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It gives me immense pleasure to welcome all the distinguished delegates to the 
International Conference on Soft Materials (ICSM 2014) at Malaviya National 
Institute of Technology Jaipur during Oct. 6-10, 2014.

Theme of conference is “Soft materials” which has relevance to draw a roadmap for 
the futuristic studies in this important discipline that amalgamates different facets 
of physics, chemistry, biology, mathematics and engineering.  Soft matter plays an 
important role in nearly every aspect of our daily lives. The soft materials have a 
broad, continuous range of materials, from colloid suspension of particles to 
flexible long chain polymer molecules. Many biological system such as proteins, 
DNA and virus have the characteristics of all these soft matter types.

I am sure that discussion and deliberations shall help us in understanding science of 
soft materials better. The organizing committee has drawn an elaborate programme 
to bring doyens in the field to update and discuss various issues pertaining to soft 
materials and to chalk out strategies for future R & D directions in this important 
field. The programme also gives an opportunity to young researcher to present their 
work and have interactive sessions with the leaders in the field.

Jaipur being known as pink city and famous for its hospitality and tourist 
attractions. I sincerely hope that your stay at this great city will be satisfying and 
scientifically fruitful.

 (Prof. I. K. Bhat)
Director, MNIT Jaipur

Patron ICSM 2014

 (Prof. I. K. Bhat)



I on behalf of Department of Physics, MNIT Jaipur as well as my own welcome you 

in International Conference on Soft Materials (ICSM 2014). I feel the theme 

selected for this conference is well sought and address to the most burning issue of 

present time.

Dr. Kamlendra Awasthi, Dr Sujin B Babu and their team members at MNIT Jaipur 

must be congratulated for aptly choosing the Soft Materials as the theme of meeting 

to provide an opportunity for researchers in India to interact with wide range of 

experts from the scientific fraternity for fruitful discussions and deliberations. I 

hope the concrete recommendation emanating from conference will give 

directions for future research in Soft materials.

I extend my warm greetings to the Conveners and wish the conference a grand 

success.

 (Prof. K. C. Swami)
Head, Department of Physics

MNIT Jaipur
Chairman ICSM 2014

 (Prof. K.C. Swami)



With the objective of providing a scientific platform for both local and international soft 
materials scientists, engineers and technologists, we have initiated the organization of 
International Conference on Soft Materials (ICSM 2014).
ICSM 2014 consists of 15 technical sessions covering almost all the aspects of Soft Material 
Science, Engineering and Technology. There will be 10 plenary lectures and 24 invited talks by 
distinguished scientists. In addition, 33 oral and around 120 poster presentations are being 
presented by delegates. We are thankful to all those who are giving their presentations for the 
success of conference.
The proceedings of selected papers will be published in Journal of Macromolecular Symposia as 
a special issue after due process of review. We have instituted 15 awards for students to 
recognize and encourage for their presentation and also one best poster award by Journal Soft 
Matter.
This conference is hosted and supported by Malaviya National Institute of Technology Jaipur. 
Partial financial support received from Department of Science and Technology, Govt. of India, 
Department of Atomic Energy (DAE) -Board of Research in Nuclear Sciences (BRNS) Govt. of 
India, Council of Scientific & Industrial Research (CSIR) Govt of India and Material Research 
Society of India-Rajasthan Chapter is greatly acknowledged.
We are thankful to our International and national advisory board for their continued support and 
advice. It is our pleasant duty to thank all the members of program and organizing committee for 
their excellent job.
We are grateful to all the sponsors, supporters and exhibitors for their spontaneous response and 
encouragement by way of committing funds and extending help in kind.
We would like to place on record our sincere thanks to all the authorities of Malaviya national 
Institute of Technology Jaipur, in particular to its Director Prof. I. K. Bhat for hosting the event 
and providing necessary support.
A special mention is to be made for our volunteers for handling organization matters and support 
of Soft Materials Research group as a conference secretariat is greatly appreciated. Last but not 
least, we acknowledge the unconditional support from our Department of Physics

(Dr. Kamlendra Awasthi) (Dr. Sujin B. Babu)

Convener ICSM 2014Convener ICSM 2014
(Dr. Kamlendra Awasthi) (Dr. Sujin B. Babu)
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Carbon NEMS and Nanowires in Health, Envi-
ronment and Energy

Ashutosh Sharma
Department of Chemical Engineering, Indian Institute of

Technology Kanpur, INDIA

*Email: ashutos@iitk.ac.in

This talk will summarize some of our recent results on
novel meso-fabrication techniques and the resultant func-
tionalities and applications of micro/nano polymeric and
carbon structures in environmental remediation, energy
storage devices and MEMS. The major emphasis is to
fabricate functional structures and interfaces with ap-
plications that range from microfluidics, micro-batteries,
tissue scaffolds to the bulk-nano materials for optical and
functional coatings, bio-mimetic adhesives, super-wetting
and structural colors.
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Multi-responsive Hydrogels Formed by Interpen-
etrated Self-Assembled Polymer Networks
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BAB triblock copolymers with hydrophobic end blocks
and a hydrophilic central block form a network in aqueous
solution by self assembly of the B-blocks into multiplets
that are bridged by the A blocks. The dynamics of the
network depends on the exchange time of the B-blocks
between multiplets. In some cases the dynamics can be
controlled by external parameters, which renders the sys-
tems stimulus responsive. We have studied in our group
two such systems. One system (tPEO) was based on a
neutral central PEO block for which the B-blocks could
be covalently crosslinked within the multiplets by UV ir-
radiation[1]. The other system (TH50) was based on a
charged polyacrylic acid central chain[2]. In this case the
B-blocks consisted of random copolymers of acrylic acid
and n-butyl acrylate, which rendered the exchange dynam-
ics highly sensitive to the pH.

More recently, we have explored the possibility to
form interpenetrated self assembled networks (IPSAN),
by mixing the two types of triblock copolymers. The
advantage of this approach over current methods to
form an IPN, is that the procedure is very simple and
that the system is in thermodynamic equilibrium. In
addition, one can potentially combine in this way the
various functionalities of triblock copolymers that have
been reported in the literature. We will show that for the
IPSAN studied by us, the two networks our formed more
effectively in combination than separately and that the re-
sponse of each network to the external stimuli is preserved.
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Structure Formation of Integral Asymmetric
Block Copolymer Membranes
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Block copolymers offer the possibility to prepare isoporous
membranes, if the self-assembling process in a solution is
combined in a suitable way with a freezing step, as it can
be achieved by precipitating an appropriately designed
block copolymer solution into a nonsolvent bath. This
can lead to highly regular membrane surfaces which
have open pores of very narrow size distribution. These
selective layers are supported by a less regular, more
porous sub structures of the same material functioning
as a mechanical support. Both flat sheet membranes
and hollow fibre membranes will be discussed in terms
of preparation conditions. Characterisation is carried
out by scanning electron microscopy, small angle X-ray
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scattering and water flux measurements.
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Long-ranged correlations in a fluid near its critical point
lead to clearly identifiable effective forces acting on confin-
ing walls. The corresponding universal scaling functions
are discussed for different boundary conditions and ge-
ometries. The theoretical predictions are compared with
high precision experimental data for He4 and He3/He4

wetting films near the superfluid phase transition as well
as with synchrotron scattering data from classical binary
liquid mixtures. Direct measurements and applications
for colloidal suspensions are discussed.
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Functional Coatings with Polymer Brushes

Manfred Stamm
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Functional polymer brushes may be used at surfaces for
functional coatings with adaptive properties and in con-
nection with inorganic nanoparticles can serve as respon-
sive and versatile functional layers. A fairly robust way for
the generation of such nanoscopic coatings is the attach-
ment of polymer chains to the surface by covalent bonding.
Nanoparticles are attached by adsorption or covalent bind-
ing at the end of the chains. At high grafting density a
brush-like layer will be formed, and surface properties can
be changed significantly while bulk properties are largely
unchanged. Utilizing mixed polymer brushes the surface
properties can be switched between different states[1], and
it is even possible to switch between ultra-hydrophobic
and ultra-hydrophilic behavior[2].

Depending on solvent conditions, one or the other
polymer chain occupies the surface layer and thus
determines surface properties, which depend on the
outermost surface layer. The properties depend also
on glass transition and mobility in the layer, where
in particular the switching and responsive behavior is
influenced. This effect can be used to control the location
of nanoparticles at the top or inside the layer. Layers
are characterized in different ways including contact

angle measurements, X-ray-photoelectron-spectroscopy,
ellipsometry, quartz-crystal-microbalance and scanning
force microscopy. Depending on the degree of swelling of
the brush layer, fluorescent nanoparticles attached to the
polymer brush chains[3] will be close to the surface or
further away and may serve as a sensitive optical sensor
for the degree of swelling. By surface enhanced Raman
scattering a chemical sensing is achieved[4]. Similarly
the hydrophobic nature of a mixed brush layer can be
changed by pH, ion strength or temperature, which allows
to control the adsorption of polyelectrolytes and protein
molecules depending on the state of the brush[5,6].
Similarly the catalytic activity of nanoparticles depends
on the position in the layer which can be varied[7]. We
acknowledge support by DFG/NSF and BMBF for this
work.
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Nanomembranes are thin, flexible, transferable and can be
shaped into 3D micro- and nanoarchitectures. This makes
them attractive for a broad range of applications and sci-
entific research fields ranging from flexible magnetoelec-
tronic devices to ultra-compact autonomous micro- and
micro-biorobotic systems. If nanomembranes are differ-
entially strained they deform themselves and roll-up into
tubular structures upon release from their mother sub-
strate. Rolled-up nanomembranes can be exploited to rig-
orously compact electronic circuitry, energy storage units
and novel optical systems.

If appropriate materials are chosen, rolled-up tubes act
as tiny catalytic jet engines which in the ultimate limit
may drive compact multifunctional autonomous systems
for medical and environmental applications. If magnetic
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tubes are combined with flagella-driven sperm cells, such
hybrid micro-biorobots offer new perspectives towards
artificial reproduction technologies.
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Functional Nanocomposites From Fabrication to
Function

Franz Faupel
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Nanocomposite films consisting of metal nanoparticles
in a dielectric organic or ceramic matrix have unique
functional properties with hosts of applications[1]. The
present talk demonstrates how vapor phase deposition
techniques can be employed for tailoring the nanostruc-
ture and the resulting properties. Vapor phase deposition,
inter alia, allows excellent control of the metallic filling
factor and its depth profile as well as the incorporation
of alloy nanoparticles with well-defined composition.
The metallic nanoparticles typically form via a self-
organization during co-deposition of the metallic and
matrix components due to the high cohesive energy of the
metals and the low metal-matrix interaction energy. Var-
ious methods such as sputtering, evaporation, and plasma
polymerization have been applied for the deposition of
the matrix component, while the metallic component has
mostly been sputter-deposited or evaporated. Moreover,
gas aggregation cluster sources were utilized to obtain
independent control of filling factor and size of the
embedded nanoparticles. Examples presented include
optical composites with tuned particle surface plasmon
resonances for plasmonic applications[2], magnetic high
frequency materials with cut-off frequencies well above 1
GHz[3], sensors that are based on the dramatic change in
the electronic properties near the percolation threshold[4],
and biocompatible antibacterial coatings with tailored
release rate[5].
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Active motion of artificial and biological microswimmers
is relevant in microfluidics and biological applications but
also poses fundamental questions in nonequilibrium statis-
tical physics. Mechanisms of single microswimmers need
to be understood and a detailed modeling of microorgan-
isms helps to explore their complex cell design and their
behavior. The collective motion of microswimmers gener-
ates appealing dynamic patterns.

In this talk I review some of our work modeling
biological microswimmers such as E. coli[1] and the
African trypanosome[2], the causative agent of the
sleeping sickness, in order to contribute to their better
understanding. Using simpler model microswimmers such
as active Brownian particles, I will also demonstrate their
emerging collective behavior. Hydrodynamic interactions
lead to a clustering transition dependent on swimmer
type[3] or to the formation of fluid pumps in 3D har-
monic traps[4], while self-phoretic active colloids show
biomimetic auto-chemotactic behavior, which can induce
dynamic clustering or a chemotactic collaps[5].
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The regulation of intracellular water activity is a nec-
essary characteristic of many physiological functions
in all living organisms. The high water transport rate
across cell membranes is due to a type of water channel
protein, aquaporin. The Nobel Prize in Chemistry 2003
was awarded to Prof. Agre due to the discovery of
aquaporins. The unique selectivity, high water transport
capability, and low activation energy of aquaporins
have garnered strong scientific interests with many
studies concentrating on the fabrication of biomimetic
membranes based on the reconstitution of aquaporins
into self-assembled amphiphilic lipid or polymer bilayers.
Aquaporin-incorporated biomimetic membranes possess
an extremely high potential for water purification and
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desalination. It has been estimated that the permeability
of an aquaporin Z (AqpZ) reconstituted biomimetic
membrane is 167 µm/s/bar, which is by two orders
of magnitude greater than the commercial polymeric
membranes. However, limitations of the biomimetic
membrane lie in that the ultrathin biomimetic bilayers
are too fragile to withstand high hydraulic or osmotic
pressure in the water purification application. The ob-
jective of our study is to design and fabricate aquaporin
embedded membranes with excellent water purification
performance. We have carried out scientific study on
the mechanism of water transport through membrane-
embedded aquaporin Z and preliminarily established
a relationship between membrane tension and osmotic
permeability of an amphiphilic block copolymer bilayers.
Moreover, we have developed several innovative yet
simple and easy-to-implement methods to incorporate
water-channel proteins into pre-fabricated membranes
to develop advanced membrane materials for purifying
water at low pressures and low energy. According to
our results, the pore-suspending biomimetic membrane
exhibits high water permeability as well as high salt
rejection during forward osmosis, while the AqpZ-vesicle
imprinted membrane exhibits high mechanical strength
and stability during nanofiltration process.
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The large variety of modern composite materials and prod-
ucts existing nowadays in the construction market pro-
vides multiple and convenient possibilities to use them as
building material in both structural and nonstructural in-
dustrial construction elements. The main advantages of
modern composite materials such as: corrosion resistance,
high strength and modulus values compared to their den-
sity, acceptable deformability, tailored design and excel-
lent formability enable the fabrication of new elements and
the structural rehabilitation of the existing parts made of
traditional materials. The high potential of the applicabil-
ity of polymeric composites in new industrial construction
correlated with fabrication procedures as well as the use
of composites in modern strengthening solutions.

Apart from polymer-polymer, polymer-metal, polymer-
nonmetal, the Polymer-CNT, Polymer- nano phosphor
and Polymer-PANI composites wonderful materials in
thin film and thick film form show interesting properties
variation in passive polymers. The talk covers properties
of polymer-composites as controlled porous membrane to
be used as nano- filter, gas sensor and photonic material.
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In this study we present two approaches to obtain
nanoporous materials from block copolymer precursors.
A supramolecular complex of PS-b-P4VP diblock copoly-
mer and amphiphilic PDP was used as a precursor for the
nanoporous template for subsequent metal plating. PDP
molecules interact via hydrogen bonds with the pyridine
rings to form a PS-b-P4VP(PDP)x complex. The block
lengths of the block copolymer and the amount of PDP
were selected in such a way that the self-assembly gave rise
to a bicontinuous gyroid morphology with a PS network in
a matrix of P4VP(PDP)x. The PDP side chains were se-
lectively removed in ethanol, after which the P4VP chains
collapsed onto the PS, thus forming a polar corona around
the PS network struts. Subsequently, electroless deposi-
tion was performed such that the metal was distributed
uniformly throughout the macroscopic thickness of the
template (50100µm). The metal nanofoam, obtained af-
ter the removal of polymer template, preserved the well-
defined gyroid structure with long range order Nanoporous
metal foams represent a new, very promising class of ma-
terials that combine the properties of metals, such as cat-
alytic activity, thermal and electrical conductivity, and the
properties of nano-porous materials: low relative density
and high specific surface area. These unique properties al-
low nano-porous metal foams to be used for a large num-
ber of possible applications as, for example: high power-
density batteries, substitutes for platinum-group catalysts,
hydrogen storage materials, actuators etc.

As a second example, we present the use of
poly(vinylidene fluoride) containing block copolymers as
precursors for nanoporous networks. PVDF is well-known
for its excellent piezoelectric behavior, and therefore an
interesting material to apply in nanofabrication.
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Chemical nanotechnologies have played, in the past few
decades a major role in the convergence of life, physical
and engineering sciences leading not only to simple col-
laboration among the disciplines but to a paradigm shift
based on true disciplinary integration. The successful syn-
thesis, modification and assembly of nanobuilding units
such as nanocrystals and wires of different materials have
demonstrated the importance of chemical influence in ma-
terials synthesis, and have generated great expectations
for the future. Implications of chemistry as an innova-
tion motor are now visible for knowledge leap forward in
various sectors such as materials engineering for energy,
health and security.

Inorganic nanostructures inherit promises for substan-
tial improvements in materials engineering mainly due
to improved physical and mechanical properties resulting
from the reduction of microstructural features by two to
three orders of magnitude, when compared to current
engineering materials. This talk will present how chemi-
cally grown nanoparticles, nanowires and nanocomposites
of different metal oxides open up new vistas of material
properties, which can be transformed into advanced
material technologies. The examples will include appli-
cation of superparamagnetic iron oxide nanoparticles for
magnetic resonance imaging (MRI) and drug delivery
applications, vapour phase synthesis and electrospinning
of nanowires for application as electrode materials and in
water splitting reactions (for solar hydrogen production).
A novel sensing concept based on the integration and
correlation of complementary functionalities originating
from multiple junctions in a singular nanostructure to
palliate the current issues in gas sensor technologies such
as low power consumption, low operating temperature
and cost effective production will be elaborated. Finally,
the current challenges of integration of nanomaterials in
existing device concepts will be discussed.
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Transparent conductors are ubiquitous among optoelec-
tronic devices. Tin doped indium oxide (ITO) has been
the material of choice due to its high transmittance in
the visible range and high conductivity. However, there
are many concerns around its continued usage- limited
supply and high cost of In, brittleness of the oxide, low
thermal and chemical stability etc[1]. While many oxide
formulations have been proposed as possible alternative
ITO, none have come closer to ITO performance. Accord-
ingly, there is increasing activity worldwide in the last few
years among industry and academic researchers, to em-
ploy nanomaterials such as graphene, which exhibits ex-
ceptional transmittance. However, producing good quality
graphene over large area reproducibly is a difficult task.
Alternatively, carbon nanotubes and Ag nanowires in the
form of wire networks distributed sparsely, have been tried
out such that transmittance associated with the substrate
(glass, PET etc) is not much hindered while electrical con-
duction is enabled through the network. The downside is
that wires tend to stack randomly forming innumerable
crossbar junctions leading to undesirable sheet resistance
values.

Our efforts in the recent past have been to develop new
generation transparent conductor in the form of highly
interconnected metal (Au, Ag, Cu etc.) wire network,
invisible to the naked eye, on common substrates such
as glass. Unlike the conventional method of dropping
nanowires on a substrate, these conducting electrodes
(TCEs) are produced employing a newly developed recipe
termed as “crackle lithograph”. The TCEs thus formed
exhibit optoelectronic properties that are superior in
many ways, to those of conventional ITO films and other
alternate materials[2-7]. In this presentation, the crackle
lithography method will be described while address-
ing current issues in the literature. The performance
characteristics of the TCEs as well as of devices- solar
cells, transparent heaters, transparent capacitor and
transparent strain sensor fabricated using the TCEs, will
be presented. Finally, futuristic usage of wire network
based TCEs in transparent electronics will be discussed.
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A case can be made that ring polymers represent one of the
last major theoretical challenges facing polymer physics.
The essential difficulty lies in the non-local nature of the
topological constraint associated with polymers of fixed
topology, such as rings (unknots), that cannot cross one-
another[1].

For many years various authors have speculated on the
possibility that rings may thread through one-another,
forming extremely long-lived entanglements[1-2]. How-
ever, these comments have remained at the level of spec-
ulation and no convincing evidence has yet been found of
such slow dynamics in the melt.

Here we report on molecular dynamics and Monte Carlo
simulations of ring polymers embedded in a gel[3-4]. We
propose a scheme that allows us to identify inter-ring
threadings, or penetrations, for the first time. This allows
us to monitor their statistical properties and lifetimes.
We find evidence of the emergence of a percolating cluster
of inter-ring penetrations and argue that, for longer rings,
a jammed state that we call a topological glass should
arise, even for T >> Tg, the classical glass transition
for the polymer itself. In order to further explore this
we carry out Monte Carlo simulations on an idealised
system in which the rings are assumed to compactify into
linear duplex structures. Here we find a clear signature of
exponential relaxation, characteristic of such a topological
glass.
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Ion beams in different energy regimes play crucial role
in nanostructuring. Low energy (in keV regime) ion and
atom beams have potential in synthesis of meal poly-
mer nanocomposites[1,2]. Swift heavy ions (SHI) have
typical energies of 1 MeV/nucleon or higher, can create
ion tracks, having diameters upto 10 nm in insulating
materials like polymers. By virtue of creating track of
nano dimensions, the SHI offers a potential possibility in
creating nanostructures in materials in controlled manner.
The C clusters aligned along the beam direction[3, 4]
can be created by SHI irradiation of Si based polymers.
On-line elastic recoil detection (ERDA) and on-line QMA
experiments[5] have given a rough idea of the diameter
within which hydrogen is released as a consequence the
passage of a SHI through the polymer. Etched ion tracks
having sub micron diameters have different possible
applications such as controlled drug delivery[6], field
emitters, efficient handling of biological cells[7] etc.
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Vascular Endothelial Growth Factor (VEGF) is a sig-
nalling protein known as a serum biomarker for a number
of diseases including cancer. Therefore, it is necessary
to develop a label-free, rapid and sensitive method for
detecting VEGF in its native forms in human serum. In
this work, we have demonstrated the proof-of-concept of a
sensitive label-free biosensor (apta-immunosensor) based
on capacitance changes induced by capturing of VEGF in
human serum using anti-VEGF aptamers functionalized
on interdigitated (IDE) capacitor arrays (aptasensors).
Primary complex of aptamer-VEGF formed on aptasen-
sors was further sandwiched with VEGF antibody-coupled
magnetic beads (MB-Abs) which mediated the formation

of an aptamer-VEGF-antibody-MB secondary complex
that induced an enhanced capacitance response and
validated the signal. Targeting of MB-Abs through
VEGF-specific binding on aptasensor surfaces induced
enhanced charge distribution and thus increased 3-folds
sensitivity with a dynamic detection range form 5 pg
mL−1 to 1 ng mL−1 of VEGF in human serum. This
strategy provides a simple, reliable and effective biosens-
ing of VEGF in human serum for early cancer diagnosis.
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Polymers are widely used nowadays, from simple plas-
tic bags via insulating materials to high tech applications
like adhesives or gas separation membranes. Important
for properties like diffusion, viscosity, and permeability of
membranes is the free volume, which is, to a first approach,
the unoccupied space between the atoms. This free vol-
ume can be probed by positron annihilation lifetime spec-
troscopy, in particular, as a simple quantum mechanical
model allows semi-quantitative calculation of average hole
size from measured o-Ps lifetime.

In the present talk, selected applications of positron
annihilation lifetime spectroscopy to various problems of
polymeric membrane materials will be presented. We ex-
tended earlier measurements on bulk samples of[1] poly-
mer of intrinsic microporosity (PIM-1) to thin films as
these are relevant for real applications. However, they are
more difficult for experiments, and, aging, i.e. the reduc-
tion of permeability and selectivity with storage or opera-
tion time has to be taken into account. We have measured
the change in free volume during aging of thin films of a
polymer of intrinsic microporosity (PIM-1) by depth re-
solved positron annihilation lifetime spectroscopy[2]. Ag-
ing is thickness and time dependent and the free volume
diffuses through the film to the free surface. This can
be described by a mathematical model. A recent inves-
tigation[3] shows that aging can be partially reduced by
incorporating carbon nanotubes without reducing mem-
brane performance.

On the other hand, the substrate might affect the
free volume due to restrictions in alignment of polymer
chains or interaction. First, we performed positron
annihilation lifetime spectroscopy experiments at Teflon
AF/silicon interfaces from the polymer side as function of
the positron implantation energy. Thus, we determined
the free volume hole size distribution in the interfacial
region and investigated the width of the interphase[4].
While no interphase was detected in very short chained,
solvent-free, thermally evaporated Teflon AF, an inter-
phase of some tens of nm in extension was observed for
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high molecular weight spin-coated Teflon AF films. To
improve depth resolution, recently experiments on the
same Teflon AF samples with a focussed beam through
a hole in the substrate side were performed. These show
even larger reduction in free volume at the interface.
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Assemblies of intrinsically active objects, sometimes called
living fluids, represent an exceptional class of non-
equilibrium systems. Examples range from the macro-
scopic scale of human crowds to the microscopic scale
of cells and motile microorganisms such as bacteria. A
generic phenomenon of dense living fluids is the emer-
gence of self-organized large-scale dynamical patterns like
vortices, swarms, networks, or self-sustained turbulence.
This intriguing dynamical behavior is a consequence of the
complex interplay of self-propulsion, internal or external
noise, and many-body interactions.

