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Message

IACS, Kolkata

I am very happy to note that the Thirteenth Symposium on 
Polymer Science and Technology (Macro 2015) of the 
Society of Polymer Science, India is being held at the Indian 
Association for the Cultivation of Science, Kolkata, from 
January 23-26, 2014.  The first such symposium was held at 
CSIR-National Chemical Laboratory, Pune in January 1991, 
which led to the formation of a national society dedicated to 

polymer science.  Thus, 2015 also marks the beginning of the silver jubilee 
year of the Society.
The venue of the Thirteenth Symposium is most appropriate as IACS, 
Kolkata was the cradle of polymer science research in India.  Professor 
Shanti Palit built the first school of polymer science in this institution in 
1950.  IACS is also one of India's oldest and venerated research institution, 
established in 1876, with a distinguished tradition of excellence in research 
in chemical and physical sciences.
The response to the symposium has been heartening with a large number 
of Indian and overseas delegates as well as students.  I am particularly 
gratified to note that both, the American Chemical Society and the Royal 
Society, UK are participating in the symposium, bringing a global 
dimension to the meeting.
Polymer science and its application continue to be extremely relevant and 
significant to India.  India, along with China is witnessing the fastest growth 
in consumption of polymers.  Alongside with emerging needs in energy, 
water, health, housing, transportation and communications, advanced 
polymer materials are seeing a great resurgence.  I am, therefore, confident 
that the Indian polymer science community will not be short of challenges 
with great opportunities beckoning them.
I wish the Symposium all success.

Dr. S. Sivaram
CSIR-National Chemical, Pune
President Socity of Polymer Science, India
Council Member, Federation of Asian
Polymer Societies
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On behalf of the organizing committee I take the 
opportunity to welcome you all at Indian Association for the 
Cultivation of Science (IACS) for this four days international 
symposium on Polymer Science & Technology – Macro 2015. 
IACS, founded by Dr. Mahendra L. Sirkar on 1876, is the oldest 
research institute of our country where Sir C.V. Raman 

discovered the Raman Effect winning Nobel Prize in physics in 1930. The 
polymer research in our country also started here under the leadership of 
the eminent Prof. S. R. Palit from 1947. 
This conference is held under the umbrella of The Society for Polymer 
Science – India, celebrating its silver jubilee year, and is organized jointly by 
Kolkata and Kharagpur chapters of the society. Faculties of the leading 
institutes of eastern part of the country (IACS, Calcutta University, IISER 
Kolkata, Barasat State University and IIT Kharagpur) are involved in 
organizing the conference. In the event eminent polymer scientists from 
Asia, Australia, Africa, America and Europe are participating in delivering 
scientific and technical lectures along with discussions from some persons 
of polymer industries and instrument companies. The majority of scholars 
are involved in presenting their work in poster form. We wish a good 
scientific interaction & discussion between them and enjoyable& peaceful 
stay in Kolkata. We heartily thank them for taking pain for their long journey 
to come here and to discuss their valuable research findings amongst the 
participants.
It is important to mention here that American Chemical Society has 
sponsored the conference by giving eight poster prizes, advertisements 
and a lunch on meet of editors of Macromolecular Journals. Royal Society of 
Chemistry is also involved by sponsoring the conference. Dept. of Science & 
Technology and Dept. of Electronics & Information Technology of Govt of 
India have generously sponsored this conference. Also some polymer 
industries and instrument companies of the country have sponsored the 
conference and without these helps it would be difficult to manage the 
expenses of the conference.          
To run this mega event of 650 registered participants our Director and 
Registrar have extended full infrastructural and technical supports from 
space, electricity, water and cleaning facilities. The effort of our students 
and staff members must be mentioned for arranging peaceful and smooth 
boarding, lodging and transports to the participants. The tireless efforts of 
my fellow colleagues, (T. K. Mandal, D. Chattaopadhyay, S. Malik and others), 
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for the past few months have brought the conference to the light of the day. 
I take the humble opportunity not only giving thanks to all of them but I 
deeply appreciate their encouragement to make it a healthy and successful 
event. It would be the happiest and successful moment to the organizes if 
the participants, specially our younger colleagues, gain some new 
knowledge helping to envisage new ideas to cater the future research of 
polymer science in some newer directions for the benefit of human 
civilization. 

