4] etc. are some common heterogeneous 

catalysts employed in such click chemistry, but the practice of us- 

ing magnetically separable spinel ferrites in this field is relatively 

infrequent [5] . On the other hand, Copper catalyzed azide–alkyne 

cycloaddition (CuAAC) is a prime example of ‘‘click chemistry’’ re- 

action having applications in organic synthesis, surface and poly- 

mer chemistry, medicinal chemistry, chemical biology and materi- 

als science. The CuAAC reaction transforms terminal alkynes and 

organic azides exclusively into 1,4-disubstituted 1,2,3-triazoles. 

Nowadays, the nano-structured spinel ferrites have come out as 

powerful aspirant in the field of material science due to their ex- 

https://doi.org/10.1016/j.molstruc.2022.134493

0022-2860/© 2022 Elsevier B.V. All rights reserved.
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Abstract
Orthogonality is an important concept in design of experiments. In the block design 
context, when a design is not orthogonal, some measures of or indices to non-
orthogonality and characterization of designs possessing minimum non-orthogonal-
ity indices are available in the literature. In this paper, for the row–column design 
set-up, similar indices to non-orthogonality have been proposed and designs pos-
sessing minimum non-orthogonality indices have been characterized.

Keywords Block design · Row–column design · Non-orthogonal design · Non-
orthogonality index · Balanced incomplete block design · Balanced block design · 
Youden square design · Generalized Youden design

1 Introduction

Consider a row–column (R–C) design set-up with v treatments in a rectangular 
k1 × k2 array with k1 rows and k2 columns and with no missing observations. Let y be 
the vector of observations following the model:

where (1) μ, β, π and τ stand respectively for the fixed mean effect, vectors of row, 
column and treatment effects; (2) e is a vector of random errors, assumed to have 
null mean vector and dispersion matrix σ2In,  In being an identity matrix of order 
n = k1 × k2 ; (3)  D1,  D2and  D3 represent respectively the observation vs. row, column 
and treatment incidence matrices; (4) 1is an n × 1 vector with all elements unity.

We restrict to the class D of row–column (R–C) designs which ensures estimabil-
ity of all contrasts belonging to treatment, row and column effects simultaneously.

(1.1)� = μ� + D1� + D2� + D3� + �
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Chemical characterization of n-alkane compounds in the
leaves of Holoptelea integrifolia and its repellence against
Japanese encephalitis vector
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ABSTRACT:  Epicuticular wax extract bearing n-alkane compounds were isolated from leaves of Holoptelea
integrifolia and its chemical characterization was done by GC-MS analysis. Seven n-alkane compounds
were isolated from epicuticular wax of H. integrifolia, which are Undecane [C

11
H

24
], Decane 5-methyl-

[C
11

H
24

], Dodecane [C
12

H
26

], Undecane, 3,6-dimethyl- [C
12

H
26

], Hexadecane, 2,6,10,14-tetramethyl- [C
20

H
42

],
Tridecane [C

13
H

28
], and Tetradecane [C

14
H

30
]. Different concentrations of crude extract as well as epicuticular

wax extract bearing n-alkane each @ 2, 4 and 5 ppm cm-2 applied on human hand surface for repellence
against Culex vishnui (vectors of JE) and at different time of exposure, gave a maximum protection of 73.33
per cent in the case of crude extract, and 94.33 per cent with epicuticular wax extract, both at 5 ppm cm-2, up
to five hours of exposure. © 2022 Association for Advancement of Entomology

KEYWORDS: Indian Elm tree, epicuticular wax extract, repellent, Culex vishnui group

Mosquito at the time of blood feeding transmits
extremely harmful pathogens from host to host
causing malaria, yellow fever, dengue, zika, filariasis,
and Japanese encephalitis (JE). Female mosquito
uses blood meal as protein and vitamin source for
egg development and blood proteins are used as
building blocks for the synthesis of egg yolk proteins.
The first major epidemic of JE in India was reported
from Bankura and Burdwan districts of West
Bengal in 1973 (Curic et al., 2014), caused by
the mosquito borne JE virus (Mahmud et al., 2010).
According to WHO (1981) more than 3 billion people
of South-East Asia and Western Pacific regions
are under the risk of JE transmission. Extracts of
different parts of several plants have been reported
earlier as mosquito repellent along with others

activities (Adhikari et al., 2012; Rawani et al.,
2012; Adhikari and Chandra, 2014; Bhattacharya
and Chandra, 2014; Haldar et al., 2014).

Epicuticular wax on the surface of plant leaves and
other parts of the plant plays an important ecological
role in interaction with insects as attractant or
deterrent (Muller, 2006). Holoptelea integrifolia
(Roxb.) belonging to the family Ulmaceae and
commonly known as the Indian Elm tree, is found
all over the Indian peninsula (Mahmud et al., 2010).
From ancient times, this tree was well known due
to its medical importance. Traditionally different
parts of this plant were used for the treatment of
different diseases like inflammation, gastritis,
dyspepsia, colic, intestinal worms, vomiting, wound
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