In order to elucidate the emergent collective behavior
of microswimmers without any alignment rule in three-
dimensional space, we performed large-scale molecular
dynamics simulations of self-propelled Brownian particles
of spherical shape[1]. Our simulations reveal a phase
separation into a dilute and a dense phase, above a
certain density and strength of self-propulsion. The
packing fraction of the dense phase approaches random
close packing at high activity, yet the system remains
fluid. Although no alignment mechanism exists in this
model, we find long-lived cooperative motion of particles
in the dense regime. This behavior is probably due to an
interface-induced sorting process. Spatial displacement
correlation functions are nearly scale free for systems with
densities close to or above the glass transition density of
passive systems.
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Particle based multiscale simulations are performed on
pure monomer, trimer[1] and polymer of polycarbonate
(PC) and their mixtures with different molecular weight
percentages of embedded single walled carbon nanotubes
(CNT) at different temperatures. We have performed
detialed analysis on structural and dynamical properties
of the composite system including local structuring of PC
around CNT, diffusion of CNT in the polymer matrix.
Both structural and dynamical properties indicate the
weak interaction between the nanotubes and PC matrix
molecules. There are high tendency of nanotubes to form
bundles which is observed during simulations. The bundle
formation free energies are calculated from the potential
of mean force calculations. The mechanism and energetics
of bundle formation is explored from the atomistic scale
simulations. The formation of the CNT bundle is a fa-
vorable process in the oligomeric PC matrix. Percolation
pathway formation by CNT in the polymeric matrix at
larger time and length scales has been explored in details
from mesoscale[2] dissipative particle dynamics simula-
tions. From mesoscale simulations we have calculated the
CNT bundle size distribution, shape and their diffusion in
the matrix. As an extension of above work we have stud-
ies di-block polymers doped with nanorods of different
flexibilty. I am going to discuss in details the comepetion
between phase seperation of blocks of polymer and for-
mation of bundle of nanorods and its shape and dynamics.
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This presentation deals with the use of different inter-
faces guiding the self-assembly of various soft colloidal
particles[1]. First, we describe classical oil/water emul-
sion systems, the so-called Pickering emulsions. Here,
the controlled assembly of protein-polymer conjugate
nanoparticles (Ferritin-PNIPAAm) followed by crosslink-
ing the polymer matrix leads to permeable, yet highly
flexible and stable membranes and capsules[2,3]. The
particle exhibit an unusually high interfacial activity and
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can even self-assemble to form hierarchical networks com-
posed of capsules in fibres[4,5]. Moreover, we demonstrate
that nanostructured substrates produced from wrinkling
instabilities with wavelengths on the order of only a few
hundred nanometers, effectively guide the self-assembly of
various well-defined organic nanoparticles (e.g. proteins
or microgels)[6, 7]. This process allows the creation of
anisotropic large scale particle arrays and supramolec-
ular constructs like composite particulate nanoscale fibres.
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The organelles of a biological cell have membranes with
highly curved edges and tubes, as seen in the endoplasmic
reticulum, the golgi and the inner membrane of mitochon-
dria. It has been shown that macromolecules, which con-
stitute and decorate the membrane surface and the trans-
port in and out of these membranes strongly influence the
morphology of membranes. While the molecular players
involved, and their influence on the local structural de-
tails of these membranes, are quite well studied, the fac-
tors leading to the large scale morphological properties of
these intracellular compartments are still unknown.

We investigate, through Dynamical Triangulation
Monte Carlo simulations, the role that the active pro-
cesses of membrane fission-fusion and protein induced
anisotropic elasticity play in determining the morphology
and composition segregation in closed membranes. We
show that the state shapes obtained as a result of such
processes, bear a striking resemblance to the ramied
morphologies of organelles in-vivo.

� ID-IT12

Flame Transport Synthesized ZnO Nano- and
Microstructures for Multifunctional Applications:
From Advance Linker Elements to 3D Hybrid
Flexible Networks

Yogendra K. Mishra∗,Soren Kaps, Jorit Grottrup, Tim
Reimer, Arnim Schuchardt, Ingo Paulowicz, Xin Jin,
Dawit Gedamu, Oleg Lupan, Rainer Adelung
Functional Nanomaterials, Institute for Materials Science,

University of Kiel, Kaiser Str. 2, D-24143, Kiel, GERMANY

*Email: ykmnsc@gmail.com

fabrication of metal oxide nano- and microstructures and
their large interconnected networks[1]. As an example,
the family of ZnO nano- and microstructures grown by
FTS approach and corresponding applications will be
demonstrated and discussed. The tetrapod shaped struc-
tures synthesized by FTS approach exhibit interesting
applications in different directions[2,3]. In a single step
growth process, tetrapods, hexagonal needles from ZnO
were integrated in the chip and into the Si trenches which
have demonstrated interesting UV photodetection and
photocatalysis applications respectively[4,5]. The poten-
tial of ZnO tetrapods against blocking the viral entry into
the cells will be discussed[6,7]. Porous three-dimensional
(3D) interconnected networks are going to be important
materials in future and possibility of fabricating 3D
hybrid networks from several metal oxide nano- and
microstructures by FTS approach will be presented.
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Active systems generate motion due to energy consump-
tion, usually associated to their internal metabolism
or to appropriate, localized, interfacial chemical reac-
tivity. As a result, these systems are intrinsically out
of equilibrium and their collective properties result as
a balance between their direct interactions and the
indirect coupling to the medium in which they displace.
Therefore, a dynamical approach is required to analyze
their evolution and quantify their self-assembly and
ability to generate intermediate and large scale stable
structures. In this presentation I will discuss the relevant
physical mechanisms underlying the specific properties
of the collective behaviour of model active suspensions.
By focusing on simplified models, it is then possible
to identify the relevant parameters which control such
behaviour. Understanding the mechanical principles
which determine the emergence of cooperatively will
help to clarify the role of physical coupling in active
materials and understand how to combine them with
biochemical interactions to control their properties and
behaviour. Since these systems are out of equilibrium,
their mechanical balance is very sensitive to external
disturbances. Therefore, once the basic principles which
control the intrinsic activity of these systems has been
clarified, it is interesting to analyze how do they react to
externally applied fields or to geometric confinement.
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Liquid crystals (LCs), as pure component systems, are
largely recognized for their potential in basic Physics
science as well as for their technological applications.
More recently new possibilities have been unveiled when
such anisotropic liquids constitute a distinct phase of
more complex soft matter systems. In the first part of
the presentation, we will refer to dispersions of colloids,
both in the form of aqueous droplets and solid particles,
suspended in nematic liquid crystals. Emphasis will be
devoted to analyse striking examples of phoresis which is
driven non-linearly by alternating electric currents[1,2]. A
further development will be presented to prove the steer-
ing capability of actuated LCs to dynamically assemble
large clusters of aggregated inclusions by employing the
principle of photoelastic modulation from conveniently
functionalized boundary conditions[3]. In the second
part, a complementary use of nematic LCs as reporters of
static motifs or dynamical flows in soft matter composite
systems will be explored. Static patterns of functionalized
surfaces will be demonstrated to be nicely imprinted in
thin films of a nematic material[4]. The possibilities that
simple nematics offer to track flow distributions of ATP-
active gels prepared from tubulin/kinesin components
will be finally discussed[5].
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Bodies that translate and rotate in viscous fluids in the
absence of externally applied forces and torques appear
in many chemical, biological and technological contexts.
In every case, the body is endowed with a mechanism
by which it can transmit stresses across its boundary
to the surrounding fluid. Such active stresses generate
fluid flow and induce motion in other bodies suspended
in the fluid. This flow-mediated interaction between
active bodies is both long-ranged and instantaneous at
micron scales. Here we develop a method to study the
many-body microhydrodynamic interaction of active
bodies, abstracted as finite-sized, spherical, active col-
loidal particles, using an integral formulation of Stokes
equation. The bulk fluid flow is obtained as integrals of
the active boundary condition over the surfaces of the
colloidal spheres. The integral equation that relates the
active surface velocities to the active surface stresses
is solved in an infinite-dimensional basis of irreducible
Cartesian tensors. A finite-dimensional truncation,
suitable for numerical computation, is then developed by
retaining terms necessary and sufficient to generate active
translations and rotations. The truncated theory is used
to parametrize the oscillatory flow around swimming
microorganisms, to obtain the motion of a pair of active
colloidal spheres, and to derive dynamical equations for
active colloids that are hierarchically assembled into
filaments, sheets or crystals. Our method provides a
description of microhydrodynamic phenomena in active
colloidal matter that is resolved at the scale of the particle
and can thus be used to delineate the limits of kinetic
and hydrodynamic approximations in continuum theories
of active matter and to study phenomena inaccessible
within such approximations.
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Nanomaterials and Nanotechnology are today the most
studied multidisciplinary area of research with a potential
for their number of applications in practically all walks of
life. Because of their very small size, approaching almost
to molecular level, they have fascinated both the scien-
tists who pursue basic research to explain their new and
unique physical and chemical properties and the technol-
ogists to exploit these interesting properties for various
applications. The research in the field of nanomaterials
has made great impact in medical science also both for
diagnostic and thereauptic applications.
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While nanomaterials and nanotechnology present great
potential for applications, there are certain challenges
related to synthesis and characterization of nanoma-
terials. One of the biggest challenges is to synthesize
nanomaterials in bulk with reproducible properties. Both
physical and chemical methods have been reported in the
literature for the synthesis of nanomaterials. The physical
methods normally require costly process equipments and
can generate small quantities of nanomaterials which may
limit their applications in certain specific areas. However,
for most of the applications there is a requirement of
bulk synthesis of nanomaterials. The chemical methods
not only can generate nanomaterials in bulk but can be
utilized to synthesize a variety of nanomaterials with
tunable properties. The present paper gives a brief
account of R & D work carried out in authors laboratory
in developing simple routes for the synthesis of tunable
and core-shell nanomaterials.
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The mechanical and dynamical behaviour of cellular
interfaces is controlled by the physical properties of
the plasma membrane, which acts as a semi-permeable
barrier allowing a selective control of inward and outward
fluxes, and the physical properties of the cytoskeleton,
responsible for the mechanical integrity of the cell and
allowing shape changes through energy-consuming pro-
cesses. In this talk, I will discuss two examples of cellular
response to external perturbations that illustrate the in-
terplay between these two components. I will discuss the
response of Red Blood Cells to cycles of polymerisation
and depolymerisation of hemoglobin fibers. In this case,
the relatively static nature of the cytoskeleton may lead
to irreversible deformation and the permanent loss of
membrane area, a phenomenon of direct relevance to a
pathology called sickle cell anaemia. I will then discuss
the response of an amoeba to micropipette suction. In
this case, the permanent turnover of the cytoskeleton
allows the cell to adapt to the perturbation, but leads
to interesting dynamical features, including permanent
cellular oscillations under constant suction pressure.
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Active Computational Fluids
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The surface of living cells is a composite of an active
fluid juxtaposed with the cell membrane. The active fluid
comprises dynamic actomyosin which interacts with com-
ponents of the cell membrane. We classify cell membrane
molecules as inert, passive and active, depending on the

nature of their interaction with the active fluid. We show
that this active composite provides a natural medium
for signal optimization and high fidelity computation.
Our work also suggests possible strategies to chemically
engineer active chemotactic gels which are infused with
computational abilities.
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Recent Advances in Nanoparticle Synthesis and
Electron Microscopy
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Nanoparticles are interesting structures for scientific
study and industrial applications, given their enhanced
surface/volume ratio, size-dependent properties, and
suitability for functionalization with, or embedding in,
soft organic materials. While nanoparticles may be
synthesized via a number of methods, physical vapor
deposition offers excellent control and versatility in
nanoparticle structure and composition. In order to
understand growth mechanisms and behavior in these
synthesized hybrid nanostructures, Transmission Electron
Microscopy is an invaluable technique to obtain structure
and compositional information with atomic resolution.
In this talk, I will discuss our advanced nanoparticle
synthesis technology, giving examples of the structure
and growth mechanisms of various hybrid nanoparticle
systems. Furthermore, I will introduce recent results and
new possibilities for situ electron microscopy, involving
in situ heating, electrical bias and exposure to gas
atmospheres, allowing fundamental physical and chemical
processes to be explored, live and in real time, at the
nanoscale.
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Identifying the role of ions and their flux variations in
plasma discharges for modification of polymeric materials
is a very complex phenomenon. Hence, to have better
undersigning about the role of plasma ion, plasma radia-
tion and radicals, to tailor surface chemistry of polymeric
material, a correlation of plasma process parameters in
a two-chamber discharge was investigated and compared
with standard plasma reactors. The surface chemistry of
low-pressure argon plasma treated polymeric materials
has been studied by X-ray phto-electron spectroscopy and
atomic force microscopy. The relative oxygen to carbon
ratio at surface of polymeric materials, before and after
plasma modification, was measured. A very significant
enhancement in oxygen incorporation in the form of acid
anhydride functionalities was observed and the level of
surface modification depends on relative flux of plasma
ions in the plasma discharge. These plasma modified
polymeric surfaces were used to grow different types of
cells and cell viability, adhesion and proliferation were
measured. The findings indicate a very good correlation
between surface functionalities generated by plasma
modification and their corresponding biological responses.
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Lipid Nanocapsules: A New Platform of Drug
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Nanomedicine, nanotechnology applied to medicine, is one
of the most promising pathways for the development of
new targeted therapies. Indeed, new drug are now re-
quired not only to demonstrate a medical benefit but also
to enhance targeted mechanism of action with better per-
sonalized of the treatments. Thus, nanocarriers can be
used to achieve these requirements. Our laboratory is spe-
cialized in the design and characterization of new nanocar-
riers such as lipid nanocapsules (LNCs), which are demon-
strated interesting properties to improve the selectivity of
administered drug[1]. The lipid nanocapsules (LNCs) have
been prepared according to an original method based on
a phase-inversion temperature process recently developed
and patented[2]. Their structure is a hybrid between poly-
meric nanocapsules and liposomes because of their oily
core which is surrounded by a tensioactive rigid mem-
brane. Their size can be adjusted below 100nm with a
narrow distribution and they are stable for at least one

year in suspension. LNCs provide an opportunity to en-
capsulate various kinds of molecules (paclitaxel, ibupro-
fen, etoposide, doxorubicin, etc.) with an efficient drug
loading. Because of the presence of PEG (polyethyleng-
lycol) at the surface, after systemic administration, LNCs
are potential carriers for drug delivery to the sites of ac-
tion due to their long vascular residence time. Moreover,
immuno-LNCs could be design for the active targeting of
drug delivery to tumor cells by grafting antibodies at their
surfaces. Preclinical studies on cell cultures and animal
models have been performed, showing promising results.

This lecture will show how this breakthrough approach
allows to design efficient and no toxic nanomedicines.
Special attention is given to the ability of those lipid
nanocapsules to encapsulate efficiently lipophilic drugs
and their applications.
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The trend of Moores law has been maintained using the
current semiconductor technology of the ultra large scale
integration, as well as economic success which produces
integrated circuits (ICs) for next generation technology
node. This has been made possible by the ability of sub
nano meter lithography, by the design of next generation
resists operating at extreme ultra violet wavelengths
(13.5 nm). The major issues for the sub 22-nm half-pitch
node remain simultaneously meeting resolution, line-edge
roughness (LER), and sensitivity requirements which is
known as RLS or the triangle of death of this technology.
It is expected that EUV resists must simultaneously
pattern 20-nm half-pitch and below, with an lower LWR
and a high sensitivity. Therefore, to make a resist
perform optimally, new resist chemistry is required. One
such approach being investigated for the development
of polymeric non-CAR negative photo resists for sub 16
nm technology which is directly sensitive to radiation
without utilizing the concept of chemical amplification
(CARs). The resist microstructures are accomplished
by homopolymers and copolymers that are prepared
from monomers containing sulfonium groups which are
directly highly sensitive to radiation. These recently
reported non-chemically amplified resist materials for
EUVL, demonstrated the potential in patterning down
to 16 nm and below and having low LER. The n-CAR,
MAPDST-MMA copolymer, can image down to 20 nm
and below and it was observed that its sensitivity is
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molecular weight dependant (For MW-17,000 sensitivity
is approx. 10 mJ/cm2 and for MW 30,000 around 5
mJ/cm2). Here we will discuss in detail process param-
eters such as: spinning conditions for film thicknesses
< 50nm and resulting surface topographies, baking
regimes, exposure conditions and protocols on sensitivity,
contrast, resolution and LER/LWR. These new negative
tone resist provide a viable path forward for designing
non-chemically amplified resists that can obtain higher
resolutions than current chemically amplified resists at
competitive sensitivities.
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Amino acid regulated green synthesis and bioac-
tivity of polymer stabilized silver nanoparticles
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1Bankura Unnayani institute of Engineering, Pohabagan,

Bankura,WB., INDIA
2Synthetic Polymer Laboratory, Department of Chemistry,

Visva-Bharati University, INDIA
3Parasitology Laboratory, Department of Zoology, Visva-

Bharati University, INDIA

*Email: roy.chem85@gmail.com

Through a complete green process, polymer stabilized sil-
ver nano particles (AgNPs) were synthesized. Formation
of AgNP (transparent pale yellow to brown yellow) was
observed spectroscopically (UV-Vis) both in presence and
absence of biocompatible polymers. The yield and sta-
bility of AgNPs was regulated by concentration level of
amino acid tyrosine.

Biochemical effects of the polymer stabilized metal nano
particles were studied in terms of antiparasitic (antifilar-
ial), antibacterial and antifungal activities. The particles
were found to be strongly interactive with the principle cel-
lular bio-molecule (viz. DNA) and protein, which might be
the reason of their bioactivity. Particularly against para-
sites, the synthesized AgNPs were able to induce apoptosis
through increasing the level of key regulator of cell death
and fragmentation of genomic DNA.

Molecular level studies, which were carried out by
Circular Dichorism (CD) spectroscopic analysis, showed
the interaction of AgNPs with principal biomolecules
(DNA & Protein). That interaction changes the structure
of DNA and protein which might be the reason behind
their biochemical activity.
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erties of PVA: Gd3+ and PVA: Ho3+ polymer films
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The present paper brings out the results concerning the
preparation and optical, electrical and magnetic proper-
ties of Gd3+ and Ho3+ each ion separately doped (1 mol%

Dy3++x mol% Sm3+): PVA Polymer films by a solution
casting method. The semi-crystalline nature of the
polymer films has been confirmed from XRD analysis[1].
The FTIR analysis confirms the complex formation of the
polymer with the metal ions. Temperature dependent-
impedance spectroscopy analysis in the frequency range
100 Hz to 1MHz reveals a single conduction mechanism
for these films[2]. The dc electrical conductivity increases
with an increase in the temperature and it could be due
to high mobility of free charges (polarons and free-ions)
at higher temperatures. The conductivity trend follows
the Arrhenius equation for PVA: Gd3+ and for PVA:
Ho3+ polymer films. PVA: Gd3+ polymer films shows
ferromagnetic nature, while PVA: Ho3+ polymer films
have revealed paramagnetic nature based on the trends
noticed in the magnetic characteristic profiles.
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The clinical need for strong, biocompatible materials that
encourage integration while minimizing adverse reaction,
such as tissue reaction and adhesion formation in regener-
ative medicine, is apparent. Yet, the design and develop-
ment of optimal biological soft materials for surgical repair
to reinforce or replace soft tissue remains problematic. A
variety of scaffold materials are available, each with dif-
ferent physical properties and each associated with a spe-
cific and unique host response. Scaffold materials can be
either synthetic or naturally occurring. The most com-
monly used naturally occurring scaffold material has been
the structural protein collagen. Collagen is a naturally oc-
curring, highly conserved protein that is ubiquitous among
mammalian species and accounts for approximately 30%
of all body proteins. Natural collagenous materials are
being investigated in regenerative medicine because of in-
herent low antigenicity and their ability to integrate with
surrounding tissue.

The biological soft tissue materials have been developed
using abattoir waste materials, from tissues which are
rich in collagen. The materials used include diaphragm,
pericardium, blood vessels, skin, intestines and gall
bladder. The techniques were developed for making
acellular matrix from the skin collected from different
species of animals (rabbit, rat, goat and pig). Hypertonic
(50mM Tris Hcl, 1M NaCl, 10mM EDTA) and hypotonic
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(10mM tris Hcl, 0.5M NaCl, 5mM EDTA) solutions
were used for optimizing procedure. Skin pieces of 2 x 2
cm2 size were continously agitated in these solutions on
orbital shaker. It was observed that continous agitation
of these tissue samples for 6 to 8h resulted in complete
de-epithelialization. De-epithelialized samples were
subjected to 1% ionic and non-ionic biological detergents
along with 0.1% sodium azide for the preparation of
acellular dermal matrices. Complete decellularization
was observed between 24 to 48h of treatment depend-
ing upon the thickness of skin tissue samples. These
developed acellular matices were used as scaffolds to
attain 3-D growth of primary fibroblasts cells. Mor-
phological assessment, cell proliferation and viability
were done for their in-vitro biocompatibility evaluation.
The result shows that treatment with hypertonic solu-
tion results in earlier de-epithelization as compared to
hypotonic solution. Ionic detergent were found better
than non-ionic biologiacal detergents in preparing acellu-
lar matrices and have better 3-D growth in these matrices.
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NK-2, an antimicrobial peptide, derived from cationic core
region of NK-lysin, displays antimicrobial activity towards
negatively charged membranes . We have studied the in-
teraction of NK-2 with various phospholipid membranes
using a variety of experimental techniques to obtain in-
sight into the kinetics and mechanism of pore formation
induced by NK-2. As model membranes, we have cho-
sen large unilamellar vesicles (LUV) and giant unilamellar
vesicles (GUV) composed of lipid mixtures which mimic
the bacterial membrane.

The binding affinity of NK-2 to negatively charged
lipids was determined from isothermal titraction calorime-
try (ITC) and zeta potential measurements. Our results
of ITC suggests that NK-2 strongly interacts with nega-
tively charged membranes, whereas, interaction is weak in
the case of neutral membranes. This result is consistent
with those obtained from zeta potential. Presence of
large aggregates, as found from dynamic light scattering
of LUV dispersions, suggests the membrane-membrane
interaction mediated by NK-2 bridges. Finally, the
evidence of trans-membrane pores has been revealed
using optical microscopy on GUVs exposed to NK-2
solution. The present study suggests that NK-2 is
a pore-forming peptide and does not cause detergent-
like membrane destabilization as known for other AMP[2].
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Carbon dioxide is one of the main contributors to the
global warming[1]. The efforts to minimize generation
and sequestration of CO2 are of great importance. It has
been found that the electrochemical reduction technique
may not only convert CO2from the environment but the
products of electrochemically reduced CO2 can be used as
fuel. Some of the main reaction products of electrochem-
ical reduction of CO2 (ERC) are formic acid, methanol,
hydrocarbons, and oxalic acid. Moreover, the synthesis of
fuels (value added products) by the conversion of CO2 is
of special interest for the storage of renewable energy like
solar energy, which may be supplied for the conversion of
CO2. In this research work, electrochemical reduction of
carbon dioxide in the gaseous phase is investigated using
cationic and anionic solid polymer electrolytes. Influence
of solid polymer electrolyte medium on electrochemical
reduction of gaseous CO2 into fuel is studied, in view
of the surplus thermodynamic energy of the generated
fuel. The electrodeposited Cu2O on porous carbon
paper is used as cathode whereas Pt/C on the carbon
paper is used as anode. The products formed after the
electrochemical reduction of carbon dioxide are analyzed
by gas chromatography and high performance liquid
chromatography[2]. ERC experiments are carried out
at room temperature and atmospheric pressure. Mainly
methane, ethylene and methanol are formed as products
apart from the undesired hydrogen gas as a by-product.
It has been found that anionic solid electrolyte is more
favorable than cationic solid electrolyte. Faradaic effi-
ciency for the conversion of CO2 into products is more
than 45% using anionic solid polymer electrolyte at 2.5V
and 5.4 mA.cm−2.
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In this paper, we propose a heterostructure four channel
drop filter based on 2-D dual photonic crystal ring res-
onator in which, wavelength drop operations are accom-
plished by coupling between two waveguides.

The structure is devised in 2-D square lattice which
contains circular material rods in air host. Further-
more, nanoscale effects on the filters performance includ-
ing wavelength spacing and dynamic response are consid-
ered.

The designed filter comprises of three dual ring res-
onators with four different values of refractive index that
can be used to drop four channels centred at 1558nm,
1568nm, 1578nm and 1588nm. The designed filter gives
98% dropping efficiency for first channel, 82% for second
channel, 74% for third channel and 70% for fourth channel
whose corresponding refractive indices are 3.49, 3.59, 3.69
and 3.79, respectively. Simulations are performed using
2-D finite-difference time-domain calculations.

The suggested heterostructure based channel drop
filter is compact and the overall size of the chip is in m.
So, such kind of devices would be more useful for the
realization of integrated optic circuits for CWDM systems
and, future access and metro networking applications.
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Conducting Polyaniline (PANI) was prepared using ox-
idative polymerization method by using surfactant SDS,
DBSA with dopant HCI. Samples were characterized by
XRD, Raman Spectroscopy, TGA and Electrical conduc-
tivity. XRD shows the crystalline nature of PANI as well
as conformation of its formation. Raman spectroscopy
results conforms emeraldine oxidation state. Thermal
degradation of synthesized materials starts after 1000C.
Electrical measurements indicate conducting nature of
PANI.
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Self-assembly of stably trapped colloidal particles at
electrolyte interfaces has attracted much interest in
recent years. For charge stabilized colloids at the inter-
face, the attractive part of the interaction is dominated
by strong van der Waals force which is balanced by a
repulsive part coming from the electrostatic repulsion
between the colloids. For large separations between the
particles, this repulsive part of the interaction can be
compared to a dipole-dipole interaction. However for
distances close to the particle this simple dipolar picture
cannot be applied. In this contribution we will consider
the case of colloids situated very close to each other
(inter-particle distance small compared to the size of the
particles) at an electrolyte interface by going beyond the
superposition approximation [1]. Within an appropriate
model exact analytic expressions for the electrostatic
potential as well as for the surface and line interaction
energies are obtained. They demonstrate that the widely
used superposition approximation, which is commonly
applied to large distances between the colloidal particles,
fails qualitatively at small distances and is quantita-
tively unreliable even at large distances. Our results
contribute to an improved description of the interac-
tion between colloidal particles trapped at fluid interfaces.
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Among the noble metal Nanoparticles, gold nanoparticles
(AuNPs) has gained special attention due to their unique
shape and size dependent properties, which has applica-
tion in various fields including catalysis, biotechnology,
optics and electronics. An interesting feature of these
nanoparticles is the possibility of tuning their properties
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by surface modification with suitable functional molecules
such as organic thiol compounds, surfactants, long chain
amine, and carboxylates. Various nontoxic polymers (en-
gineering polymers, carbohydrates, biopolymers and den-
drimers) have also been successfully used as functional
molecules.

Biopolymer inspired gold nano particles (AuNPs) were
synthesized through ultrasound assisted green process.
The synthesis was carried out by reducing Au3 to Au0

in presence of aqueous solution of chitosan, a biocompat-
ible, biodegradable and nontoxic biopolymer in an ultra-
sonic bath. Formation of AuNP was observed both vi-
sually and spectroscopically (UV-Vis). The synthesized
nanocomposite was further characterized by TEM, SEM,
EDAX, DLS techniques. Zeta potential measurements,
Mass spectrometry studies were also carried out. Circu-
lar Dichorism (CD) spectroscopy pointed out the AuNP-
Protein and AuNP-DNA interactions.