Prof. Arun K. Nandi
FASc. Senior Professor & Head 
Polymer Science Unit,
IACS Kolkata,
Chairman, Macro 2015        
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The exciting and rewarding world of polymers 
M. M. Sharma 

Emeritus Professor of Eminence, ICT, Mumbai 
 

 
“Just remember one word ...... PLASTIC” 

From the motion picture The Graduate (1967) 

 

The greatest contribution of Chemistry to society has been though plastics and it 
is appropriate to say that we live in Plastic Age. Plastics are hallmark of 
conservation of energy compared to steel and glass, and lend themselves for 
recycling. Plastics are environmentally friendly functional materials and conserve 
water. We are heading for production of polymeric materials at 1 mtpd.    

The Plastic products have a fascinating, bewildering and even bizarre range of 
properties. Plastics can be rigid as well as flexible and provide barrier properties. 
The success of making available potable water from brackish and saline water, in 
a benign way, can be attributed to polymer based membranes. The full range of 
membrane separations from micro to ultra filtration, RO and now, in the course of 
last few years, nanofiltration which allows molecules of mol. wt. more than 200 to 
be retained and can distinguish between monovalent and divalent ions. The 
advent of Nafion membranes, a product required in the space programme, has 
allowed caustic/ chlorine to be produced in a neat way with reduction in energy 
consumption. 

Plastics can be processed in a remarkably simple way. Emulsion polymers have 
made an extraordinary impact on the surface coating industry. Reactor designs 
are available to take care of very large variation in viscosity during polymerization. 
Recent success in free radical aqueous emulsion polymerization of ethylene with 
vinyl acctate/ethyl acrylate can be cited as yet another example. Even stearyl 
 acrylate which is water insoluble has been emulsion polymerized with 
cyclodextrin as phase transfer agent. Block copolymers have been used for 
photolithography. Ionomers have been used for supramolecular polymer 
systems. Another success has come through the novel metathesis based 
polymerization. Thermoset resins which can be broken down are under 
development. 

The quality of life has witnessed a remarkable change with the availability of 
superabsorbent polymers which are essential components of diapers and sanitary 
towels. Composites have led to reduction in weight of vehicles and aircrafts 
thereby resulting in energy conservation. Fiber glass reinforced plastics can be 
used in harsh environment. Elastomeric fibers made a major impact. 
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Polymers already feature in numerous biomedical applications, including drug 
delivery systems. Even hip joints depend on plastics. The use of membranes for 
kidney patients is a remarkable example of using in the form of hollow fibers. 

The industry makes polyvinyl pyrolidone which is used in tableting in pharma 
industry. It is fascinating that we have medicines based on polyallylamines cross 
linked with epichlorohydnin for phosphorus containing substances to be 
removed for kidney patients. Similarly potassium in blood is managed by using 
polystyrene sulfonic acid. 

Ion exchange resins have allowed purification of water to reduce dissolve salts to 
ppb level, as required in high pressure boilers for power generation. Cationic ion 
exchange resins as catalyst have made a great difference to homogeneous acidic 
catalysts to increase yield and prevent pollution. 

Plastics have been very handy to make micro irrigation possible. PVC pipes and 
HDPE pipes are now used extensively and have replaced metals and alloys based 
pipes. Thermoplastic elastomers have allowed injection moulding and avoided 
unfriendly vulcanization of rubbers. 

Plastics also epitomize more from less. Thus polyphenylene oxide is blended with 
much cheaper polystyrene to make processing possible. How fillers are useful in 
PP/PE? It is useful to look at polyaramid fibers which allow bullet proof chests. We 
are now witnessing use of polypropylene for currency notes, which will not soil. 

Packaging industry has seen revolutionary challenges as exemplified by 
polyethylene films, woven sacks, foamed polystyrene, PET bottles for mineral 
water, oral medicines, etc. PET bottles are safe in kitchens compared to glass 
bottles which are not only very heavy put also pose a danger should they slip and 
fall. PET is recyclable. 

Insulation has been made so much easier with polymeric substances and let us 
recollect how during the second war insulation of radar was made possible with 
polyethylene. 

Polymers play a vital role in sports and entertainment from the classic table tennis 
balls to badminton and golf rackets, etc. Even turf for Olympics was made from 
polyethylene. 