Biochemical potency of the polymer stabilized gold
nanocomposite was studied in terms of antiparasitic
(antifilarial), antibacterial and antifungal activities. The
nanocomposite was found to be very efficient against
pathogenic bacteria and fungus and filarial parasites.
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Thermally rearranged (TR) polymers have shown good
combinations of gas permeability and selectivity in recent
years[1]. Polyimides containing ortho-positioned func-
tional groups (PIOFGs) have better applications for gas
separation in contrast to conventional glassy PIs after
thermally rearrangement[2,3]. Introduction of nanopar-
ticles into the polymer matrix has been shown to mod-
ify transport properties in polymeric membranes[4]. In
present work it is propose to examine the effect of ther-
mal rearrangement on the nanocomposite polymer in con-
trast to the pure polymer. The polymeric membranes were
placed in a carbolite tube furnace at higher temperature
of 3500C -4500C under N2 atmosphere. Initially the sam-
ples were heated to 3000C with heating rate 50C /min and
held at 3000C for 60 min to ensure complete imidization,
the polymers were then heated to 3500C-4500C with the
same heating rate and held for 30-60 min and then cooled
at room temperature with cooling rate 100C /min. The
permeability of H2, CO2, O2, N2 and CH4 was measured
using the constant volume/variable pressure method[5] for
pure, nanocomposite and thermally rearranged polymer
membrane.

Transport properties of a thermally rearranged poly-
imide nanocomposite membrane compared with a neat
thermally rearranged polymer membrane using H2, CO2,
N2, O2 and CH4 have been reported.
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The present study reveals the optical properties of
PET-ZnO nanocomposites. The ZnO nanoparticles have
been prepared by chemical route. The spherical shape
and average size of nanoparticles have been found as
16 nm from TEM studies. This result has also been
supported by XRD patterns, where particle size has
been calculated using Debye-Scherrers formula. With the
help of Raman spectroscopy, the molecular vibrations
in PET-ZnO nanocomposites have been analyzed. The
band gap and extinction coefficient have been calculated
using absorption spectra. The UV- Vis results show
that band gap decreases with the increase of wt% of
nanoparticles in the nanocomposites due to less band
gap of ZnO nanoparicles where as extinction coefficient
decreases with the increase in wavelength due to increase
of charges carries.
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La1−xCaxMnO3 (x=0.0, 0.3, 0.5 and 0.7) LCMO thin
films on Si (100) were prepared by the pulsed laser deposi-
tion method. An investigation of Ca-doped LaMnO3 was
made to understand the element specific characterization,
electronic structure and chemical environment of ions
(La3+, Ca2+Mn3+/Mn4+, and O2−) in the compound
La1−xCaxMnO3. Electronic structure of these samples
has been studied by near-edge X-ray absorption spec-
troscopy (NEXAS) at K-edge of oxygen, L3,2 edge of
Mn. The spectra observed in the O K-edge probes the
unoccupied density of states with the O 2p symmetry
due to dipole selection rules which arise mainly from
the hybridization of O 2p states with various states of
neighboring atoms, 3 d states of Mn and also the d
states or rare earth La. These studies indicate lower
Mn 3d-state occupancy, i.e. higher Mn valency. These
studies also confirm that the samples contain a mixture
ofMn2+ and Mn3+ and also suggest that the density
of states increases with Ca doping. Due to this mixed
valence state of Mn brought about by the introduction of
Ca in the LCMO system, multi channel double exchange
mechanism (Mn2+-O- Mn3+, Mn3+-O- Mn4+) is favored.
Hence the mixed valence state of Mn is responsible for
modifying the magnetic and other transport properties of
the LCMO system.
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The novel α-Fe2O3/SnO2 semiconductor nanoheterostruc-
tures (NHS) were fabricated by a facile hydrothermal
process. The weight ratio of SnO2 to α-Fe2O3 was varied
as 1:2, 1:1 and 1:0.5 respectively during hydrothermal
reaction at 1600C for 3 h. The structural, elemental
composition, morphology and magnetic properties of the
samples have been examined by means of XRD, EDAX,
high resolution transmission electron microscopy and
vibrating sample magnetometer. XRD patterns of the
NHS reveal that, all the diffraction peaks corresponds

to the hexagonal phase of α-Fe2O3. Four broad and
distinct humps appeared in the XRD indicates that,
SnO2 quantum dots (SQDs) were adhered on the surface
of α-Fe2O3 and they were amorphous in nature. TEM
images confirm the adhesion of SQDs on the surface of
α-Fe2O3 and the size of SQDs was 5 nm. It also shows
that α-Fe2O3 nanoparticles have a hexagonal morphology.
From the hysteresis measurements a decrease of satura-
tion magnetization from 1.5632 emu/g to 0.0239 emu/g
was observed when the weight ratio of SnO2 increases.
This can be attributed to the breakage of super-exchange
bonds between the non-magnetic SQDs core and the
α-Fe2O3 surface. An enhancement of Morin transition
temperature from 230 K to 240 K was observed when the
weight of SnO2 increases.
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Colloidal particles irreversibly adsorb at fluid-fluid inter-
faces stabilizing Pickering emulsions[1] and foams. Highly
charged particles cannot stabilize emulsions due to image
charge effect[2]. Electrolyte or surfactant is used to suit-
ably screen the charge on particles thus enabling them to
stabilize emulsions. However, this problem of using elec-
trolyte/surfactant etc. can be circumvented by using op-
positely charged particles (OCPs) where they form charge
neutral aggregates and thus stabilize emulsions which are
truly electrolyte free. A majority of work done so far in
this field is limited to emulsions/foams which are made
with single type of particles.

In recent years, there has been an increasing interest
in understanding nature and mechanism of formation of
Pickering emulsions/foams with oppositely charged parti-
cles. Estimation of droplet size is of particular interest
in emulsion science, since many properties like stability,
shelf life, rheological properties, texture and aesthetic ap-
peal are intimately connected to it. In case of conventional
Pickering emulsions, Limited coalescence model3 provides
a theoretical model to understand and estimate droplet
size. However, a similar frame work is missing in case of
Pickering emulsions with oppositely charged particles.

In standard limited coalscence model the droplet di-
ameter is inversely proportional to particle concentration.
In this model the droplet size is estimated based on the
assumption that all the particles go and adsorb at the
droplet interface created during emulsification. However,
in case of emulsions made with oppositely charged par-
ticles it is experimentally observed that the relative pro-
portion of positive to negative particles sensitively affects
the final droplet size. So, there is a need to suitably mod-
ify the Limited coalscence model to make it applicable to
mixed particle systems.

In this study, We present a theoretical model, to
quantitatively estimate droplet sizes in such emulsions
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and also experimentally show that w/o emulsions with
precise control on droplet size can be made by carefully
tuning the relative proportion of oppositely charged
particles at constant particle loading. This technique
provides an additional handle on control of droplet size in
Pickering emulsions which will be of crucial importance
for applications ranging from paints, food emulsions,
foams to oil recovery, pharmaceuticals and cosmetics.
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Curing is the process of applying pressure to the green tire
in a mold in order to give it its final shape, and applying
heat energy to stimulate the chemical reaction between the
rubber and other materials. In this process the green tire is
automatically transferred onto the lower mold bead seat, a
rubber bladder is inserted into the green tire, and the mold
closes while the bladder inflates. As the mold closes and
is locked the bladder pressure increases so as to make the
green tire flow into the mold, taking on the tread pattern
and sidewall lettering engraved into the mold. The bladder
is filled with a re-circulating heat transfer medium, such
as steam .

The study of the flow of matter, primarily in the liquid
state or solids under conditions in which they respond with
plastic flow rather than deforming elastically in response
to an applied force. The recent change in world scenario
in shifting towards restriction on PCA rich extender oils
leads to search for naturally occurring oils and low PCA
Oil.

Present study is focused on curing properties of SSBR
rubber based truck tyre tread cap compound with differ-
ent eco-friendly oils. These oils are found to be suitable
on the basis of low PCA content. As the presently
available low PCA oil in the market in the form of MES
& TDAE and naphthenic oil are comparatively costly.
This paper deals with the curing behavior of different low
PCA oils base formulation in Tyre tread cap compound.
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Liquid crystals (LCs) have been employed in myriad ap-
plications ever since this state of matter was discovered
by an Austrian Botanist Friedrich Reinitzer in 1888[1]. In
recent times, LCs have been reported to be used for sens-
ing of various chemical species and monitoring biological
events[2-6]. The sensing ability of the LCs is attributed
to the transition in their original molecular configuration
on exposure of the chemical or biological components[3,4].
The ordering transition can be traced with the help of
cross polarized microscopy[3,6].

In this work, it is proposed that a more efficient sensing
protocol can be built by forming a uniform LC (5CB:4-
Pentyl-4-cyanobiphenyl) film on a microscopic glass slides
using a fixed blade coating device. This device is capable
of spreading LC emulsions in ethanol and heptane over
a significant portion of the glass surface at user-defined
coating speeds[7]. Two types of substrates are utilized:
acid-cleaned and Octadecyl Trichloro Silane (OTS).

It is shown that the hydrophilic acid-cleaned glass sub-
strates serve as a more reliable sensing platform for detect-
ing aqueous surfactant solutions. The optical textures so
developed are utilized for the detection of anionic (Sodium
Dodecyl Sulphate (SDS)), cationic (Hexadecyltrimethyl
Ammonium Bromide (CTAB)) and non-ionic surfactant
(Nonaethylene monodecyl glycol ether (C12E9)) solutions,
at concentrations below and above critical micelle concen-
tration (cmc). We further show by measuring the solid
surface energy of 5CB and surfactant adsorbed surfaces
that the transition observed are indeed due to the inter-
action of surfactant molecules with 5CB.

Hydrophobic OTS treated glass substrates, on the other
hand are found to effectively detect vapours of many or-
ganic species. Our experiments show that the non-polar
species such as pentane, hexane, heptane etc. are detected
slightly faster (response time less than 10 s) as compared
to the polar species like ethanol, iso-propanol, acetone (re-
sponse time greater than 10 s). We hypothesize that this
observed effect is due to the stronger hydrophobic interac-
tion between the head group of 5CB and alkyl chain of the
non-polar component. The same interaction is thought to
be hindered in case of the polar components.

In conclusion, 5CB droplet decorated surfaces can
function as sensing platforms for aqueous surfactant,
glucose solutions and organic vapors. These surfaces
have very low limit of detection and hence even small
quantities of external analyte can be detected. Further,
solid surface energy measurements can be a simple tool
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for verifying that the observed optical transitions are
actually due to the interaction of external analyte with
5CB molecules.
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Liquid crystals (LCs) are found to play a vital role in
many applications such organic transistors, sensory, liq-
uid crystal devices (LCDs) and bio-medical applications
etc.[1,2]. This state of matter is found to exhibit various
phases which can be tuned by either temperature (ther-
motropic) or both temperature and surfactant concentra-
tion (lyotropic)[3]. Colloidal particles in LC composites
have gained attention as interactions between particles
and LCs can lead to variety of microstructure with su-
perior electrical and magnetic properties [4].

In this work, rheological properties resulting from
adding colloidal rhombohedral and acicular/elongated
shaped iron oxide colloidal particles in lyotropic hexag-
onal liquid crystal are reported. Effect of particle concen-
tration, shape and cooling rate on the composite system
is studied. Hexagonal liquid crystal phase is formed by
non-ionic surfactant Nonaethylene glycol monodecyl ether
(C12E9) in water system on cooling from 65-2500C.

The sample is a low viscosity liquid above the LC tran-
sition temperature and becomes a soft solid as the tem-
perature is lowered to 2500C. This is consistent with the
rheological data where the storage modulus (G) showed an
enormous increase as the temperature is cooled to 2500C.
The systems with acicular/elongated shaped iron oxide
colloidal particles exhibited an almost linear increase in
storage modulus with particle loading at all the cooling
rates whereas the rhombohedral shaped particle systems
showed a monotonic increase in G only upto 1.5 wt %
particle concentration, beyond which a nearly plateau re-
gion is observed. This difference in trend is attributed to
the faster packing of the rhombohedral shaped particles in
comparison to the elongated shaped particles within the
LC domains.

The cross polarized microscopy results are also found
to be concurrent with the rheological observations- The
microscopy images revealed that the increase in G was ac-
companied by corresponding decrease in the average LC
domain sizes. This is thought to be due to slowing down
of the nucleation rate of LC domains from the particle
networks formed after elimination of colloidal particles.

Furthermore, on increasing the particle concentration and
cooling rates, the rhombohedral shaped nanoparticle sys-
tems showed a comparatively faster decrease in LC domain
size upto 1.5 wt % as compared to the elongated shaped
particles system.

In conclusion, our study shows that the morphology and
mechanical strength of the colloidal particles-hexagonal
liquid crystal composites can be tuned by controlling the
colloidal particle concentration, shape and cooling rate.
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The effect of surface active agents on deformation and
breakup of conducting drop placed in viscous dielectric
fluid subjected to externally applied electric field is
studied experimentally. In presence of electric field drop
deforms to a steady state shape till electric stresses and
viscous stresses balances out, and will break in smaller
droplets if the field strength increases beyond critical
capillary number (Ca). The presence of surfactants
in one of the phase reduces the interfacial tension
between two liquids. It alters the surface properties,
e.g. interfacial elasticity and interfacial viscosity, also
induces the interfacial flow which can change the mode
of breakup. The breakup generally takes place via two
mechanisms, tip-streaming and end pinch-off. When the
interface is clean or contaminated by very little amount
of surfactant, the drop ruptures into smaller droplets via
the end pinch-off mechanism. A second mode of drop
breakup, tip streaming occurs for certain intermediate
concentration range. If the surfactant concentration
exceeds this range, the breakup mode goes back to end
pinch-off mechanism. A third mode of breakup has
recently been observed. With the addition of an appro-
priate surfactant and under proper choice of operating
conditions, the drop ruptures via a catastrophic mode
wherein the drop breaks up instantaneously into very tiny
droplets without undergoing either of the aforementioned
breakup mechanisms. Therefore; the emulsion produced
would be highly stable. From our investigations as shown
in figure, we have observed that the drop undergoes
elongation, similar to the other modes of deformation,
and then exhibits a series of different kind of instabilities
similar to Saffman Taylor, Kelvin Helmhothz and Taylor
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Plateau and finally burst into a fine mist. It is also
observed that when the stretched water drop shorts the
electrodes there is another mode of drop breakup, possibly
involving dielectric breakdown of the liquids. Based on
the experimental results the phase diagram for mode of
breakup is found out. The use of this new mechanism
is being explored in the chemical processing industry
for the bulk production of fine water drop in oil emulsions.
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We have investigated the effect of chain length on the
thermal denaturation as well as on mechanical unzipping
of double stranded DNA (ds-DNA) molecule. We use
a simple nonlinear Peyrard Bishop and Dauxois (PBD)
model and calculate the melting temperature as well as
the critical force as a function of chain length for different
heterogeneous chains. We found that in mechanical
unzipping, when a force is applied on an end, there is a
length up-to which the effect of applied force sustains.
After that the base pairs have no information about the
applied force. By comparing the force require to unzip
chain open end and restricted end, we found a critical
length above which the ends play no role in opening of
the chain. For shorter chain, the end entropy contribute
to the forced opening from the other end. We consider
chains of different length and found minimum length
where the end entropy does not contribute significantly
in the opening of chain.
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Self-organization of organic molecules at air-water in-
terface is very useful to get controlled two dimensional

systems with unique physical and chemical properties.
Cholesterol and its esters are well known biological
molecules self-organizing into monolayers and bilayers
at air-water interface. Recently, graphene oxide(GO)
monolayer has drawn lot of attention due to its unique
properties. Though GO is a hydrophilic material because
of its colloidal stability in water, recently its amphiphilic
nature that depends the size of the GO sheets has been
reported. Here we report our studies on the variation
of surface pressure-area isotherm with subphase pH.
We have prepared alternative layers of cholesterol and
GO by Langmuir-Blodgett method and studied them
by ellipsometry and atomic force microscopy. We find
individual big sheets of GO at air-water interface by
Brewster angle microscopy. Our study has relevance to
technological applications in biosensor and bioelectronics
applications.
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The presence of geometrical confinement can strongly af-
fect the net displacement of particle. Such sitiation arise in
very different scenarios ranging from the nano-emtric scale
such as for ion-channels to the micrometric scale as is for
porous media, multidisperse colloidal suspension, cellular
cytoplasm just to mention a few.

When such systems are active or under an exteranl
forces, the different exploration of the phase space can lead
to new dynamical regimes[1,2]. In the present contribu-
tion, we study the motion of charged and neutral tracers,
in a z-z electrolyte embedded in a varying section chan-
nel. Making use of systematic approximations, we map
the convection diffusion equation governing the motion of
tracers density in an effective 1D equation describing the
dynamic along the channel where its varying-section is
encoded as an effective entropic potential. We describe
the onset of a novel electro-osmotic flow velocity pattern
with regions of the channel in which the electrolyte moves
against the average fluid flow.

Such recirculating regions lead to novel transport
regimes for suspended charged as well neutral colloids.
This novel dynamical regime allowes for a geomtrically-
controlled mass as well electric current control. For
higher values of the channel corrugation some tracers
move against the average fluid flow hence leading to an
alternative device for particle separation. Finally negative
mobility of neutral tracers, optically trapped along the
longitudinal axis of the channel, spontaneously arises as
the net effect of the geometrically-modulated fluid flux.
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Liquid-solid interfaces play an important role in a num-
ber of physical, chemical and biological processes such
as adsorption, adhesion, tribology and electrochemistry.
Changes in the structure of liquid in close vicinity of a
solid surface, penetration of liquid into pores and adsorp-
tion are common phenomenon that occur when a liquid
comes into contact with a solid substrate. A microscopic
understanding of the processes occurring at the liquid-
solid interface is of fundamental importance in order to
understand processes like wetting and behavior of liquids
in confined environment.

We studied the structure of a Lennard-Jones type
liquid in contact with a hard solid wall which is weekly
attractive at short distances and is endowed with nanopits
of square cross section. We used Modified Rosenfeld
Functional to study the structure of the liquid deep in the
liquid regime at nanoscale. Inside the nanopits 3d-type
localization of liquid may be observed with high density
spots separated from each other in all spatial directions
by regions with considerably lower liquid density. The
onset of this localization is already at a packing frac-
tion much lower than that of the liquid at liquid-solid
coexistence. For suitably chosen widths and depths of
the pits commensurate with packing requirements the
high density spots are compact and form nice cubic
lattices or are at least ordered in some planes on square
lattices. The number of spots (lattice sites) depends on
width and depth of the pit. Deviating too much from
the commensurate widths leads to smearing and to the
formation of bridges between high density spots. We
followed the evolution of the structures as the width of
the pit was changed from one commensurate value to the
next and we also studied the effect of packing fraction
on localization. Above the pits mainly layering is ob-
served. The layers are distorted above the pit opening, but
these distortions die out within some molecular diameters.
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Electrowetting on dielectric (EWOD) which originates
from the phenomenon of electrowetting has been exten-
sively investigated since the last decade as promising tech-
nology for liquid manipulation actuation[1]. EWOD is
usually taken to control directly the wettability of liquid
on the surface of the hydrophobic layer by changing the
electric potential between the liquid and the microelec-
trode array beneath the dielectric layer. In EWOD mi-
crofluidics flow microchannel normally has Teflon/parylen
as hydrophobic and dielectric layer; we previously pre-
sented a EWOD based open microchannel in which SU8
was used as hydrophobic and dielectric layer[2].

The present work investigates the surface modification
of SU8 surface achieved by functionalization the Oc-
tadecytrichlosilane (OTS, Cl3Si (CH3)17) self assembled
monolayers (SAM) for electrowetting application. OTS,
self assembled monolayer deposition is one of the most
extensively known and widely used ways to influence the
chemical and physical properties of various surfaces[3].
The surface topography, wetting properties of modified
SU8 surfaces were characterized using the contact angle
goniometry, atomic force microscopy (AFM) and FTIR
spectra. The SU8 surface exhibits the hydrophobic nature
with contact angle ≤ 900 ± 20 .The investigation shows
the obtained hydrophobic surface was contact angle
≈ 1270±20 by applying the OTS self assembly monolayer
on SU8 surface.
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Treatment of surfaces to change the interaction of flu-
ids with them is a critical step in constructing useful
microfluidics devices; especially those used in biological
applications. Selective modification of inorganic materi-
als such as Si, SiO2 and Si2N4 is great interest in re-
search and technology. Such materials have shown to
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possess a great potential in microelectronics and microflu-
idics applications[1-2]. Typically, Octadecyltrichlorosilane
(OTS) self assembled monolayers are used for surface mod-
ification of such materials[3].

We evaluated the chemical formation of OTS self-
assembled monolayers on silicon substrates with a differ-
ent dielectric material. Our investigations were focused on
surface modification of formerly used common dielectric
materials SiO2, Si3N4, a-poly. The deposition of dielectric
materials was carried out using different chemical vapour
deposition methods and thermal oxidation to achieve the
desired thickness. The piranha cleaned silicon substrate is
used for deposition of dielectric materials. After dielectric
deposition the samples were dipped in to a toluene/OTS
solution to allow the OTS to uniformly self assembles on
the sample surfaces, and held in the glove box for two hour
without any disturbance. After SAM formation, the sam-
ples were rinsed sequentially with toluene, dried by argon
flow.

The OTS SAM modification to improve hydrophobic
characteristic of dielectric materials reported in the
present work. We performed contact angle measurement,
atomic force microscope and scanning electron microscope
(SEM) for to characterize the wetting behaviour after
OTS SAM deposition. The SEM images of OTS modified
dielectric materials surface are shown in Figure1. The
water contact angle (WCA) with modification of dielectric
surface using silanization process improves to > 1100 in
comparison to less than 900 for unmodified surface of
dielectric materials.
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Smart surfaces which can dynamically tune the surface
properties (such as wetting, adhesion and friction) under
external stimuli have received significant attention in re-
cent years. Such surfaces find application in microfluidics,
robotics, micro- and nanofabrication of complex struc-
tures[1]. Generally, wetting behavior is strongly depen-
dent on both surface topography (i.e. physical roughness)
and surface chemistry[2] (i.e. surface energy). Dynamic
tuning of anisotropic wetting on surface is of great inter-
est. Patterned surfaces with varying topology have been

shown to influence anisotropic wetting. These surfaces are
generally realized by a range of micro- and nanofabrication
techniques such as photolithography, chemical etching, e-
beam lithography and laser induced cutting method.

In this work, we demonstrate a method of tuning the
anisotropic wetting of a surface by mechanically stretch-
ing a topologically patterned elastic PDMS film. The
alternating step profile of optical discs such as compact
disc (CD) and digital versatile disc (DVD) was repli-
cated on PDMS by imprint lithography[3].The film was
mechanically strained to vary its periodicity and groove
height. The degree of wetting anisotropy was found to
tune in accordance with the change in mechanical strain.
Surface roughness and energetic barrier were found to be
responsible for the tunable wetting. The tuning of surface
wetting was found to be reversible and repeatable owing
to the robust microstructure and excellent elasticity of
PDMS. This work provides a new insight into smart
anisotropic surfaces with tunable wetting for microfluidic
devices because mechanical strain is a highly versatile
stimulus which can be easily applied to a wide range of
elastic materials[4].
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Lipid molecules, having two hydrophobic hydrocarbon
tails, spontaneously self-assemble in aqueous environment
to form bilayer membrane. Because of high difference
in dielectric constant, between the membrane and the
solvent, lipid membranes are strongly influenced by the
action of an electric field. In electroformation technique,
the application of AC electric field induces swelling of
lipid membrane from the substrate on which they are
deposited, and finally result in the formation of giant
unilamellar vesicles (GUV). The origin of this swelling
and peeling mechanism remains elusive. We carry out
a coarse-grained (CG) molecular dynamic simulation of
lipid membranes in the presence of static electric-field
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to investigate this mechanism. We use MARTINI[1]
force field to model the CG DPPC lipids and water
molecules. We found that electric-field generates large
amplitude undulations in membrane. The mechanical
parameters of the membrane are found to be un-affected
by the electric field. The area compressibility modulus
shows a non-monotonic behaviour with increase in the
electric-field. For sufficiently large electric field the
membrane stretching instability leads to poration and
thereby breakage of the membrane.
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We study the shear induced structure formation in a gel
forming system, whose interaction potential is obtained
by modifying the three body Stillinger-Weber model
potential for silicon[1], using Langevin dynamics simu-
lations. The simulations are carried out at low density.
At low shear rates, particles arrange as a single thread
of beads along the flow direction and coarsening of these
threads occur along the vorticity direction. At higher
shear rates, vorticity banding happens in the system.
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Looping dynamics of polymer in which two monomers
along the chain approach each other within a small
distance, is a very active research topics because of some
real life examples like the cyclization in DNA which is im-
portant in gene expression, RNA and protein folding etc.
Large amount of experimental as well as theoretical litera-
ture is available for the closure time calculations in sticky
ended polymers. However, not much has been done so far
for a more general situation of polymer with long-range
interactions. The knowledge of chain closure dynamics in

presence of long-range interaction may provide some hint
about the factors behind the protein folding. In our work
we investigate the loop closure dynamics of a chemically
active polymer having long-range attractive interaction
between two ends. The origin of the attractive interaction
in our case is diffusiophoretic in nature, which is due to
the chemical activity on one part of the polymer. We
have investigated the loop formation in both flexible
and semi-flexible polymer with the end, which attract
each other due to diffusiophoretic forces. We employ the
hybrid MD-MPCD model to study the polymer dynamics.
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The down scaling of Si (Silicon) based MOSFET (metal
oxide semiconductor field-effect-transistor) and CMOS
(complementary metal oxide semiconductor) has led
to higher and higher packing density, increased perfor-
mance, optimum power consumption and more complex
functioning. However, the down scaling is approaching
to the ballistic limits of electron transport for channel
lengths of nanodevice[1]. At present, the semiconductor
industry is looking extensively for new materials that
can surpass the existing Si based technology[2]. In this
context, the semi metallic Graphene (Gr) is one of the
most talked candidates among others. For a very small
applied voltage, Gr can carry a current density with
very high mobility of charge carriers in comparison with
than existing Si based technology. In other words the
charge carriers simply move faster in the Gr than in
Si. The replacement of existing Si technology with Gr
is possible only; if the later can exhibits properties like
current saturation and existence of a band gap. Normally,
Gr based field effect transistors (Gr-FET) shows three
regions of operation, for instance one linear region and
two saturation regions, which means both unipolar and
ambipolar saturation regions[2]. In present work we
present our results on simulation for a dual gate control
Gr-FET. The advantage of using dual gate control is the
conduction in the channel is controlled by single type of
charge carriers, thereby forcing the device characteristics
(drain current, Ids) to stick into saturation region rather
then moving into second saturation region[3,4]. The
simulation results for the current saturation in Gr-FET
for different readings of back gate voltage will be discussed.
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Zinc oxide (ZnO) in its nanostructured form is emerging
as a promising material with great potential for the
development of many smart electronic devices. Zink
oxide nanoparticles were synthesized by chemical precip-
itation method by using Zink Chloride as a precursor in
methanol medium. X-ray diffraction (XRD) and Trans-
mission electron microscopy (TEM) results confirm the
nanostructure of ZnO nanoparticles. Thin film of block
copolymer (PS-b-P4VP) solution with an additive HABA
was deposited on a glass substrate by spin coating. ZnO
nanoparticles are deposited in the nanotemplates with
different concentration. Their morphology were examined
by atomic force microscopy (AFM) and scanning electron
microscopy (SEM). The optical properties were examined
by UV-Visible Spectroscopy and Photoluminescence (PL).
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A binary fluid mixture near its consolute point exhibits
critical fluctuations of the local composition. While the
static properties of the mixture are well described by
the 3D Ising universality class[1], the dynamic properties
involving conservation of particles, energy, and momen-
tum are classified as model H[2]. Confinement of critical
fluctuations in such a mixture leads to critical Casimir
forces[3,4] acting on the confining surfaces. We present
results for collective transport quantities for a symmetric
binary Lennard-Jones fluid, confined in a slit pore, close
to its bulk critical point. Comprehensive results for the
bulk phase behavior and static & dynamic properties in

bulk are also presented. Our results from the state-of-the
art molecular dynamics and Monte Carlo simulations, for
both bulk as well as confinement, are compared to theory
and experimental observations.
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A two dimensional system of mono-disperse particles with
competing short range attraction and long range repul-
sion is numerically investigated. Keeping the competing
interaction strength fixed at low temperature and density,
a dynamical transition from an exponential to power-law
behaviour of self-fluctuations has been observed as a
function of the repulsive screening length alone. This is
accompanied by a structural transition from non-compact
to compact aggregates. Whereas strong bonding is
responsible for non-compact cluster formation, caging
dynamics in compact clusters result in non-exponential
relaxation characteristic of glassy behaviour. With
increasing temperature, the non-equilibrium aggregation
gives way to an ergodic liquid. With increasing density,
the system undergoes a geometric transition into a
percolating gel state, independent of temperature and
repulsion length.
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The broad applications of silver nanoparticles (Ag NPs)
and multi walled carbon nanotubes (MWCNTs) increase
human exposure and thus the potential risk associated
to their toxicity. Therefore, the genotoxic effects of these
nanomaterials toward hepatic cells of mice were investi-
gated. Ag NPs of size 10.0±2.0nm having spherical shape
were synthesized by the chemical route has confirmed
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the formation of silver nanoparticles by attaining UV-Vis
absorption maxima at 406 nm and structural analysis by
TEM. MWCNTs of diameter 20-30 nm and length 5-50
µm, obtained by chemical vapor deposition method and
characterized by SEM and XRD were acid functionalized
and solubilized with water. This aqueous solution applied
intraperitoneally to mouse at two dose levels 50 and 100
mg/kg body weight led to oxidative DNA damage in liver
cells as comet tail length, tail moment and percent DNA
in tail were found to be increased in dose dependent man-
ner in both the nanomaterial groups. In summary, the
results suggest that Ag NPs and MWCNTs of smaller size
at low concentration cause cytotoxicity and genotoxicity
leading to damage to DNA and other cellular components.
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Nanoparticles of CdS:Mn and CdS:Cu has been prepared
by chemical precipitation method. The structural char-
acterization has been carries out using XRD, TEM and
EDAX measurements. The dc conductivity measurements
are carried out to see the effect of transition metal ion
doping in CdS matrix. The dc electrical conductivity of
all the sample has been determined by I-V measurement
using the electrometer at room temperature as well as
at elevated temperatures. The electrical conductivity of
doped samples suggest that in case of CdS:Mn nanopar-
ticles, conductivity increases by an order of 103 as
compared to the undoped CdS, while in case of CdS:Cu
samples, the increase in conductivity is by an order of 104
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We propose and numerically analyze an ultra high sen-
sitive refractive index sensor based on plasmonic Bragg
grating by using the finite difference time domain method
under a perfectly matched layer absorbing boundary
condition. MIM (Metal insulator metal) waveguide
geometry is used with silver as metal whose frequency
dependent permittivity is characterized by Drude model.
Structure is analyzed by tailoring the defect length of the
waveguide and a sensitivity of (S = 624nm for per change
in refractive index unit) is obtained for defect length
(l = 0.5) an improved value of quality factor (Q = 296)
is also reported. The proposed design can be a suitable
choice for refractive index sensor.
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Titanium dioxide nanostructures have attracted a great
attention as the promising materials for energy and
environmental applications due to their structure ver-
satility and unique physical and chemical properties.
Anatase and rutile titanium dioxide nanoparticles were
synthesized by chemical precipitation method by using
titanium isopropoxide as a precursor. X-ray diffraction
(XRD) and Transmission electron microscopy (TEM)
results confirm the nanostructure of TiO2. Thin film of
block copolymer (PS-b-P4VP) solution with an additive
HABA was deposited on a glass substrate by spin coating.
TiO2 nanoparticles are deposited in the nanotemplates
and their morphology were examined by atomic force mi-
croscopy (AFM) and scanning electron microscopy (SEM).
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Sb-doped derivatives of the SrCoO3− perovskite are
characterized as a cathode material for intermediate-
temperature solid oxide fuel cells with long-term stabil-
ity and competitive power performance in the tempera-
ture range 750-8500C. In particular, SrCo0.95Sb0.05O3−δ
features a number of interesting properties that account
for the observed performance: it presents a maximum
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electronic conductivity, and low electrode polarization re-
sistance with the La0.8Sr0.2Ga0.83Mg0.17O3−δ electrolyte,
the crystal structure adopts a 3C corner-linked perovskite
network with a considerable number of oxygen vacancies,
the oxygen atoms showing high thermal factors suggesting
a significant ionic mobility.

As these compounds are predominantly ionic in nature
hence the lattice contributions to the specific heat at
constant volume (Ccv(lattice)) of pure and Sb doped
SrCoO3−δ has been studied and thereby thermal expan-
sion is computed as function of temperature by means of
Modified Rigid Ion Model[1-3]. We have systematically
investigated the effect of phonons on thermal properties,
Debye temperature (θD), molecular force constant (f),
Reststrahlen frequency (υ), cohesive energy (φ), and
Gruneisen parameter (γ) for SrCo0.95Sb0.05CoO3−δ.
Also the effect of phonons on the bulk modulus is
studied using the atoms in molecules (AIM) theory[4] for
SrCo0.95Sb0.05CoO3−δ. We have found that the computed
properties reproduce well with the available experimental
data, implying that MRIM represents properly the
perovskite cobaltate SrCo0.95Sb0.05CoO3−δ.
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The controlled growth of CdS nanoparticles is
demonstrated by precipitation method employing
Ethylenediamine-tetra acetic acid (EDTA) as a capping
agent. XRD result is suggestive of formation of hexagonal
phase of CdS with an average crystallite size of 52 nm.
The clusters of CdS nanoparticles are visible in SEM
image while elemental analysis by EDS confirms the
formation of CdS nanoparticles. A standard peak of
Cadmium Sulfide was observed at 640 cm−1 in FTIR
spectroscopy while band gap calculated using UV-Vis
spectroscopy also matches with the standard band gap
for CdS.
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It is known that colloidal- and nano-particles can be
used as stabilizers in the preparation of emulsions. Our
recent experimental study showed that binary mixture of
oppositely charged colloids (OCC) offers better control on
average size of the emulsion droplets long-term stability.
This formulation also allows many degrees of freedom
such as number ratio of colloids, charge ratio, size-ratio
and total concentration to control average size of emulsion
drops. In this study, we aim to understand the role of
charge ratio on the self-organization of OCC, dynamics
and coordination number on the emulsion interface.
This study would help rational design of experiments
for stabile emulsions, and preparation of colloidosomes
thereof.
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Polyaniline (PANI) was synthesized by oxidative poly-
merization method by using Potassium dichromate
(K2Cr2O7) as an oxidising agent. X-ray diffraction
(XRD) and Fourier transform infrared spectroscopy
(FTIR) results confirm the structure of PANI. Polystyrene
and PANI based composites were prepaid by solution
cast method. UV-Vis results of nanocomposite film in
the range of 200-400 nm is due to the interaction between
neighbouring phenyl group. The structural properties
of the composite films were determined by the Fourier
transform infrared spectroscopy (FT-IR) and X-ray
diffraction (XRD). Morphological changes of PS-PANI
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film were investigated by scanning electron microscopy
(SEM) and optical micrograph.
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X-ray diffraction (XRD) technique has been widely used
to obtain information about the molecular ordering
present in liquid crystalline systems[1]. The molec-
ular ordering in these systems can be quantitatively
expressed in terms of pair correlation function (PCF)
and as translational order parameter. The compound
p-Butoxybenzylidene p-Heptylaniline (4O.7) exhibits
smectic and nematic liquid crystalline phases. The phase
sequence exhibited by the compound has been studied
using polarizing optical microscopy and DSC techniques.
XRD profiles of the compound have been recorded at dif-
ferent temperatures in smectic and nematic phases. From
XRD data, apparent molecular length / layer thickness,
inter molecular / inter planar spacing,[1] and microstruc-
tural parameters viz., crystallite size and microstrain[2]
have been computed. PCF has been computed using
simulation technique[3]. Further, translational order
parameter has been estimated in smectic phase using the
method proposed by Kapernaum and Giesselmann[4].
The results obtained are discussed in terms of molecular
ordering present in the smectic and nematic phases.
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Strontium doped YMnO3 compound have been prepared
in single-phase form by using high temperature solid state
reaction method[1-2]. The structural and dielectric prop-
erties of the prepared sample have been carried out in the
wide range of temperature and frequency. The low tem-
perature dielectric measurements of the YMn0.95Ru0.05O3

compound have been carried out at different frequencies
with the prime aim to confirm the probable coupling in
between the ferroelectric and antiferromagnetic orders at
magnetic transition temperature (TN) below 100K. The
temperature dependence of the dielectric permittivity (ε)
of the YMn0.95Ru0.05O3 compound in the temperature
ranges from 20K-250K shows a small inverse S shaped
anomaly at 81 K which is consistent for all frequencies. A
rapid rise in the dielectric constant (ε) as well as loss tan-
gent above 200 K for all the frequencies is clearly evident
and consistent with a ferroelectric ordering temperature
above 300K.

Further in order to have better clarity of the magnetic
transition temperature the first order differential max-
imum of the (dε/dt) versus T curve reveals that the
anomaly has taken place above 80K i.e. the first order
minima in the plot. A sharp decrease in the derivative
permittivity near about 80 K for all measured frequencies
is suggestive of the fact that the compound entered in
the antiferrromagnetic phase also the rapid increase in
the dielectric permittivity with increasing temperature
indicates the ferroelectric nature in the high temperature
zone.
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Among various potential metal oxides nanoparticles,
TiO2 has been widely used as photocatalyst due to its
chemical stability and availability in commercial. In
the present study, the TiO2 nanoparticles (NPs) have
been embedded in Polystyrene (PS) membrane. For this
purpose, TiO2 NPs having a diameter of around 20 nm
were made to bind on a 30µm thick PS membrane. We
obtained NPs-PS complex with various concentrations
of TiO2 viz. 0.5%, 2%, 3%, 5%, and 10%. Keeping
in mind large applications of this TiO2 bound PS, the
antimicrobial activity of complex was checked using a
Gram negative E. coli bacteria. The bacteria was made to
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grow on Nutrient Agar media as well as in broth and after
12 hours of incubation at 370C, the growth of bacteria
was not affected even at high concentration of TiO2.
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Recent advances in the study of soft materials have led
in the last decades to a deeper knowledge of equilibrium
and non equilibrium states and to the discovery of new
phases besides the ones commonly experienced in atomic
or molecular systems. Colloidal suspensions are charac-
terized by a variety of microscopic interactions which gen-
erate complex and exotic phase diagrams encompassing
fluid, gel and glassy states and offer the possibility to
study new phase and/or state transitions. Among these
first order liquid-liquid phase transitions as well as glass-
glass transitions are quite rare to be found, especially at
ambient conditions.

Here we report experimental and numerical evidence of
a spontaneous glass-glass transition taking place during
aging of a colloidal clay. The investigation of these sys-
tems has in fact gained, in recent years, an important
role in soft matter science. The anisotropic shape and
complex interactions enrich their phase diagram of uncon-
ventional phases and make them suitable candidates for
self assembly. In this work we investigate the aging be-
haviour of a colloidal clay through a combination of dilu-
tion experiments, X-Ray Photon Correlation Spectroscopy
(XPCS)[1], Small Angle X-ray Scattering (SAXS) per-
formed at European Synchrotron Radiation Facility and
Monte Carlo (MC) simulations.

Two different glassy states are distinguished with evolv-
ing waiting time: a first one, occurring at the arrest transi-
tion (after a waiting of the order of hours), is dominated by
long range screened Coulombic repulsion (Wigner glass)
and a second one, previously unreported and stabilized by
orientational attractions between clay platelets (Discon-
nected House of Cards (DHOC) glass) is found at much
longer waiting times (of the order of days).

These findings may have relevance for applications
where a fine control of the local order and/or long term
stability of amorphous materials are required[2].
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Dynamics of complex fluids has long been the subject
of intense research due to its unusual and unexpected
behaviours. One important feature of these systems is
the slowing down of their dynamics (aging) with waiting
time. In this case the dynamics of density fluctuations
is described by a double step behaviour characterized by
a microscopic, or fast, and a structural, or slow, relax-
ation. Approaching the glass transition the fast dynamics
is mainly invariant while the slow dynamics is strongly
increased with waiting time. However it is still not clear
how the two relaxation processes behave at the liquid-glass
transition.

In the present work the aging dynamics of a colloidal
glass[1,2] has been investigated in an unprecedentedly
wide range of time and length scales through the
combination of laboratory (multiangle Dynamic Light
Scattering) and advanced (Neutron Spin Echo and X-ray
Photon Correlation Spectroscopy) scattering techniques.
Moreover Molecular Dynamics simulations complement
the experimental results. In this way we have monitored
the waiting time tw and wavevector Q dependence of
microscopic and structural relaxation times covering
both ergodic and nonergodic regimes. The evidence
of an unexpected complex dynamics is found with two
distinct behaviours for the two relaxation times across
the glass transition. The microscopic one, characteristic
of the short-time diffusion of a particle in the suspending
medium, scales as Q−2 during both regimes, depicting a
diffusive nature of particles motion. On the contrary the
structural relaxation time, associated to the structural
rearrangement of the system, shows a clear transition
from a Q−2 diffusive behaviour in the liquid regime to a
Q−1 activated dynamics in the glass regime, in agreement
with recent theoretical predictions[3]. Our results[4] are
not specific to the studied colloidal glass but are expected
to provide a general description of the complex dynamics
occurring at fast and slow timescales in complex fluids
and glass-formers.
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Cobaltate perovskites are getting renewed attention due to
their specific properties making them promising materials
in solid oxide fuel cells, gas separation membranes and
many other applications. We have investigated the elas-
tic and thermodynamic properties of the Sr1−xCaxCoO3

(0 ≤ x ≤ 0.8) probably for the first time by the means
of modified rigid ion model (MRIM). In this paper we
present the elastic constants (C11, C12, C44) and other
elastic properties like Bulk modulus (B), Youngs modulus
(Y), Shear modulus (G), Poissons ratio (σ), Lames param-
eter (µ, λ)transverse, longitudinal and average wave ve-
locity (vt, vl, vm) and Anisotropy parameter (A). Here, all
Cij constants for Sr1−xCaxCoO3 compounds are positive
and satisfy the generalized criteria for mechanically stable
crystals: (C11C12) > 0, (C11 + 2C12) > 0 and C44 > 0.
Therefore, we conclude that Sr1−xCaxCoO3 (0 ≤ x ≤ 0.8)
should belong to metallically bonding materials by ana-
lyzing their elastic modulus. The Poissons ratio in the
present work is less than the critical value, i.e., 1/3. There-
fore, Sr1−xCaxCoO3 (0 ≤ x ≤ 0.8) can be considered as
brittle materials.

Besides we have reported the thermal properties such
as molecular force constant (f), Reststrahlen frequency
(ν), cohesive energy (φ), Debye temperature (θ)D and
Gruneisen parameter (γ) at room temperature. The
lattice contribution to the specific heat and thermal
expansion for Sr1−xCaxCoO3 (0 ≤ x ≤ 0.8) has been
studied as a function of temperature (0K ≤ T ≤ 300K)
by means of a MRIM[1-2]. We have found that the
calculated Bulk modulus and Gruneisen parameter
reproduce well with the corresponding experimental data,
implying that MRIM represents properly the nature of
the cobaltate perovskites. To our knowledge some of the
properties for Sr1−xCaxCoO3 (0 ≤ x ≤ 0.8) are reported
for the first time.
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X-ray diffraction technique can be usefully employed to
extract information about the degree of ordering present
in the liquid crystalline phases[1]. Smectic liquid crys-
talline phases possess translational order in addition to
orientational order exhibited by nematic phases. In the
present work, translational order parameter have been
computed in the smectic phases of the following two liq-
uid crystalline compounds using X-ray intensity data: i)
p-cyanobenzylidene p-nonyloxyaniline (CN.9) and ii) p-
decyloxybenzylidene p-butylaniline (10O.4) The compu-
tations have been carried out employing theoretical model
proposed by Kapernaum and Giesselmann[2].

The temperature variation of the translational order
parameter (Σ) in smectic phases of these compounds are
discussed in terms of the basic understanding of smectic
phases.
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Zink Oxide nanoparticles were synthesized by chemi-
cal precipitation method and characterized by X-ray
diffraction (XRD) and Transmission electron microscopy
(TEM). Their particle size has been found 13 nm.
Polystyrene (PS)-ZnO nanocomposite films were pre-
pared by solution cast method with varied content of
ZnO nanoparticles powder. Structural behaviour of
nanocomposites was investigated by XRD and Fourier
transform infrared spectroscopy (FTIR). Morphological
behaviour of the composites were examined by optical
microscopy as well as Scanning electron microscopy
(SEM).
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A systematic investigation of structural and dielectric
properties of GdMn0.9Cr0.1O3 prevoskite has been under-
taken that prepared by conventional solid state reaction
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method. The X-ray diffraction studies shows that re-
ported sample crystallized with orthorhombic symmetry
with space group Pbnm without any secondary phase.
Upon Cr doping on the Mn site the lattice parameters
and unit cell volume were reduced due to slight difference
between the ionic radii of Cr3+ and Mn3+ compare with
Pure GdMnO3 (according to JCPDS: 25-0337). The
dielectric constant and tangent loss of reported sample
shows strong dispersion in various frequencies are found
to be decreasing with an increasing frequency. These
results could be attributed to the relaxation behavior of
the materials.
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The most cost effective flat plate solar collectors suffer
from low efficiency due to surface based solar absorption
and indirect transfer of heat from absorption surface to
basic working fluid flowing in tubes. To increase the
efficiency, direct absorption solar collectors using base
fluid mixed with stable suspension of nanoparticles called
nanofluid as heat transfer media flowing as a thin film
over the plate under gravity have been proposed. Direct
absorption of solar radiation and mixing of nanoparticles
in the base liquid improves the optical and thermo
physical properties of the liquids, resulting to an increase
in the efficiency of direct absorption solar collectors.
In the present work the effect of Al2O3-H2O nanofluid,
as heat transfer fluid, flowing as a thin film, on the
efficiency of a direct absorption flat-plate solar collector
was investigated experimentally. The volume fraction of
Al2O3 nanoparticles was 0.001%, 0.005%, 0.0% and 0.02%
and the particles dimension was 20 nm. The ASHRAE
standard was used to calculate the instantaneous effi-
ciency. The results show that, in comparison with water
as direct solar absorption medium using nanofluid as
working fluid increases the efficiency. For 0.001 vol% the
increased efficiency was 12.8%. Results also show that
by increasing the volume fraction from 0.001% to 0.01%,
there is a continuous increase in the efficiency and beyond
that increase in volume fraction values, the solar col-
lector efficiency gets a reverse trend and becomes constant.
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Expanded polystyrene (EPS) wastes require large landfill
volume and high transportation cost because of its low
density, making it uneconomical for recycle[1]. We pro-
pose a simple and cost effective strategy for the conversion
of EPS waste into polystyrene (PS) and multi-functional
nanoparticles through nanoprecipitation technique. In
the present study, waste EPS was used for the synthesis
of PS nanoparticles through nanoprecipitation, in which a
solution of EPS in tetrahydrofuran (solvent) was added to
water (nonsolvent)[2]. The effect of EPS concentration,
and speed of stirring on the size of precipitated PS
nanoparticles has been investigated. The solvent type
used for the dissolution of EPS was found to influence
the morphology of the precipitated PS nanoparticles.
The imaging of the precipitated PS nanoparticles was
done by scanning electron microscopy (SEM). The size
and thermo-physical properties of resulting particles were
characterised using dynamic light scattering (DLS), SEM,
densitometry, differential scanning calorimetry (DSC)
and thermogravimetry (TGA).
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The dynamics of artificial swimmer in a viscous fluid has
recently received considerable attention in the physics
community. The experimentalists have been able to
extract a thin triangular film of the heart cell of mice to
make an artificial swimmer. As the heart muscles have
the intrinsic property of contraction and extension, these
artificial swimmers uses this intrinsic beat mechanism
for swimming. To mimic such an artificial swimmer,
we introduce a flexible triangular sheet in fluid. The
triangular sheet is modeled using bead spring model.
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The surrounding fluid is simulated using multi - particle
collision dynamics. We will explain how we couple the
flexible sheet to the viscous fluid. In this work we will
show the effect of finite size effect of the system. We will
also show the passive swimmer will undergo Brownian
dynamics. The diffusion coefficient of such passive
artificial swimmer is calculated and we observe that it
is inversely proportional to the length of the sheet as
expected.
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Particles having one of their dimensions in the range of
1-100 nm have unique physical and chemical properties
that are not exhibited in their bulk state. These particles,
collectively known as nanomaterials, of different shapes
(nanowires, nanorods, nanobelts and nanotubes) are used
for variety of applications[1]. For efficient application of
gold nanorods, the aspect ratio and thickness are the main
parameters that should be tightly controlled.

Although there are several synthetic routes to produce
gold nanorods, seed mediated growth is often preferred
because of great control in synthesizing rods of aspect ra-
tio in the range of 1 to 100[2]. In this method, growth
process is accomplished by the catalytic action of seed.
Cetyltrimethyl ammonium bromide or Sodium Citrate sta-
bilized gold Seed particles (< 4nm) synthesized by sodi-
umborohydride reduction of HAuCl4 .Growth of nanorod
required reduction of gold salt by a weak reducing agent
and the presence of a cationic surfactant as a shape di-
recting agent. Silver Nitrate can be used as an additive
for controlling aspect ratio of nanorods. Each step and
species involved in this synthesis have their own role in
attaining the growth as a rod. It was so interesting to
mathematically model this synthesis processes.

In this work, we have proposed a mathematical model
for the formation of Gold nanorod synthesis in suspension
starting from their synthesis conditions. The developed
model predicts dependence of aspect ratio of (length to
diameter ratio) gold nanorods on experimental variables.
The model will also be used to address some of the key
roles played by additives and capping agents during the
synthesis.
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Biopolymers have been extensively used in the field of tis-
sue engineering as porous scaffold, drug delivery to tar-
geted site through microcapsules, food packaging in the
form of edible film etc. Chitosan (CS), a natural biopoly-
mer is one of the most versatile materials that finds appli-
cation in various fields due to its biodegradability, biocom-
patibility, non-toxicity etc. However, very low mechanical
properties of CS ( E ∼ 1.5GPa) limits its application
many a times[1]. The mechanical properties like Youngs
modulus (E), hardness (H) etc. of these biopolymers can
be improved primarily by two ways, i) by crosslinking of
the chains and ii) by reinforcing with nanoparticles. How-
ever, with a very high degree of crosslinking, the mate-
rial tends to acquire brittleness. Also, beyond a certain
percentage loading (wt %) of nanoparticles, a decrease in
magnitude of E and H are observed for nanocomposites[2].
Thus, it becomes extremely essential to optimize the de-
gree of crosslinking and percentage loading of nanoparti-
cles to obtain desired mechanical properties for a specific
application.

In this work, as a part of this optimization, an attempt
has been made to evaluate the mechanical properties of CS
film using crosslinking agent (8% w/w, corresponding to a
certain degree of crosslinking) as well as reinforcing (10%
w/w) with nanoparticles. It has already been observed
that 8% w/w of crosslinking and 10% w/w particle load-
ing, individually show enhancement in mechanical prop-
erties compared to pristine and uncrosslinked CS. For this
study, tripolyphosphate (TPP) is applied as a crosslinking
agent and nano hydroxyapatite (HAp) is used as reinforce-
ment particle. Besides comparing the mechanical proper-
ties, it is necessary to understand the mechanism leading
to such properties. The study of crystallinity change of
CS film due to both the process can give an insight into
the possible mechanisms involved in the enhancement of
mechanical properties.