The broad field of macromolecular science has never been more vibrant. Driven 
by stunning fundamental advances in many fields: Methods of polymerization; 
interfacial polycondensation, including phase transfer catalysis; theory, 
simulation and modeling; methods of characterization. From an engineering 
point of view the use of fluidized bed reactors for large capacity 
LLDPE/HDPE/PP/EPR can be cited as a real advance in 1970’s. Polycarbonates can 
be made without phosgene. However, we are still humbled by nature which 
produces natural rubber at ambient conditions, formation of silk fiber directly, 
shellac, etc.  
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In the recent past there has been a penchant to use renewable raw materials and 
we have polylactic acid, polyhydroxyalkanoates, etc. However, we seem to have 
forgotten cellulose acetate/ butyrate and even ethyl cellulose which were used 
for a while for apparel wear. Nylon 11 was made from castor oil as a starting 
material. Many polyols for urethanes have been made from renewable raw 
materials like castor oil and other vegetable oils. We made LD polyethylene 
starting from ethyl alcohol but had to give up. Even butadiene was made from 
alcohol and given up. This area will witness developments and we have 
challenges to valorize bagasse, including lignin. 

We need to recognise that several years have gone and we do not have any new 
plastic, synthetic fiber, and synthetic rubber. Known products have been 
modified and this includes some new polyesters, polyamides, etc. Recycling will 
come center stage.       

It is heartening that a number of Nobel Prize have gone to Polymer Scientists: 
Herman STAUDINGER (1953); KARL ZIEGLER and GIULIO NATTA (1963); PAUL 
FLORY (1974); BRUCE MERRIFIELD (1980); PIERRE DEGENNES (1991); A. J. HEEGER, 
ALAN MACDIARMID and H. SHIRAKAWA (2000). Alas CAROTHERS could not be 
given for Nylon 66- the archetype of discovery and market driven product, as it is 
not given posthumously.  
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Halogen bonds, hydrogen bonds, and multivalent 
interactions for self-assemblies at different length scales 

Olli Ikkala* and Nikolay Houbenov 
Aalto University, Department of Applied Physics, P.O. Box 15100, 

FIN-00076 Aalto, Espoo, Finland 
*Olli.Ikkala@aalto.fi 

 
Polymeric self-assemblies incorporating supramolecular motifs allow hierarchies 
and tuning of the properties (1). However, polymeric self-assemblies do not 
typically render overall alignment or monodomain structures unless additional 
fields are imposed. In Politecnico di Milano/Aalto University collaboration we 
show that halogen bonding of iodoperfluoroalkanes to hydrophilic polymers 
allows self-assemblies in the nanometer periodicity that spontaneously align up 
to millimeter length scale (2). As structures exist also at smaller length scale due 
to the laterally packed fluorinated rods, the self-assembly is hierarchical. Self-
assemblies involving larger length scale periodicities can be achieved by 
incorporating colloidal structural motifs. We incorporate cellulose nanocrystals as 
rod-like colloidal motifs. In Leibniz Institute/Aalto University collaboration, we 
show by high resolution transmission electron tomography that multivalent 
interactions based on maltose-decorated dendronized polymers allow wrapping 
around cellulose nanocrystals (3). This suggests routes towards supracolloidal 
self-assemblies. Finally we show that cellulose nanocrystals decorated by 
polyacrylate side chain brushes allow toughened materials, where cracks do not 
propagate catastrophically (4). This suggests design principles to incorporate 
sacrificial bonds within colloidal assemblies for synergistic mechanical properties 
for biomimetic materials. 
 
 
 
 
 
 
 
 
 
 
 
References 
[1] Ikkala, O.; Houbenov, N.; Rannou, P. In Handbook of Liquid Crystals, editors Goodby, J.W.; Collings, 

P.J.; Kato, T.; Tschierske, C.; Gleeson, H.; Raynes, P., 2014, Vol VII, pp. 541-598. 
[2] Houbenov, N.; Milani, R.; Poutanen, M.; Haataja, J.; Dichiarante, V.; Sainio, J.; Ruokolainen, J.; Resnati, 

G.; Metrangolo, P.; Ikkala, O. Nat. Comm., 2014, 5, 4043. 
[3] Majoinen, J. Haataja, J; Appelhans,  D.; Lederer, A.; Olszewska, A.; Seitsonen, J.; Aseyev, V.; Kontturi, E.; 

Rosilo, H.; Österberg, M.; Houbenov, N.; Ikkala, O. J. Am. Chem. Soc., 2014,136, 866–869. 
[4] McKee, J.R. Huokuna, J.; Martikainen, L.; Karesoja, M.; Nykänen, A.; Kontturi, E.; Tenhu, H.; 