The mechanical properties of modified CS film have
been studied by using depth sensing nanoindentation
technique. The load displacement curves obtained from
this technique. X-ray diffraction (XRD) and scanning
electron microscopy (SEM) has been performed to un-
derstand the mechanism behind mechanical properties
improvement. A detailed comparative study of mechani-
cal properties and mechanism will be performed for four
cases, a) CS, b) CS with nanoparticles, c) crosslinked CS
and d) crosslinked CS with nanoparticles.
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Polymers are receiving a great interest for the synthesis
of biomedical devices. But to use them in any biomedical
application they must be biocompatible. In this work
we have enhanced the bio-compatibility of polymers by
using TiO2 NPs and plasma irradiation. TiO2 NPs and
plasma irradiation increase the porosity of the polymer
material by etching which helps to increase the bacterial
Cell Colonization on membranes. Nanoparticles of TiO2

were synthesized by a chemical method and were used as
nanocomposites for polymer membranes. Solution casting
method was used for the preparation of nanocomposite
polymeric membranes having thickness of 20 micron
and these membranes were irradiated by Oxygen (O2)
plasma. The membranes so devised were characterized
by different techniques such as Optical Microscopy,
SEM- Scanning electron microscope and Atomic force
microscope. The plasma irradiation modies the surface
roughness of polymers thus changes the surface energy
and surface reactivity; that helps to enhance selective
bacterial growth on the surface of the nanocomposite
polymer membranes.
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A sandwiched structure with a metal layer embedded
between oxide layers was fabricated on glass substrate to
be used as transparent electrode in organic devices. The
two oxide layers of ZnO were dip coated with a thickness
of about 60 nm each and the metal inter layer was
sputter coated having a thickness of about 5 nm at room
temperature. The deposited films were annealed at 1000

C for 2 hrs to remove all additives. Such structures have
been found to be suitable for applications in organic solar

cell and OLED. The samples have been characterized
using XRD, TEM, SEM and EDAX. Optical properties
were measured by UV-VIS and Fluorescence spectroscopy.
The XRD result indicates the nearly amorphous structure
of the thin film. The size of the particles as given by
FESEM ranges from 30-50 nm and EDAX confirms the
presence of elements in the three layers. AFM shows
the roughness of about 2.40 nm. UV- VIS spectroscopy
showed a high transparency of over 87 % in the visible
region.
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Inorganic-polymer nanocomposites are of significant
interest due to their improved properties and unique
combination of properties. Titanium dioxide nanoparti-
cles were synthesized by chemical precipitation method
and characterized by X-ray diffraction (XRD) and
Transmission electron microscopy (TEM). Polystyrene
(PS)-TiO2 nanocomposite films were prepared by solution
casting method with varied content of TiO2 nanoparticles
powder. Structural behaviour of nanocomposites was
investigated by XRD and Fourier transform infrared
spectroscopy FTIR. Morphological behaviour of the
composites were examined by optical microscopy as well
as Scanning electron microscopy (SEM).

� ID-185

Fabrication of Topographic Meso Patterns with
Programmable Feature Height using a Single
Stamp

Nandini Bhandaru, Rabibrata Mukherjee∗

Instability and soft patterning laboratory, Department of

Chemical Engineering, Indian Institute of Technology Kharag-

pur721302, INDIA

*Email: rabibrata@che.iitkgp.ernet.in

New Soft Lithography based Nano-Patterning Techniques
are proposed with this work with key focus on the ability
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to create patterns of any feature height using a simple
stamp, at extremely low cost. In majority of the Soft
Lithographic techniques, for every new design of patterns,
a new original stamp or mold has to be fabricated by some
other lithography methods such as Photolithography or
Electron Beam Lithography. The state of art now is to
develop methods that are capable of producing structures
which are not mere negative replicas of the original stamp.
The physics that governs the creation of structures with
feature height lower than that of the stamp and higher
than that of the stamp is different and this has led to
development of two different methods.

While we have developed “Elastic Recovery Lithog-
raphy”(ERL) that is capable of creating patterns that
has feature height lower than that of the original stamp,
another method termed as “Elastic Detachment Lithog-
raphy” (EDL) is capable of generating higher aspect ratio
and taller structures from a stamp with lower feature
height. The first method combines the widely known
physics of stress relaxation in a soft visco-elastic polymer
film with the essential concepts of Soft Lithography
and the second method is based on contact instability
observed in thin elastic films. A combination of the two
gives scientists the power to create patterns with any
programmable feature height using a single stamp.
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The discovery of graphene, carbons two-dimensional al-
lotrope, stimulated groundbreaking research in the science
of nanomaterials. The unique properties of graphene and
its wide and versatile applications, have inspired forays
into other two dimensional materials[1]. Boron, carbons
first row neighbor in the periodic table, is possibly the
second element that can possess multiple low dimensional
allotropes. The successful synthesis of single walled and
multi walled boron nanotubes has motivated rising inter-
ests in seeking new nanostructures of boron[2].

We have recently been able to successfully exfoliate
nanostructures comprising boron honeycomb lattice from
layered materials which were hitherto little explored in
two-dimensional nanomaterial research. In this talk we
present a chemical exfoliation method that yields a col-
loidal dispersion of nanosheets comprising boron honey-

comb lattice. This method combines ultrasonication and
chelation to facilitate a functionalization assisted layer-by-
layer exfoliation in a parent layered material.

This talk will present the details of the exfoliation
methodology and the fundamental physico-chemical prop-
erties of the as synthesized boron-based nanosheets. The
morphological details (as obtained from FESEM, TEM
and AFM), optical properties, surface charge and chemi-
cal analysis (by FTIR) will be presented.

This research pursuit holds great promise as it aims to
pave the way for unveiling an exciting, yet unexplored
family of boron based nanostructures that are expected
to possess remarkable properties by facilitating an access
to the atomic form of boron.
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The thermal conductivity of water suspended with spher-
ical nano-particles (nano fluid) at a given temperature
and in the presence of external electromagnetic field is
computed. The volume fraction of nano-particles in water
can be a variable parameter. We set up an interacting
quantum many-body Hamiltonian and obtain the ground-
state wave function and ground-state energy .Under
certain suitable approximation ,using this ground-state
wave function, some properties of the nano fluid like
thermal conductivity, both in the presence and absence
of external electromagnetic field, were calculated.
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We present a novel simulation technique derived from
Brownian cluster dynamics used so far to study the
isotropic colloidal aggregation. It now implements the
classical Kern-Frenkel potential to describe patchy inter-
actions between particles. This technique gives access to
static properties, dynamics and kinetics of the system,
even far from the equilibrium. Particle thermal motions
are modeled using billions of independent small random
translations and rotations, constrained by the excluded
volume and the connectivity. This algorithm, applied to
a single polymer chain leads to correct static and dy-
namic properties, in the framework where hydrodynamic
interactions are ignored. By varying patch angles, various
local chain flexibilities can be obtained. We have used
this new algorithm to model step-growth polymerization
under various solvent qualities. The polymerization re-
action is modeled by an irreversible aggregation between
patches while an isotropic finite squarewell potential is
superimposed to mimic the solvent quality. In bad solvent
conditions, a competition between a phase separation
(due to the isotropic interaction) and polymerization (due
to patches) occurs. Surprisingly, an arrested network
with a very peculiar structure appears. It is made of
strands and nodes. Strands gather few stretched chains
that dip into entangled globular nodes. These nodes act
as reticulation points between the strands. The system
is kinetically driven and we observe a trapped arrested
structure. That demonstrates one of the strengths of this
new simulation technique. It can give valuable insights
about mechanisms that could be involved in the formation
of stranded gels.
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Active bodies in viscous fluids interact hydrodynamically
through self-generated flows. Here we study sponta-
neous aggregation induced by hydrodynamic flow in
a suspension of stiff, apolar, active filaments. Lateral
hydrodynamic attractions in extensile filaments lead,
independent of volume fraction, to anisotropic aggre-
gates which translate and rotate ballistically. Lateral
hydrodynamic repulsion in contractile filaments lead,
with increasing volume fractions, to asters, clusters, and
incipient gels where, in each case, filament motion is
diffusive. Our results demonstrate that the interplay
of active hydrodynamic flows and anisotropic excluded

volume interactions provides a generic nonequilibrium
mechanism for hierarchical self-assembly of active soft
matter.
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We present a controlled method for obtaining hexagonal
close packed (HCP) ordered monolayer and multilayer of
silica and polystyrene colloidal particles on flat substrates
as well as non-HCP ordered structures using isotropic and
anisotropic topographically pattered substrates. Self orga-
nization of colloidal particles has many applications, par-
ticularly in fabrication of solar cells with advanced light
management strategies. In nanosphere lithography, self-
organized layer of colloidal spheres is used as a mask in the
lithographic step of illumination, deposition, or etching.
We have created two dimensional (2-D) colloidal crystals
with monodispersed polystyrene (PS) and silica colloidal
particles by simple spin coating technique. Appropriate
amounts of surfactant molecules are added to the colloidal
dispersion ahead of spin coating to ensure the formation of
the HCP patterns. Parameters like coating speed, dilution
of the colloids, amount of surfactant added and volume
dispensed provide a control over the formation of HCP as
well as the number of layers deposited.

Apart from obtaining HCP structures, we have also
been working on obtaining ordered colloidal particle
arrays with different geometric arrangements. For this
purpose, we spin coat the particles onto a topographically
patterned substrates, which are fabricated inhouse by
soft lithography based techniques. The colloidal particles
when spin coated on the patterned substrates, orient as
per the confinement and we obtain particle array with
non-HCP ordering. We have also attempted to transfer
the particle array (both HCP and Non HCP structures)
once they are formed onto a flat template. A flexible
elastomeric substrate of Sylgard 184 is used in this regard,
which after fabrication of the colloidal array is detached
from the rigid substrate (while the particle array is still
in place) and is then brought in conformal contact with
the substrate to which the array is to be transferred. To
facilitate the transfer without distorting the arrangmenet
of the particles, the flexible stamp is swelled by expsoing
to solvent vapor to reduce the adhesion between the
particles and the template. Under this condition, the par-
ticles detach themselves from the template and adhere to
the target substrate. This allows the colloidal structures
to be transported across substrates irrespective of their
surface energy, wettability or morphology.
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Solid stabilized emulsions commonly known as Pickering
emulsions are of great scientific interest because of their
wide industrial applicability.1 The growing interest in such
emulsions is because of their importance is pharmaceuti-
cal, food, cosmetic, agricultural and paint industries. The
emulsification using colloidal particles can be fine-tuned
by external factors such as temperature, pH, electric field,
magnetic field etc.

In the present work, we investigate the role of surface
charge of shape anisotropic particles on the stabilization
of emulsions. Hematite particles of peanut and sphe-
rocylindrical shapes were synthesized following gel-sol
method.2 The charge on the particles was systematically
varying by changing the pH of the suspension from 1
to 12. The surface charge on the particles at different
pH was estimated using zeta potential measurements.
Decane and aqueous dispersions of different pH were used
to prepare the emulsions. A strong dependence of pH on
emulsion stability was observed. The characterisation of
the oil droplets was done by optical microscopy, scanning
electron microscopy (SEM) and environmental - SEM.
Depending on the pH of the continuous phase, droplets
with different sizes and surface coverage were formed. We
present a mechanism to understand the stabilisation of
emulsions using interaction potential calculations.

References:
1. R. Aveyard.; B. P. Binks; J. H. Clint; Emulsions stabilized

solely by colloidal particles. Adv. Colloid Interface Sci. 2003,
100, 503-546.

2. T.Sugimoto; K.Sakata; Preparation of monodisperse pseu-
docubic -Fe2O3 particles from condensed ferric hydroxide gel.
J. Colloid Interface Sci. 1992,152, 587-590.

� ID-194

A Novel Method of Synthesis of Patchy Particles

S Manigandan∗, S. Raman,Madivala G. Basavaraj,
Ethayaraja Mani
1Polymer Engineering and Colloid Science Lab Department of

Chemical Engineering, Indian Institute of Technology Madras,

Chennai 600036, INDIA

*Email: smanigandan0110@gmail.com

Structured colloids with regions of differing chemical com-
position can interact via attractive or repulsive interac-
tions that depend not only on the distance of their sepa-
ration, but also on orientation[1]. These functionally engi-
neered particles also called“patch”particles are promising

candidates for drug delivery, controlled loading of cata-
lyst, pickering emulsion stabilization, and optical appli-
cations. We present here a new method of synthesis of
single and multi-patch particles. Thus far, patchy parti-
cles are produced by particle lithography[2], masking and
glancing angle deposition technique[3]. Most of the tech-
niques available to date consist of three steps 1) particle
positioning, 2) functionalization, 3) template removal. We
demonstrate for the first time a simple route for the fab-
rication of particles with single to multiple patches.

Monodisperse silica microspheres of 4 µm are spread
over poly methyl methacrylate (PMMA) solution (in
toluene) air interface. Upon transferring the particles
at liquid/air interface onto glass substrate, hexagonally
arranged monolayer of particles connected with polymer
bridges is observed. Further, we show that polymer bridge
formation can be controlled by concentration of polymer
solution and number density of silica particles. This con-
nected bridges form polymer patches when the dip coated
substrate is sonicated to separate particles from the sub-
strate. Interestingly, dip coating of particles spread at the
polymer solution creates deposition of two layers an initial
polymer layer followed by particle monolayer. The scan-
ning electron microscope analysis reveals that the particle
monolayer is trapped in polymer film in an orderly manner
and this trapped polymer form patch at the bottom part
of every particles. In this way, we can achieve maximum
of seven such patches on the particles surface. It is also
interesting to note that, one can make single patch alone
by increasing the particle number density.

The interactions of these particles and their self-
assembly in various electrolyte strength have been
studied.
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Atomically ordered Cu-Pd alloys have received consider-
able attention due to their promising use as catalysts in
many technologically important areas including petroleum
refining and automotive emission control, as well as mem-
brane for hydrogen production and purification. These
binary metallic systems are characterized by formation of
superstructures and development of long-range order in
the arrangement of atoms.

The Cu-Pd alloy, for Pd concentration greater than 50
at% has a distorted FCC structure, while for Pd less than
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18 at%, has a L12 type structure. The structural, elec-
tric, thermal and magnetic properties have been investi-
gated to some extent, however the transport, optical and
vibrational properties have not been investigated. The
electronic structure of Cu3Pd and CuPd3 which are the
ordered alloys of the Cu-Pd system, are investigated by
the FP-LAPW and PAW methods based on the density
functional theory[1,2].

From the calculated energy bands and Fermi surfaces,
it is observed that with increasing Pd content, the Fermi
surface (FS) of Cu is pulled away from the BZ boundaries
which reduces the area of contact between the FS and BZ
boundaries, thereby giving rise to increase in density of
states at EF. This is in agreement with the theory given
by J.C. Slater and J.F. Nicholas. This is verified not only
from our calculated DOS, but also from the specific heat
calculations.

The temperature dependence of the electrical resistivity
and Seebeck coefficient of Cu3Pd are in good agreement
with experimental measurements. It is observed that
with increased Pd content there is increase in resistivity,
which clearly indicates increase in total scattering of
conduction electrons in CuPd3. Similarly, the change
in the band structure with increased Pd content brings
about a change in the thermopower from −ve to +ve
values. Thus, the thermodynamic properties of these
alloys can be completely understood in terms of the band
structures and density of states.
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Understanding the effect of electrostatic interactions in
shaping interfaces is of fundamental importance in the
area of biophysics and soft matter. Soft materials, such
as polymers, colloids and membranes can acquire surface
charges when dissolved in a polar solvent such as water,
due to the dissociation of surface chemical groups. In such
systems electrostatic interactions play a decisive role in de-
termining the morphological behavior of the material, with
entropy of the mobile ions contributing significantly. Com-
peting interactions between the charged surface and the
mobile counterions and coions can lead to condensation
of counterions on the surface. In more complex systems,
the condensed counter ion itself can induce morphological
changes of the surface.

Here we study the counter ion condensation effect on
charged deformable fluid interfaces using Dynamically
Triangulated Monte-Carlo techniques. In the weak
electrostatic coupling regime, surface charges are weakly
screened and the conformation of the surface depend on
charge-charge interaction on its surface. While in the
strong coupling regime counter ion condensation and
interaction of CI with the surface can alter the shape
of the surface. We investigate the conformation of such
a surface, with spherical topology, when the association
of counter ion induces a spontaneous curvature on the
surface. We show that condensation driven curvature
induction plays a dominant role in determining the
conformation of these surfaces. Condensation rate it- self
is observed to be dependent on the induced curvature,
with larger curvature favoring increased condensation.
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A theory for evaluating the temperature variation of sec-
ond third and fourth order elastic constants for face cen-
tred cubic crystal structure solids is developed on the ba-
sis of Coulomb and Born-Mayer potential using nearest-
neighbour distance and hardness parameter. The theory
thus obtained is first applied to get the higher order elas-
tic constants for TiC and TiN crystals at different tem-
peratures. Also the elastic constants accordingly obtained
are used to evaluate the first order pressure derivatives of
second and third order elastic constants and second or-
der pressure derivatives of second order elastic constants.
An investigation of the higher-order elastic constants and
their pressure derivatives provides useful information on
the inter-atomic forces, inter-ionic potentials and anhar-
monic properties of crystalline solids. Several physical
properties and crystal anharmonicities such as thermal ex-
pansion, specific heat at higher temperature, temperature
variation of ultrasonic velocity and attenuation, Gruneisen
numbers and temperature derivatives of second order elas-
tic constants are directly related to second and third order
elastic constants. The graphical representations of results
obtained have also been given to understand the effect of
temperature on higher order elastic constants and their
pressure derivatives.

In addition to elastic properties we have reported
electronic properties of these titanium based compounds
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using spin polarised relativistic KorringaKohnRostoker
(SPR-KKR) method based on Green Function theory.
Energy bands are interpreted in term of density of states.
A crossover in energy bands predicts that TiC and TiN
are metallic in nature which is in tune with available data.

References:
1. R. Joshi, A. Dashora, KC Bhamu, BL Ahuja. High energy

Compton scattering study of TiC and TiN. Applied Radiation
and Isotopes 2011, 69:756

� ID-198

Study of Dielectric Properties of Nanocrystalline
Cobalt Ferrite upto Microwave Frequencies

Jyoti1∗, Jyoti Parashar1, V. K. Saxena1, S. N. Dolia1, D.
Bhatnagar1, K. B. Sharma2
1Department of Physics, University of Rajasthan, Jaipur

302004, INDIA
2Department of Physics, S. S. Jain Subodh P. G. College,

Jaipur, INDIA

*Email: jyotijoshi.phy2008@gmail.com

The dielectric properties of the Cobalt ferrite, prepared
by sol-gel auto combustion technique, were studied from
radio to microwave frequencies. The single phase cubic
spinel structure has been confirmed by using X-ray
diffraction. Surface morphology of the sample was
obtained by scanning electron microscope (SEM). The
parameters like dielectric constant, dielectric loss tangent
and a.c. conductivity of the sample were studied in the
low frequency range from 20 to 120 MHz as well as in
the high frequency range from 2.60 GHz to 5.95 GHz at
room temperature. There is a sudden rise in the dielec-
tric loss tangent at 4.53 GHz frequency. A qualitative
explanation is given for the frequency dependence of
the dielectric constant and dielectric loss. The dielectric
dispersion observed at lower frequency region is due to
Maxwell-Wagner two layer model, which is in agreement
with Koops phenomenological theory. There is a strong
co-relation between the conduction mechanism and the
dielectric behaviour of ferrites.
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Clathrin mediated endocytosis is the most widely used
means of vesicular trafficking and membrane bending
is the first step involved, believed to be facilitated by
clathrin polymerization. The polymerization of clathrin
is thought to force the membrane to adopt the shape of
the clathrin coat by scaffolding mechanism. However the
variety of clathrin lattice shapes found in vivo has chal-
lenged this model. The mechanism of membrane bending
by clathrin is still highly debated[1-3]. Addressing this
question, in this study, we have reconstituted clathrin
budding in vitro with giant unilamellar vesicles (GUVs),
purified adaptors and clathrin. By changing the osmotic
conditions, we found that clathrin coats caused extensive
budding of GUVs under low membrane tension, while
polymerizing as a flat lattice under moderate tension.
High tension and bending rigidity of the membrane fully
inhibited polymerization. We hypothesize that membrane
tension could oppose polymerization energy of clathrin.
Using theoretical modeling, we predict that a transition
between different shapes of clathrin coats depends on
membrane tension and clathrin polymerization energy.
We then experimentally validated the theoretical model
by estimating the transition values by measuring the
polymerization energy of clathrin for the first time. The
measured membrane tension and clathrin polymerization
energy were found to be of the same order as in vivo
tension regimes, suggesting a physiologically critical
control of the shape of clathrin mediated budding by
membrane elasticity.
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Chemotaxis and Brownian Motion belong to the the key
processes governing the motility of cells and unicellular
microorganisms (e.g., bacteria, amoeba and endothelial
cells). Self-organization of cells at the collective level un-
der a chemical cue rely on the individual dynamics of
chemotactic cells which in turn depends on their abil-
ity to probe the chemical concentration field efficiently[1].
Prokaryotes, like most bacteria, being too small to directly
sense chemical differences across their body length, chiefly
chemotax by temporal comparisons of chemical concentra-
tion in a run-and-tumble motion[2]. By contrast, eukary-
otes, like amoeba, yeast cells, white blood cells and glial
cells, respond to food and toxins by direct spatial sens-
ing of the local gradient. While biological and physical
parameters like coupling strength to chemicals, cell motil-
ity, secretion rate and diffusion constant of chemicals are
crucial to answer important biological questions like out-
come of a chemotactic hunt[3], the details of the nature of
the motion induced in taxis is crucial to understand indi-
vidual response itself and classify cells according to their
non-trivial dynamics[4].

Eukaryotic cell motility is based on the ability of cells to
polarize their cytoskeleton, forming biased traction forces
that move the cells forward along the direction of polar-
ization. In the presence of a chemotactic signal, the cy-
toskeleton activity tends to polarize along the direction
of larger chemical concentration, leading to chemotactic
motion up the gradient. Taking into account the inter-
nal dynamics of cytoskeleton polarization coupled to cell
motility, to describe the effects of the external chemotactic
signal, we study the dynamics of chemotactic eukaryotic
cells under an external chemical cue and compare to ex-
periments. By comparing the model calculations with the
experimental data, we find clear evidence that the chem-
ical signal applies an effective torque on the cell polariza-
tion, reorienting it towards the chemical gradient[4].

Our results are important in understanding the novel
and non-trivial dynamics actually shown by typical
crawling eukaryotes probing chemical signals. While in
the simplest approach a cell “smells”a chemical and moves
along the gradient of the concentration field in order to
reach the secretion source of the chemoattractant, our
study suggest that in addition to such a tail-to-head
directed motion, the chemical induces an effective torque
that further enhance chemotactic efficiency by reorienta-
tion of the polarization axis and diminishing dispersion.
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Instability related morphological structure is formed on
ultrathin polymer blend film. Such a kind of structures
depend on various properties of polymers, substrates as
well as some external influences during film preparation.
The morphology with compositional variation based on
the surface energy has been studied here. Possible ap-
plication of the blends as a reconfigurable low cost mask
for fabrication of metallic nano structures necessary for
making plasmonic solar cells are proposed.

Phase segregated morphology of thin films of blend
consisting of PS/PMMA of different compositions cast
on flat substrates of different surface energies have
been studied. The Morphology has been characterized
using Atomic Force Microscopy Techniques. Application
of selective solvent washing technique identifies the
blend component forming the continuous or dispersive
phases. A further AFM imaging confirms the results.
The variation of preferential surface enrichment by the
blend-components with variation of compositional ratio
on various substrate surface energy have been studied.
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Carbon nano dots (CNDs) are highly luminescent car-
bonaceous nanostructures with average size of 4-6 nm.
In current study, carbon dots were synthesized from
Whey protein via microwave irradiation at pH 12. The
material is characterized by UV-Vis Spectro-photometry,
Fluorescence Spectroscopy, XRD, FTIR, TEM and Zeta
potential measurements. The material was observed
to have significant photoluminescence property. On
excitation at 410 nm, a band emission with peak at 525
nm was observed. The average size of the CNDs were 5-8
nm. The CNDs synthesized were highly functionalized
with surface active amine and hydroxyl groups. After
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exposure to cultured cellular monolayer, the CNDs were
observed to have entered in to cells cytoplasm. But, the
entries towards nucleii were observed to be significantly
less. Up to 6 hours exposure in white light, the samples
were seen to be unbleached. The CNDs were observed
to be cyto-compatible and non-haemolytic. From NBT
and DCFH assay, it was observed that the CNDs could
be utilized in reducing cellular oxidative stress and
superoxide activity. Therefore, this nanoprobe could be
useful for live cell imaging, cellular tracking and reduction
of cellular super oxide activity for longer duration without
significant photo-bleaching.
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Polymer membrane and composite polymer for membrane
electrode assembly (MEAs) are synthesized and studied
for usage in direct methanol fuel cell (DMFC). In this
study, we prepared 3 type of MEAs, polystyrene (PS),
polystyrene sulfonated (PSS) and composite polymer
PSS-alginat membrane via catalyst hot pressed method.
The performance and properties of prepared MEAs were
evaluated and analyzed by impedance spectrometry
and scanning electron microscopy (SEM). The result
showed that, water up take of MEA composite polymer
PSS-alginate was obtained 13.38% and its higher than
that PS and PSS. The conductivity of PSS-alginate
( 0.1423 mS/cm) was also higher than that PS and
PSS. SEM characterization revealed that the intimate
contact between the carbon catalyst layers (CL) and
the membranes, and the uniformly porous structure
correlate positively with the MEAs prepared by hot
pressed method, exhibiting high performances for DMFC.
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Wave velocity is a key parameter in ultrasonic characteri-
zation and can provide information about crystallographic
texture. The Grneisen parameter is of considerable im-
portance to Earths scientists, because it sets limitations
on the thermoelastic properties of lower mantle. The
temperature dependence of the ultrasonic parameters like
ultrasonic velocities and Grneisen parameters in XO (X:
Cd, Co and Fe) have been studied for longitudinal and
shear waves along < 100 >,< 110 > and < 111 > crys-
tallographic directions in the temperature range 100 K -
500 K. The second and third order elastic constants have
also been evaluated for these crystals using Coulomb and
Born-Mayer potentials. Obtained results are compared
with available results of same type of materials.
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Tri-layer structure of ZnO/Au-Pt/ZnO has been coated
on the glass (soda lime) substrate using spin and sputter
coater to develop Indium free transparent conducting
oxide for its application in display technology. Optimum
thickness of the metal layer is approximately 5 nm while
the covering oxide layer on both sides is about 70 nm each.
The sample was annealed at 500 K to make it suitable
for Liquid crystal display and electro-chromic device
applications. The spectroscopy analysis in UV-VIS region
gave more than 87% transmittance. Scanning electron
microscopy was used to get the surface morphology and
particle size. EDAX was used to confirm the chemical
composition of the sample. The surface roughness comes
to about 9.03 nm as calculated through AFM.