Ruokolainen, J.; Ikkala, O. Angew. Chemie, Int. Ed. 2014, 53, 5049-5053. 
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Transporting Charged Macromolecules: Ubiquity and 
Conceptual Challenges 

M. Muthukumar 
University of Massachusetts, Amherst, MA 01003 

 
 

Movement of a charged macromolecule from one location to another is a vital 
process for the existence of life, as well as in executing myriads of technological 
applications. Yet, this ubiquitous phenomenon remains as one of the less 
understood phenomena in macromolecular science. The richness of the 
phenomenology on polymer movement in aqueous solutions will be illustrated 
with experimental data on diffusion and electrophoretic mobility, in both bulk 
solutions and through nanopores. The challenge in understanding their behavior 
lies on the coupling among several factors, such as macromolecular 
conformations, hydrodynamics, electrostatic forces, and confinement forces. 
These concepts will be described against a background of single-molecule 
electrophoresis experiments. Specifically, the movement of DNA/RNA, proteins, 
and synthetic polyelectrolytes in bulk and through protein/solid-state nanopores 
under an external electric field will be discussed. Implications on evolutionary 
issues and nanotechnology will be presented.  

 
 

 

  



11 

   

Conjugated Polyelectrolytes as Functional Interlayers of 
Electronic Devices  

BergischeUniversität Wuppertal, Macromolecular Chemistry Group (buwmakro) and 
Institute for Polymer Technology, Gauss-Str. 20, D-42119 Wuppertal, Germany 

Ullrich Scherf  

scherf@uni-wuppertal.de 
 

The mission of organic electronics is to develop electronic and optoelectronic 
devices based on organic materials. The lecture presents a series of novel, 
conjugated polyelectrolytes (CPEs), including cationic, anionic as well as 
zwitterionic CPEs and their use as functional interlayers of organic electronics 
devices, especially bulk-heterojunction-type organic solar cells.  
A key challenge towards stable and efficient organic solar cells is to develop 
solution-processed interlayers for improved and stable extraction of electrons 
and holes. The introduction of CPE-based interlayers (until now mostly cathode 
interlayers) can lead to a significantly improved charge extraction to the 
electrode, both for conventional [1,2] and inverted device architectures (see 
Scheme) [3-5].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: 
[1] J. H. Seo, A. Gutacker, Y. Sun, H. Wu, F. Huang, Y. Cao, U. Scherf, A. J. Heeger, G. C. Bazan, J. Am. Chem. 

Soc.2011, 133, 8416.  
[2] U. Scherf, R. C. Evans, A. Gutacker, G. C. Bazan, All-Conjugated Rod–Rod Diblock Copolymers 

Containing Conjugated Polyelectrolyte Blocks, in: Conjugated Polyelectrolytes: Fundamentals and 
Applications, Eds. B. Liu, G. C. Bazan, Wiley-VCH, 2013, chapter 2, pp 65–89. 

[3] K. Zilberberg, A. Behrendt, M. Kraft, U. Scherf, T. Riedl, Org. Electron.2013, 14, 951. 
[4] J. Min, H. Zhang, T. Stubhan, Y. N. Luponosov, M. Kraft, S. A. Ponomarenko, T. Ameri, U. Scherf C. J. 

Brabec, J. Mater. Chem. A2013, 1, 11306. 
[5] also as cathode interlayers for perovskite solar cells: H. Zhang, H. Azimi, Y. Hou, T. Ameri, T. Przybilla, E. 

Spiecker, M. Kraft, U. Scherf, C. J. Brabec, Chem. Mater. 2014, dx.doi.org/10.1021/cm502864s 
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Processing of PVDF Films 
Devang Khakhar 

Department of Chemical Engineering, 
Indian Institute of Technology Bombay, Powai, Mumbai 400076 

 
Poly (vinylidene fluoride) (PVDF) has excellent piezoelectric properties and used 
in applications such as sensors, actuators and switches. PVDF has several crystal 
phases of which the α-phase is mostcommonly obtained by melt processing. The 
β-phase, which has the required electrical properties, is obtained from the α-
phase by cold drawing and electrical poling. The processing PVDF films by means 
of the blown film and cast film processes and their characterization will be 
reviewed. The drawing and poling of the films to obtain the β-phase with good 
piezo-electric properties will be discussed with reference to processing 
parameters. The role of nucleating agents to obtain the β-phase will be 
presented. 
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From Chain Folding to 2-D polymers 
S. Ramakrishnan 