References:

1. T. Dimopoulos a, G.Z. Radnoczi b, Z.E. Horvth b, H. Brckl a.
Increased thermal stability of Al-doped ZnO-based transparent
conducting electrodes employing ultra-thin Au and Cu layers.
Thin Solid Films 520 (2012) 52225226.

2. Huiyong Liu, V. Avrutin, N. Izyumskaya, . zgr, H. Morko.
Transparent conducting oxides for electrode applications in
light emitting and absorbing devices. Superlattices and Mi-
crostructures 48 (2010) 458484.

40



International Conference on Soft Materials (ICSM 2014) MNIT Jaipur

3. C. Guilln , J. Herrero. TCO/metal/TCO structures for energy
and exible electronics. Thin Solid Films 520 (2011).

� ID-210

Structural and Switching Properties in Polymer
Dispersed Ferroelectric Liquid Crystal Composites

Divya Jayoti, Praveen Malik∗

Department of Physics, Dr B R Ambedkar National Institute

of Technology, Jalandhar Punjab, 144011, INDIA

*Email: pmalik100@yahoo.com

Polymer dispersed liquid crystals (PDLCs) composites
consist of dispersions of micron-sized liquid crystals (LCs)
droplets in polymer matrix[1-2]. These composite have
been extensively studied owing to their excellent electro-
optic (E-O) properties used in large area displays, switch-
able windows and flexible display applications[3-6]. In
PDLC films, initially LC droplets are randomly dis-
tributed in polymer matrix in the absence of electric field
(OFF-state) and sample appears opaque. However in pres-
ence of electric field (ON-state), LC director are aligned in
the director of field and sample becomes transparent. In
On State, the transparency of film is due to the matching
of refractive index of polymer and LC droplets[2].

In this work, PDLC films comprising ferroelectric
liquid crystal (FLC) and UV curable polymer in different
compositions have been synthesized and studied in thin
sample cell of thickness few micron meters. The behaviour
of LC droplets, size and shape and phase transition tem-
perature have been investigated. The effect of polymer
concentrations on textural and electro-optical parameters
(polarization, switching time, viscosity, rise time, fall
time, constrast) have been measured and discussed in
SmC∗ phase of FLC. The effect of nanomaterial doping
in PDLC will also be discussed.
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Blue phase liquid crystals (BPLC) have become techno-
logically important due to large number of applications
in displays and photonics. BPLCs has several advantages
like submillisecond response time, wide viewing angle and
absence of alignment layer. Blue phases usually exist in
a very narrow temperature range of the order of 1K at
the boundary of chiral nematic and an isotropic phase
of liquid crystal.[1,2] Three types of blue phases BPI
having body centered cubic structure, BPII having simple
cubic structure and BPIII which is nearly amorphous are
known. 3 In the present study BPLC, mono functional
monomer, bifunctional monomer and photo initiator were
mixed in weight ratio 93.5:3:3:0.5. The mixture was
cured at temperature 325.65K under UV light of intensity
3mW/cm2 for 1hour. Polarizing optical microscopy
and electro-optic studies of PS-BPLC were performed.
Polymer Stabilized Blue Phases over a temperature
range 14.8K have been realized having a Kerr constant
K = 1.23x10 − 9m/V 2 calculated from electric field
induced birefringence studies. Hysteresis effect measured
in the PS-BPLC is almost negligible.
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Hydrogen storage is one of the key challenge in develop-
ing hydrogen economy. Hydrogen can be stored as (i)
Pressurized gas (ii) Cryogenic liquid (iii) Solid fuel as
chemical or physical combination with materials, such as
metal hydrides, complex hydrides and carbon materials.
Solid state hydrogen storage systems are expected to be
simple for engineering design of vehicles and considerably
safer than the storage of elemental hydrogen. Storage by
adsorption on carbon materials have definite advantages
from the safety perspectives such that some form of
conversion or energy input is required to release the
hydrogen for use. The storage values are dependent on
many parameters of the carbon nanotubes, including their
structure, structure defects, pre-treatment, purification,
geometry (surface area, tube diameter and length),
and arrangement of tubes in bundles/or ropes, storage
pressure, temperature etc. In the present study an effort
has been made for the hydrogen adsorption on MWNTs
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and functionalized MWNTs at room temperature.
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Nanodielectric composites have been developed in recent
years attempting to improve the dielectric properties
such as dielectric constant, dielectric strength and voltage
endurance. Conventional dielectric material development
followed the paths of organic polymers, inorganic ceram-
ics and thin films separately, due to type of capacitors,
manufactured, polymeric film and multilayer ceramic
capacitors. Polymer dielectrics show very high dielectric
strength (> 300kv/mm), lower dielectric losses (< 0.01)
and adequate mechanical flexibility in processing which is
important in thin film capacitors. However they have low
relative dielectric permittivity or constant (< 4) and low
operating temperature (< 2000C) compared to ceramic
materials. Ceramic dielectrics tend to have very high
dielectric permittivity(> 100) but relative low dielectric
strength(< 50kv/mm) or may be piezoelectric associated
with the structure of ceramic. Nanodielectric composites
belong to a new type of materials, engineered for im-
proved specific functionality such as better performance
in electrical insulation. In the present study BaCO3 as
a filler has been dispersed in polycarbonate in various
concentration, Dielectric constant and loss has been
measured as a function of frequency. Figure shows vari-
ation in dielectric constant with frequency for BaCO3/PC.

� ID-218

Electro-Optic and Dielectric Studies in Magnetic
Nanoparticle Doped Ferroelectric Liquid Crystal
Mixtures for Soft Magneto-Electrics

Khushboo1∗, Praveen Malik2, Puneet Sharma1, K. K.
Raina1
1 Material Research Laboratory, School of Physics and Ma-

terial Science, Thapar University Patiala, Punjab, 147004,

INDIA
2Liquid crystal Research Laboratory, Department of Physics,

Dr B R Ambedkar National Institute of Technology, Jalandhar

Punjab, 144011, INDIA

*Email: khushurpuk@gmail.com

In this work, the effect of magnetic nanoparticles (Ni)
doping in ferroelectric liquid crystal (FLC) properties
have been studied in thin sample cell of thickness 5m.
The effect of Ni doping (< 1%) into FLC structure
and physical properties have been investigated. The

temperature and Ni concentration dependence on polar-
ization, switching time, viscosity, permittivity, relaxation
mode, dielectric strength and conductivity have been
investigated and discussed. Obtained data exhibits that
small amount of Ni doping has considerable impact
on FLC switching, optical and dielectric parameters.
The spontaneous polarization increasing the increasing
the applied voltage and decreases with increasing the
temperature. The results shall be discussed in conference.
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In recent years, nanomaterials have been found to be an
interesting filler for formation of polymer nanocomposites
because it improves the thermal, mechanical, electrical,
and optical properties of the pristine polymers[1]. Here
we report the polycrabazole (PCz) nanocomposite with
two different fillers (Multiwalled carbon nanotubes
(MWCNTs) organic modified nano clay).The synthesized
materials have been used for fabrication of Schottky
diode. The current densityvoltage (J−V) and capaci-
tancevoltage (C−V) characteristics of the Schottky diode
were studied and subsequently used for extracting the
electronic parameters of the device such as the ideality
factor, barrier height, reverse saturation current, built-in
potential, depletion width and doping concentration
etc. Excellent rectifying behavior is observed with an
ideality factor of 1.4 and 1.8 for PCz−MWCNT and
PCz−Clay Schottky diode, respectively.[2,3] We have also
studied photovoltaic characteristics of the device under
illumination of 650nm laser light. The morphology of
the nanocomposite is studied using scanning electron
microscopy and high resolution transmission electron
microscopy images, before fabrication of the diode.
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The thermal and mechanical properties of Liquid Crystal
Elastomers (LCEs) were characterized using various
techniques for understanding of their physical behavior.
The material used for investigation was synthesized by
us using Finklemann procedure, with proper crosslinking
density in nematic phase. The material is found to
have unique coupling between anisotropic order of liquid
crystal component and elasticity of polymer network.
The chemical structures were confirmed by Fourier
Transform Infrared (FTIR) Spectroscopy and Scanning
Electron Microscopy (SEM). Fabry Perot Scattering
Studies (FPSS), Thermo gravimetric Analysis (TGA)
and Data Thermal Analysis (DTA) were used to study
thermal properties. The mechanical properties were
studied using force sensor. Our investigation shows that
this synthesized Liquid Crystal Elastomer has ability of
spontaneous change as a function of temperature and
mechanical force, which shows it a unique class of soft
material.
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Adhesion of cells to their extracellular matrix (ECM)
plays important roles in various physiological processes
including proliferation, motility, death and differentiation.
The force balance between cells and their ECM, called as
tensional homeostasis whereby forces exerted through the

actomyosin cytoskeleton are balanced by focal adhesions
formed between the cell and the ECM, is thought to
be the key for these activities. Trypsin de-adhesion
assay serves as a simple biophysical tool for probing this
force balance. Upon treatment with enzyme trypsin,
adherent cells detach rapidly till they attain a rounded
morphology. Using this assay, it is shown that the cell
cortical stiffness increases in proportion to the increase in
substrate stiffness in fibroblast and some other cell types.
Combining experiments and computational modelling,
we study the role of various substrate properties in
regulating de-adhesion dynamics of adherent cells. The
contribution of substrate stiffness and bond breakage
rate in setting de-adhesion timescales is modelled by
considering the cell as a viscoelastic solid connected to an
elastic substrate through cell-matrix adhesions, and takes
into account the active contractile pre-stress. We show
that, consistent with experiments, a force-dependent
breakage of adhesions predicts faster de-adhesion on
stiffer substrates. In addition to illustrating the utility of
employing trypsin de-adhesion as a biophysical tool for
probing mechanoadaptation, our computational results
highlight the collective interplay of substrate properties
and bond breakage rate in setting de-adhesion timescales.
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Dielectric properties such as permittivity (Real part ε
′

and imaginary part ε
′′
) and dielectric loss factor tan δ are

reported for Cu substituted Ni−Zn ferrite having formula
Ni0.2Cu0.2Zn0.6Fe2O4 prepared by sol−gel auto combus-
tion method. The variation of real and imaginary parts of
dielectric constant, dielectric loss tan δ and A. C. conduc-
tivity with frequency are measured in the frequency range
1000 Hz to 120 MHz at room temperature. The real part
of dielectric constant ( ε

′
) decreases with the increase in

frequency where as the A. C. conductivity (σac) increases
with increase in frequency. The relation of tan δ with
frequency shows relaxation spectra. Dielectric constant
and dielectric loss as a function of temperature are stud-
ied at different temperatures ranging from 303 K to 623 K.
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The free standing Fe-doped ZnO nanowire bundle is
synthesized by employing a typical vapor phase transport
method in single step from Fe+Zn powder in O2+Ar flow.
Transmission Electron Microscopy (TEM) and Energy
Dispersive Spectroscopy (EDS) suggest the formation of
hexagonal wurtzite phase of ZnO with 7 wt% Fe in ZnO
with typical nanowire diameter in the range of 20 nm -
70 nm. These nanowire bundles are ultrasonicated and
processed into thin film using spin coating technique.
Both of the Fe- doped ZnO nanowire bundle and thin
films are tested for their NO2 and CH4 sensing properties.
The thin film specimen exhibited higher operating tem-
perature (3000C) and response time (45 sec) as compared
to nanowire bundle (1500C and 15 sec).
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The pure and nanocomposite (1:1) of Tin oxide and
Antimony oxide were synthesized employing solid-state
reaction method[1] using suitable salts in presence of
NaOH and NaCl for their NO2 sensing characteristics.
The effect of microwave sintering (8000C for 10 min) on
NO2 gas sensing behaviour is also compared in contrast
with conventional sintering (8000C for 4 hours). The sur-
face morphology and structure of oxide-nanocomposites
were investigated using scanning electron microscopy
(SEM) and X-ray diffraction (XRD). The NO2 gas sens-
ing results revealed higher sensitivity in conventionally
sintered specimens as compared to the microwave sintered
specimens.
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This research, have done synthesis of Cobalt doped
SnO2 nanoparticles by solid state reaction method using
SnCl4.6H2O, CoCl2.6H2O and NaOH. The samples have
been studied after annealing in air at temperature 6000C
for 4 hours and characterized by XRD, SEM, EDAX,
TEM, EDS and UV-VIS spectroscopy. The average
particle size of sample calculated from XRD data is
52.7nm. The grain size is observed to increase with Co
doping. TEM images have shown that for the sample with
10% impurity, the grain size is obtained in 7 to 23 nm
range with lattice parameter 0.13nm. Absorbance spectra
show that bandgap energy decreases with the Co doping.
The effect of Co doping on the optical, structural and
morphological properties of the samples are studied and
discussed comparative to pure SnO2. These properties
in Tin dioxide (SnO2) material can be utilized as gas
sensing materials.
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In this work, Polyaniline-MgO Nano composite was
synthesized. In which first MgO was synthesized by wet
chemical Reduction method and then by in situ chemical
oxidative polymerization of aniline at ambient condition,
Polyaniline-MgO Nano composite was synthesized. The
characterization studies of the product was done by Scan-
ning Electron Microscopy(SEM), Fourier Transform Infra
red spectroscopy (FTIR) and UV-Vis spectroscopy. SEM
image shows that the MgO nanoparticles were uniformly
spread throughout the polymer matrix of polyaniline and
confirm the formation of Polyaniline-MgO Nano com-
posite. The optical behavior of Polyaniline-MgO Nano
composite was investigated by UV-Vis Spectroscopy.
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Sol-gel derived nanodimensional powders of zirconium sil-
icates were prepared at room temperature by hydrolysis
followed by polycondensation using Zirconium propoxide
and TEOS as starting precursors.

As-prepared samples were annealed at 650, 875 and
11000C for 4 h. Structural parameters of annealed pow-
dered samples were determined by X-ray diffraction. The
crystallite size was calculated using Debye-Scherrer for-
mula as well as Williamson-Hall relation and then com-
pared. Other structural parameters such as lattice con-
stants, micro-strain, dislocation density etc. were also es-
timated from W-H plot.

The FTIR spectra elucidate the bonding pattern of
the constituent atoms and groups such as Zr, Si, O and
OH which throw light on the expected structure. The
thermal analysis suggested that the decomposition of
intermediate compounds occurred in different stages; and
hydroxyl groups as well as residual organic impurities

were removed successively and hence the prepared glasses
became more and more dense.
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In the present work, synthesis of zero valent Iron
nanoparticles was done using biopolymer agarose and
was compared with ZVI nanoparticles synthesized by
wet chemical reduction method. These resulting ZVI
nanoparticles were characterized by Scanning Electron
Microscopy, UV-Vis Spectroscopy and Photo Lumi-
nescence. The SEM images show evenly distributed
almost spherical shaped Nps, the energy band gap of
the nanoparticles synthesized by both methods were
studied by UV-Vis spectra and the PL spectra provides
the information about the population of energy states
involved in transition. Antibacterial activity on Serratia
marcescens (pathogenic bacteria) were also investigated
for these NPs by disc diffusion method. The ZVI ex-
hibited stronger antibacterial activity as the inhibition
shown to the growth of bacteria by these nanoparticles.
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In spite of astounding fabrication techniques and bioreac-
tor based expansion procedures, musculoskeletal scaffold
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based bone regeneration strategy is limited due to inferior
macro-structural properties and inadequate mass trans-
port. Where cells failed to migrate inside the scaffolds
due to poor oxygen and nutrient supply in the body dur-
ing clinical transplantation. To address such challenges
combination of natural origin biomaterials in combina-
torial fabrication approach has been used to develop os-
teointegrative scaffolds. In this study, we propose to de-
velop a bioactive anisotropic scaffold by designing aligned
nanofiber sheet through electrospinning of functionalized
biopolymers (FBP) and subsequent multi-scalar 3D scaf-
fold formation via micro-fabrication strategy with help of
calcium phosphate (CP).

Natural origin resorbable FBP fabricated into aligned
nanofibers sheet via electrospinning. Towards mimicking
the natural bone hierarchy, CP randomly infiltrated in be-
tween the FBP nanofibrous sheet through fused deposition
technique. This infiltrated CP act as spacer provide me-
chanical strength and osteoinduction property. The spacer
concentration and composition depends of type of bone
implant. The gap between to nanofibrous sheet and thick-
ness of layer associated to physico-mechanical strength of
targeted tissue.

Natural sources were successfully used for synthe-
sis of multiphasic highly interconnected multi-scalar
porous, aligned nanofibrous FBP scaffold. Highly porous
interconnected nano-micro architecture provide high me-
chanical support and interphase for bone tissue growth.
Intermingled and integument CP enhance cell attachment
and act as nucleation site during osteogenesis. Not
only combination of two different phases, but also their
organization can also be varied with analogues to the
bone in terms of nano-micro organization and mechanical
properties. Preliminary cytotoxicity assay, hemocompati-
bility assay shown promising results. Mesenchymal stem
cells survival percentage, growth rates and differentiation
has been found enhanced with scaffolds. During ectopic
site implantation, hybrid composite scaffold displayed
increased RNA expression of collagen I and osteocalcin.
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Cadmium sulfide nanoparticles and its dopants were
widely studied for their antibacterial property. Copper
doped star shaped nanoparticles were synthesized by
wet chemical method at low temperature. The shape
and size were detected by the SEM characterization.
The doping was confirmed by the band shift in graph
of UV-Vis spectrophotometery. A comparative study
of antibacterial effect among Cadmium sulfide, copper
doped cadmium sulfide and star shaped copper doped
cadmium sulfide was performed on Serratia marcescens.
Star shaped copper doped showed higher antibacterial
effect while Cadmium sulfide and Copper doped CdS had
given almost same antibacterial effect. The antibacterial
effect was also studied on ampicillin and streptomycin
resistant strain of Staphylococcus. In this also star shaped
nanoparticles had shown highest inhibition zone of 18 mm.
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Amyloid fibrils are ordered aggregates of misfolded pro-
tein. These fibrils are of great interest because of their role
in degenerative diseases including Alzheimer’s and Type-2
diabetes. Their physical properties also make them poten-
tially useful in the development of novel materials.

I will describe a simple model that describes protein and
peptide self-assembly. Fragmentation-dominated models
for the self-assembly of amyloid fibrils have had impor-
tant successes in explaining the kinetics of amyloid fibril
formation but predict fibril length distributions that do
not match experimental observations. We have resolved
this inconsistency using a combination of experimental ki-
netic measurements and computer simulations. I will pro-
vide evidence for a structural transition which occurs at
a critical fibril mass concentration, or CFC, above which
fragmentation of the fibrils is suppressed. Our simula-
tions predict the formation of distinct fibril length dis-
tributions for protein concentrations above and below a
critical threshold, which we have confirmed by electron
microscopy.

Our results point to a new picture of amyloid fibril
growth in which structural transitions that occur during
self-assembly have strong effects on the final population
of aggregate species with small, and potentially cytotoxic,
oligomers dominating for long periods of time at protein
concentrations below the critical threshold, but not for
protein concentrations above the threshold. We further
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show that the CFC can be modulated by environmental
conditions, pointing to possible strategies for controlling
cytotoxicity in vivo or controlling length distributions in
vitro.
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The Gram-positive soil bacterium, Bacillus subtilis, can
assemble to form a biofilm, a community of bacteria
supported and protected by a self-produced extracellular
matrix. Biofilms created by B. subtilis are remarkably hy-
drophobic, a property that arises from the surface active
protein biofilm-surface layer protein A or BslA. The high
interfacial activity and hydrophobic properties of BslA
are due to its unusual amphiphilic structure, which we
have recently elucidated by X-ray crystallography. BslA
in its purified form also forms stable, viscoelastic films at
air- and oil-water interfaces, and has been likened to the
fungal hydrophobins. I will describe the novel mechanism
of self-assembly of BslA, present the physical properties
of the interfacial films, and describe possible applications
of the protein.
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LaMnO3 is orthorhombic structure but if we substitute
the Mn by Co then the structure change into rhombo-
hedral (hexagonal) and reported that Co 20% gives the
maximum ferromagnetism in LaMnO3 structure. So we

substitute the 20% Co and then after we substitute La
site by Pr. Pr substituted samples exhibit electrically
insulating character and show large magnetoresistance
(MR). Variation of MR with H shows very interesting
results including hysteresis in MR H, switchover from
ive MR to +ive and vice-versa and sudden drop in the
value. These observations are indicative of realignment of
magnetic moments at different fields and the phenomena
of pinning and unpinning of the moments.
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Polymer composites materials of carbon nanotubes have
a wide variety of applications in diverse field of science
and technology. Unidirectional flax fibres reinforced poly-
mer composites are used as high performance materials
due to their high mechanical properties and lower den-
sity compared to glass fibres. Mechanical properties of
these bio-composites are primarily influenced by the in-
terfacial properties and distribution of fibres inside the
matrix. Damage mechanism of plant fibre composites are
complex and include matrix crack, fibre/matrix interface
debonding, fibre/fibre interface failure (inside bundle of
fibres), fibres cell-wall peeling and fibre failure. There-
fore, the motoring of the damage in such structures can
be of immense interest to anticipate any failure of parts
and eventually trigger maintenance operations if neces-
sary. Recently quantum resistive sensors (QRS) made of
conductive polymer nanocomposites (CPC) have proved
to be very promising for the monitoring of compositess
mechanical properties such as deformation and damage.
Actually, the great sensitivity of these smart materials to
their environment is based on their percolated architec-
ture that can transduce any tiny change of internanofiller
gap into large resistance variation. There are different
strategies to achieve composites health monitoring with
CPC sensors. Among all processing techniques to fabri-
cate QRS with reliable and reproducible properties, the
spray LbL process was found to be the most versatile to
tailor sensing properties. QRS are also expected to help
understanding the complex failure mechanisms in compos-
ites.