Department of Inorganic and Physical Chemistry, 
Indian Institute of Science, Bangalore 560012 

raman@ipc.iisc.ernet.in 

 
Control of chain conformation in solution has several interesting ramifications – 
from mimicking the exquisite conformational control seen in biological 
macromolecules to understanding factors that govern the lamellar crystallite 
sizes in semi-crystalline polymers. During the past decade we have examined 
several aspects dealing with control of chain conformation in solution; and we 
have also attempted to translate this control towards regulating the 
morphological characteristics of the bulk polymer. The lamellar morphology that 
is often realized in these attempts leads to the layering of different types of 
immiscible domains; a closer examination of these layered structures prompted 
us to begin exploring the similarity between these systems and 2D polymers. 2D 
polymers have begun to attract the attention of several groups world-wide; 
although many early efforts have examined polymerization at air-water interfaces 
and also within vesicles, these do not typically constitute robust structures that 
would withstand exfoliation. One of the prime drivers of this field is graphene, 
which could be viewed as the archetypical 2D polymer – a robust and reasonably 
stiff system that can be readily exfoliated to generate single atom-thick carbon 
sheets. The remarkable properties of graphene amply justify the incredible 
attention that this class of materials has received during the past decade. As a 
polymer chemist one can ask – what are the possible design strategies to prepare 
2-dimensional polymers? Evidently, folding of polymer chains does constitute 
one way to generate 2-D polymeric nano objects; the thickness of these sheets 
would be the height of a folded chain – something we have recently 
demonstrated. However, these are not robust structures that can be prepared in 
bulk and exfoliated. It is with this challenge that we have just begun to examine 
alternate approaches to prepare 2D polymers; broadly, our strategy is to pre-
organize multi-segmented monomers bearing at least two polymerizable units at 
the segment junctions. The pre-organization is designed to be driven by segment 
immiscibility and strengthened by the strong interactions, such as crystallization, 
within the domains; polymerization of the double bonds in the solid or semi-
molten state it was expected would lead to the formation of a cross-linked and 
reasonably stiff sheet that would represent a 2D polymer. By suitable choice of 
the outer segments, it was felt that exfoliation could be made feasible. In the talk, 
I shall describe our efforts beginning with chain folding and I shall end with our 
recent foray into 2D polymers.  
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Boronic Acids Block Copolymers: Sugar-Responsive 
Delivery Agents and Dynamic-Covalent Biomaterials 

William L. A. Brooks,1 Soma Mukherjee,1 Abhijeet P. Bapat, 
2Brent S. Sumerlin

1George & Josephine Butler Polymer Research Laboratory, 

1* 

Center for Macromolecular Science & Engineering, 
Department of Chemistry, University of Florida, Gainesville, Florida, USA  

2Department of Chemistry, Southern Methodist University, Dallas, Texas, USA  
*sumerlin@chem.ufl.edu 

 
This presentation will discuss our results in two areas of responsive polymeric 
nanomaterials that derive their responsive utility from boronic acid functionality. 
The first topic of the presentation will discuss glucose-responsive polymers and 
their potential to be employed in the area of sugar-induced release of diabetes 
therapeutics. Boronic acid-containing block copolymers were shown to be both 
pH- and glucose-responsive in aqueous media, which led to unique adaptive self-
assembly behavior. Polymeric micelles and vesicles constructed from these block 
copolymers were capable of encapsulating model therapeutics and allowing their 
release upon an increase in the surrounding glucose concentration. The second 
topic of the presentation involves our recent results in the area of dynamic-
covalent nanomaterials. Macromolecules of various complex topologies were 
constructed via dynamic-covalent linkages, including boronic esters, Diels-Alder 
adducts, disulfides, and hydrazones. Diblock copolymers with one reactive block 
and one “passive” block were prepared by reversible addition-fragmentation 
chain transfer (RAFT) polymerization. Addition of a complimentary difunctional 
small molecule led to intermolecular crosslinking of the reactive block to result in 
star copolymers with cores crosslinked via dynamic-covalent bonds. The kinetics 
of self-assembly and the morphology of the resulting stars were investigated as a 
function of block copolymer and crosslinker concentrations and stoichiometry. 
The reversible nature of the crosslinks within the cores allowed the stars to 
reversibly reconfigure their macromolecular topology via competitive exchange 
reactions or by manipulation of the dynamic-covalent equilibrium. 
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Next Gen. Polymeric Materials : Growth Strategies and 
Technological Opportunities 

Ajit Sapre 
Reliance Research and Development Centre, Reliance Industries Limited, 

Reliance Corporate Park, Navi Mumbai 400 701 India 

 
Exponential growth in different sectors such as Auto, Agriculture, Medicals, 
Packaging, Space, Electrical & Electronics etc. has provided impetus  for the 
development of next generation high performance polymeric materials with 
different functionalities. Furthermore, alternative feed-stocks such as renewable 
and use of biotechnology are creating opportunities for newer polymeric 
materials. The present talk will cover current polymeric materials and emerging 
trends in next generation polymeric materials with possible alternative feed-
stocks. Multidisciplinary approach involving chemical and biological sciences in 
combination with engineering & advanced modeling, and effective public private 
partnerships for driving frontiers of innovation to create new value added 
products could speed up the development cycle from Mind to Market. 
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New materials from simple transformations of an amino-
substituted polysiloxane by addition of carboxylic acids 

Yong He1,2 , Hui Zhao1,2  and Richard G. Weiss
1College of Materials Science and Engineering, 

2,3* 

Beijing University of Chemical Technology, Beijing 100029, China. 
2Department of Chemistry and 3Institute for Soft Matter Synthesis and Metrology, 

Georgetown University, Washington, DC 20057-1227, USA. 
*weissr@georgetown.edu 

 
Changes in rheological, adhesive, and some preliminary swelling properties are 
reported when a variety of mono- and di-carboxylic acids is added to 6-7PSil, a 
polysiloxane in which 6-7 % of the side groups contain a primary amine 
functionality.  Although the specific properties of the resultant quaternary salts 
depend on the amount of added acid, most of the studies here have been 
conducted on materials made at 1:1 amine:acid ratios. The salts are found to 
behave very differently than the unquaternized precursor, 6-7PSil.  The changes 
are correlated with (especially) the structures of the 7 mono- and 6 di-carboxylic 
acids added.  In addition, the nature of the materials made from in situ photo-
polymerization of unsaturated carboxylic acids that were added to the 6-7PSil are 
reported. The results demonstrate that a simple transformation of the amino 
functionalities of a polysiloxane, such as 6-7PSil, to their quaternized form, leads 
to materials with significantly enhanced rheological and adhesive properties. 
Furthermore, those properties can be modulated by the acid structure, the 
amount of acid added, and by polymerizing unsaturated carboxylates in situ, 
creating interpenetrating networks. The potential for applying the 
methodologies employed here to other polymers and non-carboxylic acids is 
noted. The results will be compared with those from addition of CO2 or CS2 to 6-
7PSil [1]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference: 
[1]  Yu, T.; Wakuda, K.; Blair, D. L.; Weiss, R. G. J. Phys. Chem. C 2009, 113, 11546-11553. 
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Biomimetic polymersomes from controlled 
self-assembly of block copolymers 

S. Lecommandoux* 
LCPO, UMR CNRS 5629,Université de Bordeaux, 

Bordeaux-INP, 33600 Pessac, France 
*Lecommandoux@enscbp.fr 

 
Polymersomes are among the most attractive systems for drug delivery 
applications. We report here an overview on the self-assembly in water of 
amphiphilic block copolymers into polymersomes, and their applications in 
loading and controlled release of both hydrophilic and hydrophobic molecules 
and biomolecules. We pay special attention to polysaccharide and polypeptide-
based block copolymer vesicles. These copolymers that mimic the structure and 
function of glycoproteins represent an example of the effectiveness of a 
biomimetic strategy in implementing materials design. In addition, magnetic 
polymersomes, including iron oxide γ-Fe2O3 nanoparticles are currently 
investigated, together with their potential applications as contrast agent for 
imaging and as therapeutic nanoparticles using hyperthermia. In vitro and in vivo 
efficacy results on different cancer models will be presented. Finally our recent 
advances in using “biomimicry approaches” to design complex, 
compartmentalized materials will be proposed. Such a system constitutes a first 
step towards the challenge of structural cell mimicry and functionality. 
 