Herein we explore the development of a novel smart
bio-composite with piezo-resistive capabilities to detect
deformations and damage, with the implementation of
CPC sensors of ∼ 0.5 − 2µmthick, on the surface or
in the core of flax fibre-PLA composites. Conductive
biopolymer nanocomposites have been fabricated by
dispersing multi-wall carbon nanotubes (MWCNT) in
biopolymer, (poly lactic acid) PLA via solution mixing to
develop strain sensors for real time damage detection in
advanced polymer-based composites. Conductive polymer
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nanocomposite sensors were prepared by spray layer by
layer (sLbL) technique and composites were prepared
by vacuum stacking. Both mechanical and electrical
responses of the smart bio-composite are recorded and
analysed simultaneously for the better understanding of
failure mechanisms and to sense the interface between
flax fibre and polymer matrix.
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Lead tungstate (PbWO4) nanocrystals were synthe-
sized by ultrasonication method with the assistance
of polyvinyl alcohol (PVA). The formation of PbWO4

was confirmed by X-ray diffraction (XRD) and Fourier
transforms Infrared Spectroscopy (FTIR) studies. The
influence of PVA on the shape, size and purity of PbWO4

particles were analyzed by Field Emission Scanning
Electron Microscope (FESEM) with Energy dispersive
Spectroscopy (EDS) respectively. Thermal and lumines-
cence properties were also studied using thermal analysis
and Photoluminescence (PL) spectroscopy respectively.
The experimental results are confirmed that the PVA
assisted PbWO4 particles behave better performance
than without PVA.
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The present study describes the synthesis, characteri-
zation and performance evaluation of carboxylic group

functionalized MWNT (c-MWNT)/ SPEEK (sulfonated
poly ether ether ketone) composite membrane towards
nanofiltration experiment. Carboxylation of MWNT was
done to graft functional groups onto the walls and to
purify MWNTs. Sulfonation of PEEK was achieved by
the reaction with cons. H2SO4 at 600C. The membranes
were synthesized by dispersing various weight fraction
of c-MWNT (0.1%,0.2% and 0.5%) into SPEEK matrix.
Surface morphology, roughness, thermal and mechanical
strength of the prepared membranes was characterized by
SEM, AFM, TGA, DSC and DMA analysis. SEM and
AFM images showed the uniform dispersion c-MWNT in
SPEEK matrix. DSC, TGA and DMA analysis showed
the improvement in thermal and mechanical behavior of
composite membrane with increasing c-MWNT content.
The addition of c-MWNT enhanced the membrane flux
and salt rejection in comparison to membranes without c-
MWNT content which further increases with increasing
c-MWNT concentration. This type of the membrane can
be used for the removal of salt for industrial applications.
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Nanocomposite filmss of PVA (polyvinyl alcohol) with
GO (graphene oxide) as organic filler have been synthe-
sized successfully. GO was prepared through modified
Hummers method and confirmed by SEM and XRD.
Nanocomposites were prepared containing various weight
amount of GO (0.1, 0.2 and 0.5%) within PVA matrix.
Membranes were casted on clean glass plate through
solution casting method and dried followed by. Further
the investigation of thermal and mechanical as well as
physicochemical properties of nanocomposites are done
using respective analysis techniques. Electronic conduc-
tivity of the prepared membranes was also measured.
The value of electronic conductivity enhances as the
GO content increases within polymer matrix. Thermal
and mechanical analysis shows the enhanced values with
increasing GO content.
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Copper rich CZTS nanocrystals were synthesised using
the precursor CuCl2.2(H2O), ZnCl2.2(H2O), SnCl4 and
thioacetamide in oleylamine. The amount of copper
in CZTS is varied from 1to 4 times. The synthesised
nano particles were characterized by the means of optical
and structural properties. The TEM analysis shows
the spherical nanoparticle of 10-30 nm in size. The
nanoparticle can be used for the assembly of thin films for
solar cell applications from nontoxic and earth-abundant
materials forming hybrid pn-junctions.
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The preparation of anion exchange membrane for desali-
nation Process by semi-interpenetrating polymer network
method is very efficient now days. The overall study
describes the performance and characterization of anion
exchange membrane formed by Poly (vinyl alcohol) as
polymer matrix and quaternized polyethyleneimine as
a cationic polyelectrolyte, sulfonated grapheme is used
to improve the ionic conductivity and physic chemical
stability. The quaternization of polyelectrolyte was done
by using bromoethane. To attain a desirable property
of polymer membrane APTS functionalized chemically
converted GO (f-GO) sheets was added as a precursor
to fabricate the organic and inorganic hybrid membranes
with different composition as (1%,2% & 5%).The surface

morphology and roughness of polymer membrane was
characterized by using Atomic Force Microscopy (AFM).
Confirmation of silica within graphene sheets was con-
firmed by (Transmission Electron Microscopy) TEM &
29Si NMR spectroscopy. Physiochemical characterization
of the membranes was done by the means of ionic conduc-
tivity, IEC (ion exchange capacity), WU(water uptake)
etc. The ionic conductivity of 5% f-GO membranes
increases three times comparative to virgin membrane
and reaches to 3.9 × 10 − 3Scm−1. 30 % of mare water
uptake is observed due to f-GO in to membrane it may
be due to the hydrophilic nature of graphene as well as
bound water uptake by quaternary ammonium groups
present within the matrix. Thermal and mechanical
properties were analyzed by TGA, DSC, DMA and UTM
respectively. The endothermic peaks of DSC thermo
gram was found at 980C, 1070C and 1140C as we increase
the f-GO content respectively as (1%,2% and 5%). The
composite membrane shows the better water desalination
performance comparative to virgin one. Power consump-
tion during water desalination decreases while current
efficiency increases by incorporation of f-GO into polymer
matrix.
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Membranes have become essential parts of the human
life because of their growing industrial applications in
hi-tech areas such as biotechnology, nano-technology and
membrane based energy devices in addition to different
membrane based separation and purification processes.
Rapid growth of chemical technology in diversified areas
fuels the demand for the need of reliable green technologies
for the downstream processes, which include separation,
purification and isolation of the molecules. Ion-exchange
membrane technologies are non-hazardous in nature and
being widely used not only for separation and purification
but their application also extended towards recovery of
value added products. Now there is a quite demand for
the ion-exchange membrane with better selectivities, high
chemical, mechanical and thermal stability as well as good
durability. Here in we are preparing the polyethylene
based interpolymer ion exchange membrane in lab scale
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and their performance evaluation in water desalination
by electrodialysis. Most of the commercial IEMs are
prepared by solution casting method. Here in we are
preparing the PE/PSt interpolymer cation exchange
membrane (CEM) and PE/PMS based anion exchange
membrane (AEM). PE is chosen as the based material
due to its lost cost and higher degree of inertness to
chemicals. This type of membranes can be processed by
melt extrusion process and therefore a large quantity can
be prepared in short duration. The prepared membranes
were not only be useful for water desalination as well as
for industrial applications. Here we proposed to prepare
environmental friendly method for the preparation of
IEMs. The performances of the membranes for diluted
sea water desalination have been demonstrated in ED
unit of different stack size. The sea water desalination
in multi stages will be evaluated in big ED unit (1800
cm2 area). The application of prepared membranes in
EDI for the production of ultrapure water and reverse
electro-dialysis for the generation of energy will be tested.
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Cadmium sulphide (CdS) is a II−VI group semiconduc-
tor, and as such, its nanoparticles have generated great
interests due to their unique size-dependent physical
and chemical properties. CdS nanoparticles and their
thin films with cubic phase were prepared using simple
precursors by chemical route. The prepared nanoparticles
were characterized for their structural, morphological
and optical properties by X-ray diffraction, field emission
transmission electron microscopy, UV-visible absorption
spectroscopy and photoluminescence respectively. X-
ray diffraction pattern reveals that the prepared CdS
nanoparticles are highly pure and are crystalline in nature
with cubic phase. Their sizes, estimated to be 3 nm,
were in agreement with the values calculated by Bruss
formula. Selected area electron diffraction also recognized
the cubic structure of CdS nanoparticles. The UV-visible
spectra exhibited a blue-shift with respect to that of bulk
samples which is attributed to the quantum size effect.
The band gap of CdS nanoparticles have been calculated
from absorption data using Tauc plot and found to be
2.82 eV. Energy dispersive X-ray analysis reveals the
presence of Cd and S in almost stoichiometric ratio in

the prepared CdS nanoparticles. The emission spectra of
CdS nanocrystals shows peak centred at ∼540 nm, which
is attributed to the presence of cadmium vacancies in the
lattice.
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Multiferroics having coexistence of ferroelectric and ferro-
magnetic ordering in the same phase at certain tempera-
ture ranges have large potential for variety of device ap-
plications. Multiferroic Bi1−xDyxFeO3(BDFO) shows the
significant coupling and simultaneously ferroelectric and
ferromagnetic ordering at room temperature.

Integration of BDFO films with ZnO piezoelectric can
be used directly as electricity generator with increased out-
put voltage.

ZnO thin films were deposited by dielectric sputtering
using a ZnO target (99.9%) with a diameter of 2 inch
and thickness 3mm. The Si substrate used was p-type
conducting (.0001−0005Ωcm). The standard RCA (Radio
Corporation of America) cleaning was performed on silicon
wafers before loading them into dielectric sputter. In the
deposition of ZnO thin films the RF power was 150W,
the Base pressure was 5 × 10−5, Operating Pressure was
2.2×10−2.The deposition rate was 15nm/min and gas used
in the chamber was Ar.

BDFO thin films of 300 nm were deposited using PLD
(Pulsed laser deposition) technique. Complex Pro 201,
248 KrF excimer laser from Coherent, was used for depo-
sition of BDFO thin films: Laser density- 2J/cm2, target
to substrate distance 5 cm, substrate temperature- 6500C
and O2 Pressure- 4.5× 10−4 mbar , Repetition Rate = 10
Hz, No. of Pulses - 22500. The deposition was performed
for 35 minutes to obtain approximately a 300nm thickness
film.

X-ray from Rigaku ( Cu-Kα radiation, λ = 1.5405Å
was used for structural phase identifications. The XRD
pattern indicates that the BDFO film deposited on the
ZnO films is a single phase and polycrystalline in nature.
XRD pattern of ZnO thin film indicates that diffraction
peak located around 34.4220 is very high and just the
ZnO (002) diffraction peak. So the deposited ZnO thin
film on the Si substrate has a high c-axis preferred
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orientation, which is necessary to achieve a ZnO film with
high piezoelectric quality. Scanning electron microscopy
(SEM) was done using Raith150 to determine the grain
morphology of BDFO and ZnO films. SEM is also used
to find the uniformity and the thickness of BDFO films
over ZnO films. SEM images reveal the BDFO coating
with granular structure.
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Colloidal suspensions that are out of thermodynamic equi-
librium undergo physical aging wherein their structure
evolves to lower the free energy. In aqueous suspension
of Laponite, physical aging accompanies increases of
elastic and viscous moduli as a function of time. In
this work we study temporal evolution of elastic and
viscous moduli at different frequencies and observe
that freshly prepared aqueous suspension of Laponite
demonstrates identical rheological behavior reported for
the crosslinking polymeric materials undergoing chemical
gelation. Consequently at a certain time tanδ is observed
to be independent of frequency. However, for samples
preserved under rest condition for longer duration before
applying the shear melting, the liquid to solid transition
subsequent to shear melting shows greater deviation from
classical gelation. We also obtain continuous relaxation
time spectra from the frequency dependence of elastic
and viscous moduli. We observe that, with increase
in the rest time, continuous relaxation time spectrum
shows gradual variation from negative slope, describing
dominance of fast relaxation modes to positive slope
representing dominance of slow relaxation modes. We
propose that the deviation from gelation behavior for
the shear melted suspensions originates from inability
of shear melting to completely break the percolated
structure thereby creating unbroken aggregates. The
volume fraction of such unbroken aggregates increases
with the rest time. For small rest times presence of fewer
number of unbroken aggregates cause deviation from
the classical gelation. On the other hand, at high rest
times presence of greater fraction of unbroken aggregates
subsequent to shear melting demonstrate dynamic arrest
leading to inversion of relaxation time spectra.
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Sugars are widely known for their cryoprotective effects,
and they accumulate naturally in species which can sur-
vive freezing and/or dehydration. Sugars are known to
affect lipid membrane systems by raising lipid phase tran-
sition temperatures, thereby helping to avoid deleterious
transitions to non-fluid bilayer phases. However, there is
debate about the precise mechanism: one theory suggests
that sugars hydrogen bond with the lipid headgroup, be-
coming partially incorporated into the bilayer and thereby
preventing a reduction in area per lipid during the com-
pressive stress experienced at low hydration; an alterna-
tive mechanism suggests that the osmotic and volumetric
properties of the sugars prevent the close approach of bi-
layers, thus reducing the membrane stress.

The location of sugars in a stacked lipid bilayer system
at reduced hydration resembling a biological system
undergoing water stress is central to elucidating the
mechanism of protection. Recently we demonstrated
that neutron membrane diffraction on partially hydrated
aligned stacks of dioleoylphosphatidylcholine provided
information about the distribution of trehalose between
bilayers[1]. In the present study we compare the location
of sucrose and trehalose, two well-known cryoprotectant
sugars, between bilayer stacks. Using partial deuteration
of the sugars, we find that both sugar molecules follow
distribution profiles centred in the middle of the water
layer, regardless of the sugar concentration. This result
demonstrates that the protective effects of the sugars
must be due to mechanisms that do not rely on direct
interactions between the sugars and lipid headgroups,
and instead are due to the non-specific osmotic and
volumetric effects of the sugars.
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We have systematically probed the gelation phe-
nomenon of the well-dispersed porcine gelatin-based
nanocomposites(GA-NC), which were prepared by adding
laponite, nanoclay as fillers to glycerol solution. Struc-
turally better and functionally advanced material, so pro-
duced, allowed us the possibility of formation of homo-
geneous thin gel films that had good thermo-mechanical
property and transparency.

This gelatin organo nano composite (GA-NC) was
deposited onto indium tin oxide (ITO) coated glass
plates via drop casting method to produce sensor elec-
trodes. The structural and morphological studies of these
GA-NC/ITO electrodes were characterized by scanning
electron microscopy (SEM), Fourier transform infrared
(FTIR) spectroscopy and electrochemical techniques.
The redox behaviour of GA-NC/ITO electrode towards
ascorbic acid (AA), citric acid (CA), oxalic acid (OA),
glucose (Glu), cholesterol (ChO) and Urea (U) have been
investigated by cyclic voltammetry (CV). The electro-
chemical response of theses electrodes was monitored
with different metabolites in the concentration range
of 1-20 mM. This electrode response shows a broad
range of linearity and higher sensitivity. The excellent
electrocatalytic behaviour of GA-NC/ITO electrode may
find application towards the construction of strip based
biosensors.
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Soft nanomaterials have attracted significant attention be-
cause the combination of organic and inorganic compo-
nents at nanoscale offer prospects of new and synergis-
tic properties. We have investigated network rigidity, hy-
dration and heterogeneity of 1:1 laponite montmorillonite
(MMT) gels using dynamic light scattering, rheology and
FT-Raman techniques. These soft gels were found to be
homogeneous whereas those prepared with excess of MMT
or laponite yielded non homogeneous gels. In order to de-
scribe universality to the observed kinetics, the relative
viscosity ηr (=ηs/η0, ηs and η0 are viscosity of the dis-
persion and solvent respectively) and low frequency stor-
age modulus G0 were fitted to the following concentra-
tion dependent power-law growth function given as ηr, G0

∼ cβ. Frequency sweep measurement revealed that the
dynamic mechanical behavior of the dispersion approxi-
mately obeyed liquid like behavior in the concentration
range 0.8-1.0 % (w/v) and above these concentration all
samples showed frequency independent G

′
behavior i.e.

gel like behavior. The typical behavior of the intensity
correlation function obtained from dynamic light scatter-
ing revealed slowing down of the relaxation times.

Dynamic structure factor exhibited two-mode relax-
ation where the stretching parameter decreased linearly
with aging time whereas slow mode relaxation time
increased exponentially and fast mode relaxation time
remained invariant of ageing time. We have used this
system for making electrochemical biosensors.
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The interaction between protein bovine serum albumin
(BSA) and gelatin B (GB) can resulted in the prepa-
ration of a 3 D-physical network having a wide range
of industrial application, such as in food, personal care
and biomedical fields. When a solution of interacting
biomolecules (BSA/GB), is prepared below the gelation
temperature, the degree of physical entanglement is
found to be considerably dependent on the mixing ratio
of the two constituents. This interaction between BSA
and GB was studied at fixed BSA (1.0% w/v) and
varying GB concentration (0.5-3.5% w/v) at near their
common pI (5± 0.2) with no salt. The interaction profile
revealed two distinct regimes (i) 0.25 < CGB < 1.00%
which results in the formation of a dense condensate,
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and (ii) 1.0%< CGB <3.5% which produced a network
gel. The zeta potential profile showed how the surface
charge changed with different mixing ratio in these two
regimes. Melting properties and homogeneity in the
systems in regime (ii) was investigated by rheology. A
heat-induced phase diagram of first order transitions was
observed in these gel samples. The aim is to investigate
the surface charges and thermal behaviour of different
protein /polyampholyte ratios. The aim is to investigate
the interaction between protein /polyampholyte near
their common pI. It also deals with the modulation of
surface charges and thermal behaviour by controlling the
different protein /polyampholyte mixing ratio.
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The interpenetration of continuous 3-D networks of a
biopolymer and ionic liquid results into bioionogels. Iono-
gels are famous due to their easy and cheap preparation
method, and their non-trivial thermo-mechanical charac-
ter. We present a comparative and systematic investiga-
tion of the effect of solvent hydrophobicity (alkyl chain
length) on the gelation kinetics and the phase states of
a polypeptide (gelatin) and a carbohydrate (agar) in im-
idazolium based ionic liquid (IL) solutions. IL molecules
created bilayers around the polymer chains, and free IL
molecules assembled as micelles inside the gel core. At
concentration close to gelation, power-law exponents were
evaluated and gelation mechanism could be described
through anomalous percolation model to a good accuracy.
Rheology data revealed a gradual softening of these gels
on increasing the IL concentration and/or its alkyl chain
length both of which caused the hydrophobic volume frac-
tion to rise. As the IL concentration was increased, the
corresponding ionogels so formed were softer and showed
yield stress behavior.

In summary, it was concluded that the physical prop-
erties of these ionogels can be tailored in IL solutions
to suit application requirements. These exfoliated bio-
compatible, biodegradable matrices offered cost effective
electrode surface design possibility with easy renewal
of the active area. These ionogels were fabricated into
bioelectrodes to develop sensors for detection of ana-
lytes. These electrodes were used for selective sensing
of specific analytes. A comprehensive and systematic
study of the same leading to the aforesaid aim will be
presented. These concepts could be applied in the near

future towards designing of array of functional soft ma-
terials with appropriate characteristics for customized use.
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The title compound was synthesized by reacting 2-
hydroxy-4-methoxy-benzaldehyde with diethyl malonate
in the presence of catalyst piperidine. The compound was
characterized by elemental analysis, FT-IR, 1H-NMR,
13‘C-NMR. The structure was confrimed by single crystal
X-ray diffraction technique. The compound crystal-
lizes in monoclinic crystal system, P21/n space group,
a = 7.8824(7)Å, b = 13.5854(10)Å, c = 20.6072(16)Å, β =
98.786(3)0 unit cell parameters, and Z = 8. The benzene
and pyrone rings are sp2 hybridized and are in planar
conformations. The crystal structure of the compound
was stabilized by the intra and intermolecular interactions
of the type C– H...O. This newly synthesized compound
was screened for its antibacterial activity against three
Gram-negative bacteria namely Pseudomonas aeruginosa,
E. coli, Salmonella typhimurium . Two Gram-positive
bacteria namely Bacillus subtilis and Staphylococcus
aureus.
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The fluctuation theorem (FT) which places conditions on
the entropy production of nonequilibrium systems applies
to systems driven arbritrarily far from equilibrium. Fluc-
tuation theorem derived by Evans et al.[1-2] was motivated
by their simulation results on sheared hard disks in two
dimensions. It was proved for thermostated Hamiltonian
systems driven by external forces[3-4]. For finite systems
undergoing Langevin dynamics, a fluctuation theorem (of
the Gallavotti-Cohen type) was derived by Kurchan for av-
erage power flux of the system[5]. It was proved that the
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average power flux Wτ (averaged over duration τ) obeys

the fluctuation relation limτ→∞
1
τ ln

P (+Wτ )
P (−Wτ )

= βWτ in the

steady state.
We study fluctuations in the driven steady state of

a many particle stochastic system that mimicks a fluid
under shear at constant strain rate. Our model system
consists of a one dimensional lattice of rotors, which
rotate in a plane perpendicular to the lattice and have no
translational freedom in the direction of the lattice. Each
rotor interacts with its nearest neighbours via torsional
forces. The system is thermostated with a dissipative
and random force (using Dissipative Particle Dynamics
algorithm). The resulting steady state supports a velocity
gradient in the system, similar to a fluid under shear.
The model has a rich phase diagram exhibiting a variety
of phases similar to those seen in complex fluids under
shear. We validate the FT in these phases. The FT
allows us to define an effective temperature. We find
its dependence on the imposed strain rate and the noise
strength, and its relation to the systems phase behaviour
is analysed. We also analyse fluctuations in the local
strain rate γ̇τ (averaged over duration τ) in particular
large deviations from mean value (which is the imposed
strain rate γ̇ ).The large deviation function (LDF) is
defined as F (γ̇τ ) ≡ limτ→∞− 1

τ lnP (γ̇τ ).where P(γ̇τ ) is
the probability distribution of local strain rate γ̇. The
antisymmetric part of the LDF of local strain rate obeys
the fluctuation relation i.e. F (γ̇τ ) − F ( ˙−γτ ) ∝ γ̇τ .The
LDF shows a kink near zero strain rate for points at the
boundary of two phases.
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Nanocomposites derived from organic polymers and
inorganic nanoparticles have been expected to display
synergistically improved properties. Present study deals
with the polycarbonate (PC)/poly styrene (PS)-TiO2
blend nanocomposites filled with different concentration
of chemically synthesized TiO2 nanoparticles (1,2,3 wt%),
using solution casting method. The XRD and TEM study
of nano TiO2 reveals that the average particles size
is 19 nm. The effect of filler content on PC blends
have been investigated by means of Fourier transform
infrared (FT-IR), X-ray diffraction (XRD) and Differen-
tial Scanning Calorimetry (DSC). The XRD scan and

FTIR spectrum confirm the formation of PC/PS-TiO2
nanocomposites. The DSC thermograms indicate that
the thermal stability of nanocomposites enhanced with
addition of filler content.
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The adsorption of graphene onto solid surface is vital for
numerous device applications. In the present work we
aim to control the deposition of graphene onto surfaces
by altering the nature of the surfaces. We have formed
the self assembled monolayer (SAM) of octadecanethiol
(ODT), mercapto undecanioc acid (MUA), and biphenyl
dithiol (BPD) onto the gold deposited substrates. The
nature of the surfaces obtained for ODT and MUA were
hydrophobic and hydrophilic, respectively. The SAM
of BPD yields the surface with phenyl rings having
delocalized Π-electrons. Such surfaces were employed
to study the adsorption of graphene from solution.
The morphology of the aggregates were studied using
atomic force microscope. We found a significant effect
of graphene-SAM interaction on the morphology of such
depositions.
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In recent years, low-dimensional spin systems with a gen-
eral formula of M2X2O7 (M: Cu, Co, Ni, Fe, Mn; X: P, As,
V) have attracted considerable attention due to their rich
structural features, catalytic, optical and complex mag-
netic properties[1]. Among these compounds special at-
tention have been focused on the copper and vanadium
based oxides containing magnetic Cu2+ (3d9, S=1/2) ions
and nonmagnetic tetrahedral OV4 (3d0, S=0). The com-
pound Cu2V2O7 adopts two common phases. The high
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temperature phase β-Cu2V2O7 crystallizes in monoclinic
structure and show antiferromagnetic behaviour. On the
other hand the low temperature phase α-Cu2V2O7 crystal-
lizes in orthorhombic symmetry and display ferromagnetic
or canted antiferromagnetic states[2].

Inspired by the interesting work on low-dimensional
spin systems, we have synthesized polycrystalline
samples of α-Cu2V2O7 using wet chemical route and
characterized by FTIR, SEM and powder X-ray diffrac-
tometry. In the synthesis, initially powdered sample of
Cu3(OH)2V2O7.2H2O was prepared using Copper-nitrate
and ammonium-metavanadate solutions at 750C with
continuous stirring. The Cu3(OH)2V2O7.2H2 powder
was heated at 7000C for 5 hours for obtaining the
desired α-Cu2V2O7 phase. The room temperature X-ray
diffraction pattern and data analysis confirmed that the
synthesized α-Cu2V2O7 crystallizes in a single phase
orthorhombic structure and belongs to the Fdd2 space
group. The obtained structural parameters are in very
good agreement with the reported one. SEM micrographs
show that the synthesized product α-Cu2V2O7 is mostly
in sphere like particles. The UV-Vis optical absorption
spectrum display broad and swift absorption in the range
of 200-300 nm and the estimated band gap is about 2.8
eV. The room temperature field dependent magnetization
curve display ferromagnetic hysteresis loop and the
obtained value of the saturation magnetization is 0.233
emu/g. Details of the synthesis route, characterization,
UV-Vis absorption and magnetic measurements will be
presented in the conference.
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CdS nanoparticles (NPs) of size between 4 nm and 10 nm
were synthesized at various conditions by co-precipitation
technique, by varying reaction temperature and reactant
ratios. Williamson-Hall analysis on synchrotron XRD
data was used to estimate strain and size of NPs. The
sizes were further confirmed by Transmission Electron Mi-
croscopy. Optical spectroscopy (UV-VIS region) showed
quantum confinement effect. The band gap of NPs were
estimated to be between 2.8 and 3.5 eV; much larger

than the bulk band gap of 2.42 eV. Photoluminescence
(PL) spectra showed main emission bands at 535 ± 5 nm
(B1), 560 ± 10 nm (B2) and 625 ± 15 nm (B3). Bands
B1/B2 are attributed to transitions from extended band
to localised acceptor/donor levels due to the presence
of Sulphur/Cadmium interstitials. Red emission (B3) is
attributed to transition on trap states due to Sulphur
vacancy. FTIR results show the presence of stretching
band of CdS at 670 ± 10 cm−1.
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Polymer−clay nanocomposites (PCNs) have been a sub-
ject of intense industrial and academic research recently,
due to their remarkable improved mechanical, thermal,
optical, chemical and electrical properties over pure poly-
mers. The biodegradable colloidal suspensions of these
PCNs have applications in paper coating, textile sizing,
packing, pharmaceutical and separation membranes. This
paper investigates the dielectric behaviour and alternating
current (ac) electrical conductivity of Poly(vinyl alcohol)
(PVA)montmorillonite clay (MMT) nanocomposites aque-
ous colloidal suspensions with varying clay concentration
prepared in deionized water.

The alternating current electrical conductivity and
impedance spectra of the PVAMMT clay materials were
measured in the frequency range 20 Hz to 1 MHz at
270C. It is found that the direct current electrical con-
ductivity of the materials have anomalous behaviour and
it increases a little with increase of clay concentration.
The intercalation of PVA chain in the MMT clay galleries
and the interactions between PVA and MMT clay were
explored from the MMT clay concentration dependent
dielectric behaviour in relation to their structural confor-
mations.
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Liquid crystals are shape anisotropic organic materials[1]
which find many applications[2] in a wide variety of
fields such as display technology, bioscience and surface
science. On doping the liquid crystals with nanomaterials
such as nanoparticles or carbon nanotubes the switching
properties can be altered. In this report, the electro-optic
and dielectric properties of cadmium selenide quantum
dots (CdSe QDs) doped nematic liquid crystal(NLC) is
presented. The nematic liquid crystal was doped with
different concentrations of the semiconducting QDs.
The nematic to isotropic (N-I)transition temperature for
doped sample is comparable to that of pure NLC. The
doped sample is found to have a lower threshold voltage
than that of pure NLC. The value of threshold voltage
decreases with increasing concentration of the QDs.
The dielectric permittivity is estimated as a function of
temperature in both planar and homeotropic geometry.
Doping QDs led to increase in dielectric anisotropy in
comparison with that of pure liquid crystal. The result
showed that the incorporation of QDs into NLC provides
a way to improve the performance of LC based devices.
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We report the fabrication and characterization of
polyindole (PIn) Langmuir Blodgett (LB) films and
their applications in electronic devices. Electrochemical
method is used to obtain the PIn polymer and ordering
of the polymer film is achieved by LB technique. Pressure
(Π) vs. area (A) isotherm in Langmuir trough is used to
study the interaction between molecules over air-water
interface. PIn LB films are obtained at 30mN/m con-
trolled surface pressure by vertical lifting and dipping of
substrates for UV-vis spectra, surface morphology and

electrical characterizations. The UV-vis spectra of PIn
LB films show the 2.9 eV band gap of polymer. The
morphology of the PIn LB films is studied using scanning
electron microscopy and atomic force microscopy images.
Further Schottky diodes are fabricated using the Pin LB
films. A very smooth and uniform film is obtained using
LB method onto the indium tin oxide (ITO) surface.
Metalorganic junction largely depends on the surface
morphology, which plays a crucial role in the fabrication
of Schottky diodes. The current densityvoltage charac-
teristics of the Schottky diodes are subsequently used for
extracting electronic parameters of the device such as the
ideality factor, barrier height, reverse saturation current,
etc. Further the dependency of IV characteristics with
number of layers (thickness) s studied by forming various
number of LB layers. Excellent rectifying behavior is
observed with an ideality factor 4.7 in PIn LB films of 5
layers.
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Antimicrobial wound dressings are indispensable for the
effective healing of skin wounds such as burns and ul-
cers. Various synthetic and natural polymers with good
biocompatibility have been used to develop wound dress-
ings. Chitin possesses excellent properties that are ad-
vantageous for wound dressing namely biocompatibil-
ity, biodegradability and haemostatic activity. Chitin-
nanosilver membranes were developed for use as an antimi-
crobial dressing for wound care. For clinical applications,
the wound dressing should be assuredly free of microbial
contamination. Gamma irradiation has well appreciated
technological advantages and is the most suitable method
for the sterilization of biomedical materials.