 
 
 
 
 
 
 
 
 
References: 
[1] (a) Upadhyay, KK.; Bhatt, A.N.; Mishra, A.N.; Dwarakanath, B. S.; Jain, S.; Schatz, C.; Le Meins, JF.; 

Farooque, A.; Chandraiah, G.; Jain, AK.; Misra, AK.; Lecommandoux, S.Biomaterials2010, 31, 2882. (b) 
C. Bonduelle, S. Lecommandoux. Biomacromolecules2013, 14, 2976-2983. (c) Bonduelle, C. ; Huang, 
J. ; Ibarboure, E. ; Heise, A. ; Lecommandoux, S. Chem. Commun.2012, 48, 8353. (d) Huang, J. ; 
Bonduelle, C. ; Thévenot, J.; Lecommandoux, S. ; Heise, A. J. Am. Chem. Soc.2012, 134, 119. 

[2] (a) Sanson, C. ; Diou, O. ; Thevenot, J. ; Ibarboure, E. ; Soum, A. ; Brulet, A. ; Miraux, S. ; Thiaudiere, 
E. ;Tan, S. ; Brisson, A. ; Dupuis, V. ; Sandre, O. ; Lecommandoux, S. ACS Nano2011, 5, 1122. (b) 
Oliveira, H. ; Pérez-Andrés, E. ; Thevenot, J. ; Sandre, O. ; Berra, E. ; Lecommandoux, S. J. Control. 
Release2013, 169, 165. (c) Pourtau, L. ; Oliveira, H. ; Thevenot, J. ; Wan, Y. ; Brisson, A. ; Sandre, O. ; 
Miraux, S. ; Thiaudiere, E. ; Lecommandoux, S. Advanced HealthcareMaterials2013, 2, 1420-1424. 

[3] Marguet, M.; Edembe, L.; Lecommandoux, S. Angew. Chem. Int. Ed. 2012, 51, 1173. (b) Marguet, M.; 
Sandre, O.; Lecommandoux, S. Langmuir2012, 28, 2035. (c) Marguet, M. ; Bonduelle, C. ; 
Lecommandoux, S. Chem. Soc. Rev.2013, 42, 512-529. (d) R. J. R. W. Peters, M. Marguet, S. Marais, M. 
W. Fraaije, J. C. M. Van Hest, S. Lecommandoux. Angew. Chem. Int. Ed.2014, 53, 146-150. 
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Surface and Interface Engineering with Polymer Brushes 
Harm-Anton Klok 

Ecole Polytechnique Fédérale de Lausanne (EPFL), Institut des Matériaux 
 Laboratoire des Polymères, Station 12, CH-1015 Lausanne (Switzerland) 