The present study was carried out to evaluate the effect
of gamma radiation on the chemical and functional charac-
teristics of the chitin-nanosilver membranes. The change
in the chemical structure of chitin-nanosilver membrane on
gamma irradiation at 25 kGy was evaluated by means of
Raman Spectroscopy and UV-Vis Spectroscopy. The unir-
radiated and irradiated chitin-nanosilver membranes were
examined by laser Raman spectroscopy using the 514.5
nm line of Ar+ laser as the exciting beam. Spectral scan-
ning was carried out in the range of 500-3500 cm−1. No
change in the spectra of chitin-nanosilver membranes due
to gamma radiation was observed. UV-Vis spectroscopy
also showed no significant effect on the absorption peaks in
the irradiated membrane as compared to the unirradiated
chitin-nanosilver membranes. The in vitro degradation of
chitin membranes was also evaluated. No significant dif-
ference was obtained in the biodegradability of the unir-
radiated and irradiated chitin-nanosilver membranes.

The effect of gamma radiation on microbicidal efficacy
of the chitin-nanosilver membranes was tested using
Pseudomonas aeruginosa and Staphylococcus aureus.
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The results indicated antimicrobial efficacy of irradiated
chitin-nanosilver membranes comparable to unirradiated
membranes. Impermeability of the chitin-nanosilver mem-
branes to different microorganisms was also not affected
by gamma irradiation. The study has demonstrated that
sterilization by gamma irradiation at doses of 25 kGy
did not evoke undesirable changes in the structural and
functional properties of the chitin-nanosilver membranes.
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Research into nanocluster film growth and character-
ization of their novel properties is a growing research
field[1]. The properties of nanoclusters vary from the
bulk material and are tunable by varying the nanocluster
size[1]. The production of nanocluster films using the
plasma gas-condensation technique is being considered
nowadays as one of the most controlled methods for such
films formation[1,2]. Control over deposition parameters
like magnetron power, aggregation zone length and inert
gas pressure, in combination with in-situ mass filtration,
have allowed for the growth of size-selected nanoclusters
with great accuracy[2]. Tantalum and tantalum oxide
materials have been studied due to their prospective
application in biomedical, optical, catalyst and elec-
tronic fields[2,3]. In this work, we have investigated the
morphology and hydrophobic properties of tantalum nan-
ocluster porous films grown by a plasma gas-condensation
process. This study emphasizes the importance of char-
acterization and understanding the surface morphology of
nanoclusters film. Size-selected nanoclusters of tantalum
were deposited on silicon/fused quartz substrates for
surface analysis and TEM grids for TEM/STEM analysis.
The obtained nanocluster films were characterized by
AFM, SEM, XRD, TEM, XPS, and water contact-angle
measurements. The nanocluster films grown using this
method were compared to conventional magnetron sput-
tered tantalum films. The AFM images and XPS spectra
were also studied of the tantalum deposited surface taken
after different temperatures of post-deposition annealing
under ultra-high vacuum conditions. Surface topography
maps by AFM and SEM clearly demonstrated the porous
structure of the nanocluster films. TEM imaging and
XPS study confirmed this structure after air exposure
and the resultant oxidation of nanoparticles to core/shell
tantalum/tantalum oxide configuration. TEM and XRD
results showed the nanoclusters as amorphous structure.
The size-selected tantalum nanocluster-assembled films
with nanoscale porosity provide an enhancement a contact
angle value of 75.40, but the magnetron sputtered tanta-
lum film is hydrophilic with a contact angle value of 41.20.
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Bacterial resistance to conventional antibiotics is a major
health concern. Antimicrobial peptides (AMPs), which
are an important component of mammalian immune
system, are thought to utilize non-specific interactions
to target common features on the outer membranes of
pathogens; hence development of resistance to such AMPs
may be less pronounced. Most AMPs are amphiphilic and
cationic in nature. The general consensus is that most
AMPs form pores in the bacterial membranes causing
them to lyse. However, the exact mechanism for pore
formation is unknown. We selected the AMP CHRG01
(KSSTRGRKSSRRKK), derived from human β defensin
3 (hBD3) with all Cysteine residues substituted with
Serine, for study. This substitution removes all disulfide
bond linkages within the sequence and makes the peptide
unstructured in solution. The effectiveness of this peptide
against different bacteria is tested by growing bacteria,
characterizing bacterial strains so as to determine the
effect of AMP on specific microbe, and inspecting Min-
imal inhibitory concentration of AMP against different
species of bacteria. The effect of this AMP on bacterial
and model membranes is characterized using Atomic
Force Microscopy, Scanning Electron Microscopy, and
Small Angle X-ray scattering (SAXS) to elucidate the
mechanism behind antimicrobial activity.
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In this work, we study rheological behavior of thermo-
dynamically out of equilibrium materials which show
temporal evolution of elastic modulus, relaxation time
and viscosity. We have used commercially available
acrylic emulsion paint and aqueous synthetic clay
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(Laponite) suspension prepared in lab. They show time
dependent slowing down of the relaxation dynamics,
due to which Time-Translational Invariance (TTI) and
Boltzmann superposition principles are not applicable
in their conventional form. We have shown that such
materials follow Boltzmann superposition principle only
in the effective time domain, wherein time dependent
relaxation processes are scaled by a constant relaxation
time. In this work we extend the effective time framework
to successfully demonstrate a timeaging time-stress su-
perposition of creep curves obtained for different stresses
and at different waiting times. Such a superposition is
possible when the average relaxation time of the material
changes with time and stress without affecting the shape
of the spectrum. We have also analyzed effect of step
jumps performed on the materials for different stresses
in a Boltzmann superposition framework. We carry out
different kind of experiments including up and down
step jumps and ramps at different waiting times. We
observe that these permutations and combinations lead
to further validation of Boltzmann superposition principle.
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An emerging area of research is improving the efficiency
of the polymerase chain reaction (PCR) by using nano-
material. Graphene oxide showing promising results.
In this paper we report the effect of Graphene oxide
on Polymerase Chain reaction (PCR) efficiency. The
reason behind the use of graphene oxide is lies in its
electrical, mechanical and thermal properties. Garphene
oxide was efficiently synthesized via modified hummers
method. SEM and TEM images confirmed the formation
of graphene oxide. The experimental results show that
amplification during PCR indicates the high thermal
conductivity of garphene oxide probably main cause
of the PCR enhancement. Further research should be
concentrated on estimating the maximum concentration
of graphene oxide for which the efficiency of PCR be
maximum.
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Amongst various types of materials, Glass, a special kind
of polymeric system is considered with great attention due
to having vitreous 3D-network lacking symmetry and peri-
odicity, greater structural energies, same average packing
and properties in all directions and infinite unit cell but no
repeating large scale structures. SiO2-MgO-Al2O3-K2O-
B2O3-F (BPAS) is such a kind of oxide system largely used
for high temperature vacuum sealing application. Many
technological applications require a substrate with large
value of thermal expansion coefficient, as well as good
shock absorbance. So, the increase of thermal expansion
coefficient and shock absorbance power is of great interest
now a day for potassium aluminium-borosilicate glasses
and the corresponding glass-ceramics as they can also be
useful for high temperature sealing application (SOFC).

Here, we studied the effect of Zn2+ substitution for
Mg2+ on crystallization and microstructure of SiO2-
MgO-Al2O3-B2O3-K2O-MgF2 (BPAS) glass system
designed in the glass forming region of fluorophlogopite
[KMg3(AlSi3O10)F2]. Bivalent metal oxide ZnO was se-
lected on the basis of ionic radius which is nearly equal for
Mg2+ and Zn2+ in six coordination site (Mg2+ ∼ 0.72Å,
Zn2+ ∼ 0.75A0).The conventional melt-quenched (at
15500C for 2 h) glasses with compositions (mol%),
41SiO2 10 Al2O3 7 K2O 10 B2O3 12 F2 (32-x)Mg2+-
x ZnO where x = 0, 5, 10, 15, 20, 26 and 32; have
been investigated to establish the effect of Zn+2/Mg+2

ratios. It is found that the density (measured using
Archimedes method) of base glass without zinc content is
2.52 g-cm3 and increases linearly on replacement of Mg2+

by 5-32 mol% ZnO. Glass transition temperature (Tg)
and dilatometric softening point (Td) of BPAS glass first
increases with adding 5 mol% ZnO and then decreases
on further addition. From the DSC study, it is found
that the crystallization exotherm changes significantly
in the temperature range 750-10000C where different
crystalline phases are formed, and the activation energy
varies in the range of 254-388 kJ/mol. The crystalline
phases formed in opaque BPAS glass-ceramics derived by
controlled heat treatment at 800 and 10500C are identified
as fluorophlogopite [KMg3(AlSi3O10)F2] and willemite
(Zn2SiO4) by XRD technique and subsequently confirmed
by FTIR spectroscopy. The change of crystallization
phenomena on increasing Zn+2/Mg+2 ratios correspond
to the significant microstructural change studied from
FESEM photomicrographs. A wide range of dilatometric
thermal expansion values were obtained for the inves-
tigated glasses and their corresponding glass-ceramics.
Thermal expansion (50-5000C) of BPAS glass without
zinc content is 7.76 10-6/K decreased sequentially with
increase of Zn+2/Mg+2 ratios. The density of glass-
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ceramic after heating at 800 and 10500C increases linearly
increase of Zn+2/Mg+2 ratios. Microhardness of the
BPAS glasses is in the range of 4.26-6.15 GPa and found
to increase to 4.58-6.78 GPa on heat treatment at 10500C.
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Ceramic membranes are finding wide applications in
various fields including treatment of wastewater loaded
with organic matter. Ceramic ultrafiltration membranes
having pore size in the range of 10-100 nm are applied for
separation of microorganisms and organic loading. In the
present study, zirconia powder coated ceramic membrane
was prepared on ceramic MF membrane supports of
single-channel and multi-channel configurations. The
ceramic support was indigenously developed by CSIR-
Central Glass and Ceramic Research Institute from a
cost effective composition of clay and alumina. Coating
slurry was comprised of zirconia powder, a dispersant,
a plasticizer and an organic binder. Well dispersed
and stable slurry was obtained by add-mixing of the
ingredients under gentle stirring and ultrasonication.
Membrane was elaborated using dip coating technique.
The membranes were sintered in air atmosphere at 7000C
for 2 h in electric furnace at a heating and cooling rate of
1 and 20C/min, respectively. Membrane characterization
was done by XRD, FESEM and Mercury intrusion pore
size distribution techniques. Analysis results show that
the membrane is in the ultrafiltration range with average
pore size of 50 nm. The prepared membrane was applied
for treatment of surface water, tannery and domestic
wastewater. Surface water was collected from a local
lake and wastewater from the canteen of the Institute,
and subjected to characterization in terms of chemical
oxygen demand (COD), biochemical oxygen demand
(BOD), turbidity, total suspended solids (TSS) and
pathogen. Filtration experiments were carried out in
cross flow membrane filtration (CMF) mode. Feed was
passed tangentially to the membrane under pressure
and permeate came out of the membrane pore in the
cross-flow direction. Membrane permeates collected at
regular intervals for analysis. The main aim of the study
was to remove pathogenic bacteria represented in terms
of most probable number (MPN) so that the water
may be used for drinking purpose or reused for other
purposes. The ultrafiltration membrane was effective

in removing pathogenic bacteria with 92% reduction in
COD.Turbidity was reduced below 1 NTU. A steady
state flux of about 22 LMH was obtained. Therefore, it
might be concluded that indigenously developed ceramic
ultrafiltration membranes can be effectively used for
treatment and reuse of surface water and domestic
wastewater.
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Hydrophilic porous Poly (ether) sulfone membranes and
microspheres with a controlled morphology were pre-
pared via Non-Solvent Induced Phase Separation (NIPS)
with 1-butyl-3-methylimidazolium hexafluorophosphate
([BMIM] [PF6]) as structure control additive in addition
to conventional PVPK17. Response surface methodology
(RSM) was employed to optimize ionic liquid polymer mi-
crospheres (ILMC) and membranes (ILMs) preparation.
The results showed that the concentration of polymer, ad-
ditive and ionic liquid as well as the viscosity were the key
factors. BoxBehnken design were introduced to optimize
the level of the key factors and these are as follows: 5-10%
(w/w) PES (polymer), 0-4% (w/w) PVPK17(additive),
and 5-15% (w/w) [BMIM][PF6](ionic liquid) for ILMCs
and 10-15% (w/w) PES, 0-4% (w/w) PVPK17, and
10-15% (w/w) [BMIM][PF6] for ILMs.Compared with
conventional solvents (DMF, DMSO, NMP) and additives
(PEG, PVP), presence of [BMIM][PF6] alters the phase
inversion mechanism in a particular way and different
morphologies were observed. [BMIM][PF6] concentration
clearly affects the internal membrane morphology from
channel structure to spongy (loosen) nature. Membranes
prepared with higher [BMIM][PF6] concentration showed
a sponge-like morphology; whereas membrane prepared
without or lower concentration of [BMIM][PF6] presented
a finger-like morphology. [BMIM][PF6] concentration
increases the polymer dope viscosity and reduces solvent
exchange speed thereby alters the morphology to spongy
nature. Hydrophilicity of PES membrane is influenced by
the concentration of [BMIM] [PF6]. This investigation
provide a vital information about the phase inversion
exchange rate and polymer dope viscosity are interrelated.
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Despite of intensive research efforts on the toxicity of
engineered nanomaterials, current knowledge on their
cytotoxic mechanisms remains limited. Relationships
between the cell and nanomaterial properties such as size
and concentration are not well understood. In this work,
we developed a whole-cell biosensor chip for rapid testing
of silver nanoparticles (NPs) toxicity and monitored
the responses under AC electrical field by non-Faradaic
electrochemical impedance spectroscopy (nFEIS). This
biosensor was made of an array of capacitor chips im-
mobilized with living E. coli cells capable of performing
multiple toxicity assays to address the need for a consis-
tent method to study size and concentration dependent
toxicity of silver NPs. The cellular response obtained
through the biosensor exhibited size and concentration
dependent toxicity of silver NPs. The relative change
in capacitive response with respect to controls enabled
determination of the toxicity of NPs using whole-cell
biosensor chip. E. coli cells were sensitive to, and severely
affected by 10 nm sizes of NPs with loss of capacitance
responses as a result of damage to living cells. However,
E. coli cells were not severely affected by larger 100 nm
size of silver NPs as the cells tend to resist and were not
able undergo cellular stress. Our results demonstrated
that whole-cell biosensor chip response at a particular
frequency enabled determining the severity of the stress
imposed by Ag NPs. The toxic effect of NPs was also
studied using attenuated total reflection-fourier transform
infrared (ATR-FTIR) spectra and scanning electron
microscopy (SEM). The methodology developed has a
great potential to be applied in nanomaterial industry for
classifying toxic and non-toxic NMs.
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The nanocrystalline ferrite of Cu0.2Ni0.8Fe2O4, synthe-
sized through chemical co-precipitation method and subse-
quently, coated with intrinsically conducting polymer shell
of polypyrrole and polyaniline have been studied. The
XRD patterns confirm the formation of nano sized cubic
spinel structure in single phase with average crystallite
size of ∼6 nm. The dc magnetization measurements per-
formed on VSM show the magnetization enhancement in
the M-H curves at 20K on polymerization. The value of
blocking temperature, TB is found to be increased from
120K to 140 K on polymerization which confirms the in-
crease in crystallite size due to the interaction of polymer
chain with nanoparticle surface.

The frequency dependent dielectric measurements were
performed in the range of 75 KHz to 10 MHz. Both the
dielectric strength and the dielectric loss decrease with
frequency for all the samples which could be explained on
the basis of available ferrous, i.e. Fe2+, ions on octahedral
sites such that beyond a certain frequency of applied
electric field the electronic exchange between the ferrous
and ferric ions i.e. Fe2+ ↔Fe3+ cannot follow the applied
alternating electric field. However, on polymerization,
both the dielectric strength as well the dielectric loss
increases at all frequencies.
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Makrofol (KG & N) polymers are the important poly-
mers used for SSNTDs. The Makrofol (KG & N)
polymers samples were irradiated by 100 MeV O6+ ions
at Inter University Accelerator Centre (IUAC), New
Delhi, India. The fluences were taken in the range of
1 × 1011ions/cm2to5 × 1012ions/cm2. The pristine and
irradiated samples were characterized by positron anni-
hilation lifetime spectroscopy (PALS), X- ray diffraction,
UV- visible and FTIR for the free volume, structural,
optical and chemical studies respectively. PALS technique
is an effective and non- destructive technique for the
estimation of the amount of free volume present inside
the polymers. The free volume and fractional free volume
were calculated from the obtained value of hole radius
using Tau-eldrup model[1]. A comparative study was
carried out from the obtained values of free volume
and its variation for both the polymers. The crystallite
size and band gap energy values were calculated using
Scherrer formula[2,3] and Taucs relation[4] respectively.
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The absorption spectra of ultraviolet were found to be
shifted towards longer wavelength region. The intensity
of the various absorption bands of the infrared spectra
were found to change in their wave numbers indicating
the changes in the chemical properties of the exposed
samples. The results will be discussed during presentation.
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Fluorescent semiconductor based nano-crystals with
spherical morphology known as quantum dots (QDs[1]
have attracted significant interest especially in the
field of optical bio imaging due as a fluorescent probe.
Because of their very high quantum yield along with
high resistivity against photo-bleaching effects makes
these very applicative especially in vitro and in vivo
optical imaging. However, for their known toxicity and
potential environmental hazard associated with many
of these materials may represent serious limitations.
Therefore, the search for benign nanomaterials of similar
optical properties continues. We report the finding of
these quantum dots like carbon dots[2-4] just by burning
waste material of sugar cane. These strongly emissive
carbon dots may find applications similar to or beyond
those semiconductors quantum dots via simple surface
passivation. Carbon dots were synthesized by burning
the waste material of sugar cane as “sugar cane stra”via
simple carbonization method under insufficient about
of oxygen and collecting their soot. These carbon dots
on spontaneous passivation exhibit strong fluorescence
on excitation in varied wavelength of light and showing
some unique properties. These are cheap to synthesize
and these do not show any toxicity and environmental
problems in relevance to green chemistry. The use of
these as biological labels can be used as an efficient
fluorescent labelling with E.coli cells.
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AlSb thin films were prepared by the vacuum evaporation
technique. The influence of annealing temperature on
compositional, structural, optical and electrical properties
of the films was investigated using Rutherford backscat-
tering spectrometry (RBS), X-ray diffraction (XRD),
Scanning electron microscopy (SEM), resistivity and op-
tical absorbance studies. The composition analysis shows
the nearly stoichiometric nature of the deposited film.
Optical absorbance measurements indicate the existence
of direct allowed optical transition with a corresponding
energy gap in the range of 1.51-1.52 eV. The results
demonstrate the effect of the annealing temperature and
elemental concentration on the structural, optical and
electrical properties of AlSb thin films.
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Rubber is an extensively used amorphous polymer having
variety of applications in automotive, rubber and electron-
ics industries. Polyisoprene and Polybutadiene being the
major constituents of Natural and Synthetic rubber have
also gained considerable research interest. This study fo-
cuses on validating the existing forcefields by calculating
various physical properties to reproduce the experimental
values e.g. glass transition temperature[1] (Tg), density[2],
viscosity.

To validate the forcefields already available, molec-
ular dynamics simulations of cis and trans isomers of
Polyisoprene and Polybutadiene using both all-atomistic
and united-atom models are performed. Extensive
micro-second simulations are conducted at various tem-
peratures to assure complete equilibration of polymer
melts. Physical properties like diffusion coefficient, radius
of gyration and heat of vaporization, viscosity and density
as a means of evaluating glass transition are calculated.
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Obtained density and Tg values are validated with respect
to experimental values. Novelty lies in the determination
of Tg for all-atomistic models of these polymers, which
is still not reported. In all the cases Tg obtained from
all-atomistic models is found to be more accurate than
united atom models. Effect of chain length on glass
transition and density is also investigated.
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Block Copolymer composites have gained significant at-
tention due to the potential application in the field of
nanoscience and nanotechnology. Block copolymers un-
dergo microphase separation to form various microstruc-
tures e.g. lamellar, gyroid, cylindrical, cubic phases
depending on composition and segregation strength[1].
Thus, it can act as template to organize doped nanomate-
rials into different 3-D self- assembled structures located
within the block copolymer matrix. Gyroid phase is one
of the microstructures formed by block copolymer. It has
curved interfacial surface providing confinements through-
out the matrix[2], and thus can regulate the shape and
sizes of self-assembled nanorods doped in it.

Mesoscale simulations of composite of block copolymer
and nanorods have been performed to explore the struc-
ture of bundles formed by aggregation of nanorods of
different flexibilities in gyroid phase. Bundles of different
shapes and sizes have been found to be formed depending
upon the nanorod flexibility and copolymer-nanorod
interactions. The shape anisotropy and radius of gyration
of bundles situated at different interfacial confining loca-
tions of block-copolymer matrices have been investigated
as function of nanorod flexibility, nanorod-copolymer
miscibility.
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Stoichiometric compositions of ferrites with the chemical
formula CoDyxFe2−xO4 with x=0, 0.1, 0.15 and 0.2
were prepared by the standard chemical co-precipitation
method. X-ray diffraction analysis confirmed the cubic
spinel structure of the prepared samples. The structural,
morphological, magnetic and dielectric properties were
studied by X-ray diffraction, infra-red spectroscopy (IR),
Transmission electron microscopy (TEM), vibrating
sample magnetometry (VSM) and Impedance Analyser.
Lattice constant, crystallite size and density were esti-
mated using Reitveld analysis. IR measurements show
the characteristic ferrite bands. The cation distribution
estimated by the X-ray diffraction are supported by
magnetization. The force constants for tetrahedral
and octahedral sites were calculated and found to vary
with Dy3+ ions content. The saturation magnetization
increases with Dy3+ content. Spin orbital coupling is
much stronger in rare earth ions than in 3d transition
metal ions and would contribute to increase in TB and
saturation magnetization when Dy3+ ion partially replace
Fe3+ in CoFe2O4 nanoparticles. The frequency dependent
dielectric measurements were performed in the range of
75 KHz to 10 MHz. The mechanisms involved will be
presented.
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We study a multispecies two lane driven lattice gas model
with open boundaries in which lane switching mechanism
occurs in a correlated manner. The lane switching mech-
anism of the species is such that it favours lane switching
when oppositely directed species meet on the lane.

We focus our attention on regime where the lanes
are weakly coupled. We find that the interplay of the
boundary loading/offloading processes the lane switching
mechanism can lead to phase segregation between the
lanes and localized density shocks. We find the Mean
Field (MF) steady state profiles and find that they
match well with the Monte Carlo (MC) profiles obtained
by numerical simulation. Further we obtain the phase
diagram corresponding to the same. This model might be
useful in context of modelling vesicular cargo transport
on multifilament lanes, with (off)loading of cargoes at the
filament ends.
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Noble metal quantum cluster belongs to new category
of nanomaterial[1-2] with defined optical absorption
properties and intense luminescence. The metal core with
shell nanocomposites is very interesting as they have wide
applications in solar energy conversion, microelectronics,
optical and photocatalyst. So combination of two nano-
materials may be suitably designed to yield enhanced
optical and catalytic properties utilizing the possibility
of photo excitation of electron from TiO2 shell. Core
shell has been intensively studied for their potential to
have specific optical electronic magnetic and catalytic
properties. Use of dielectric material such as metal oxide
for shell coating can allow further tunning the properties
of metal core. Most economic way to synthesize small
metal core is through wet chemical method. Capping
the metal cluster with by organic moiety is prone to
chemical oxidation especially under light. So, to overcome
from this the encapsulation of each cluster with a shell
of inert material like metal oxide was proposed. The
preparation of uniform oxide protected metal colloids can
be facilitated by slow and steady growth of oxide layer on
metal core and stability of metal colloid. As Ti alkoxides
undergoes very fast hydrolyzed with water so we need to
control the rate of hydrolysis. Here we used Titanium
isopropoxide as Ti precursor and acetylacetone was used
as complexing agent to make a shell around AgAu@MSA
cluster. Characterization is done by UV-Visible, fluores-
cence spectroscopy, XRD and SEM, TEM etc.
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Diabetes, especially type 2 diabetes (which is strongly
associated with the modern diet and life-style), has
developed worldwide into an epidemic disease with an
high impact over the developing countries like India.
Diabetes imposes a heavy burden on public health as it is

one of the leading causes of mortality. Although several
drugs (including Insulin) are used for the treatment of the
diseases, none of these drugs offers complete remission of
the disease; moreover, these drugs have limited efficacy.
Herbal medicines have been widely used around the world
against diabetes since ancient times. The advancement
of phyto-chemical and phyto-pharmacological sciences
has enabled elucidation of the composition and biological
activities of several medicinal plant products. The effec-
tiveness of many species of medicinal plants depends on
the supply of active compounds. Most of the biologically
active constituents of extracts, such as flavonoids, tannins,
and terpenoids, are highly soluble in water, but have low
absorption, because they are unable to cross the lipid
membranes of the cells, have excessively high molecular
size, or are poorly absorbed, resulting in loss of bioavail-
ability and efficacy. Some extracts are not used clinically
because of these obstacles. It has been widely proposed
to combine herbal medicine with nanotechnology, because
nano-structured systems might be able to potentiate the
action of plant extracts, reducing the required dose and
side effects, and improving activity. Nano-sized drug
delivery systems of herbal drugs have a potential future
for enhancing the activity and overcoming problems
associated with plant medicines Nano-systems can deliver
the active constituent at a sufficient concentration during
the entire treatment period, directing it to the desired
site of action. Conventional treatments do not meet these
requirements. The purpose of this study is to review
nanotechnology-based drug delivery systems and herbal
medicines for diabetes research and management.
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