*harm-anton.klok@epfl.ch 
 

Thin polymer coatings are of great importance to control the interactions of 
synthetic materials with other materials (lubrication, wear), the environment 
(corrosion) as well as biology (marine antifouling). Modern polymer science offers 
unprecedented opportunities to chemically engineer the properties of surfaces 
and interfaces. This presentation will discuss three aspects. The first part of the 
presentation will introduce modern controlled/”living” radical polymerization 
techniques and “polymer brushes” (chain-end tethered monomolecular 
assemblies of densely grafted polymer chains) and present the scope and 
possibilities of these approaches to chemically modify surfaces and interfaces. 
The second part of the presentation will address the need for accurate surface 
chemical characterization and the challenges related to the precise determination 
of the localization and distribution of functional groups in thin polymer films. The 
presentation will end with 3 brief showcases that illustrate the use of modern 
polymer science tools to develop ultrathin polymer films that possess sensory 
properties, which can be used to control fluid flow or to template the controlled 
growth of metallic or non-metallic inorganic films on complex, 3D structured 
substrates. 
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The microelectronics industry and especially the organic electronics industry 
continue to demand new innovative materials. Besides the active (conducting 
and semiconducting) materials, also the insulating materials in between, the 
dielectrics, as well as materials with special optoelectronic properties are highly 
important since they determine significantly the final performance of the device. 
Recently, the development of the Kumada Catalyst-Transfer Polycondensation 
(KCTP)[1] allowed for preparing conjugated polymers of high molar mass precision 
in a living manner enabling end group control and eventually block copolymer 
formation. We will demonstrate how KCTP has been effectively used for the 
preparation of new donor-acceptor block copolymers involving Nitroxide-
Mediated Radical Polymerization (NMRP) and effective cesium-mediated polymer 
analogous esterification.[2] Furthermore, the successful controlled preparation by 
KCTP of dithienosilole (DTS) based conjugated polymers as well as block 
copolymers with thiophene could be realized using this protocol.[3] These 
structures are highly interesting as stable active materials of printed organic field 
effect transistors (OFETs). 
In the area of insulating materials high performance hyperbranched (hb) 
polymers (e.g. hbpolyphenylenes, hb-PPh) offer significant potential in the 
application as gate dielectric material which can be adopted for high 
performance OFETs by design-matching with the respective semiconducting 
material. The branching provides the highly needed solubility and allows solution 
processing or even processing by printing techniques. For multilayer device 
preparation, we also developed suitable crosslinking strategies which can be 
thermally or photochemically induced.[4] Furthermore, hyper-branched 
polyvinylsulfides through thiol-yne addition[5] proved to be excellent candidates 
for high refractive index materials well suited for efficient light out-coupling from 
OLEDs. 
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The helix is a central structural motif for biological macromolecules and plays a 
key role in their sophisticated functions, such as chiral and molecular 
recognitions, enantioselective catalysis, and replication. Here we present unique 
macromolecules and oligomers that fold into a preferred-handed single- or 
double-stranded helical conformation induced by chiral pendants covalently 
bonded to the main-chains or external chiral stimuli followed by memory of the 
helical chirality [1]. The direct observations of helical structures of synthetic helical 
polymers, foldamers, and supramolecular helical assemblies by atomic force 
microscopy (AFM) will be also presented [2]. A series of double helices composed 
of different components and sequences that exhibit specific functions, such as 
chirality sensing, chiral recognition, enantioselective asymmetric catalysis, and 
anisotropic spring-like motion are also described [3]. 
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Supramolecular polymers are a class of nonconventional macromolecular 
architectures formed by the “bottom-up” self-assembly of organic molecules. 
While a large number of different molecular systems have been used as the 
building blocks, linear π-systems such as p-phenylenevinylenes, and p-
phenyleneethynylenes are of interest due to the formation of supramolecular 
architectures of different size, shape and properties.1 In this context, thiophene 
derived molecular building blocks have attracted the attention of chemists due to 
their inherent electronic properties such as electrical conductivity and charge 
carrier mobility. These self-assembled macromolecular structures are of interest 
to the design of organic electronic devices.2 A challenge in this area is the control 
on the morphological features of the p-type assembly when mixed with n-type 
semiconductors. It has been found that the nature of the conjugated backbone 
and the attached functional groups play an important role in controlling the 
morphology and the electronic properties of the supramolecular structures. For 
example, the charge carrier mobility3 of donor-acceptor type self-assemblies that 
form gels are found to be significantly different when compared to the ill-defined 
structures. Upon increasing the conjugation length they show very high 
conductivity.4 We have demonstrated this with gel forming thienylenevinylenes 
which results in fibrous structures with high conductivity. These donor gelators 
upon mixing with an acceptor, PBI, forms self-sorted assemblies at molecular level 
and self-aligned fibers at supramolecular level, resulting in co-axial 

heterojunctions with enhanced 
photoconductivity and charge 
carrier mobility.5 These systems 
may be appropriate to the design 
of bulk heterojunction 
photovoltaic devices. Details of 
these studies will be presented. 
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We recently developed a novel approach to engineer unique supramolecular 
polymer brushes (SPBs) which structure is controlled at the molecular level.1-5 Our 
process relies on the conjugation of well-controlled polymeric chains to cyclic 
peptides (CPs) comprised of alternating L- and D- amino acids.6,7 By assembling 
via -sheet-like antiparallel hydrogen-bonding interactions, the cyclic peptides 
direct the assembly of the polymeric chains into polymer brushes. An additional 
feature of these systems is that they can also be used as nanotubes, due to the 
inherent internal channel formed by the stacking of the CPs. In this respect, they 
are unique in that they provide access to internal diameters of sub-nm 
dimensions (typically between 0.7 to 1.2 nm), since the channel size is based on 
the diameter of the peptide cycle. Our strategy to attach polymeric chains to 
cyclic peptides prior to assembly into polymer brushes provides structures that 
exhibit a unique combination of features, which make them ideal candidate to 
form functional supramolecular systems. The synergy between the cyclic peptide, 
which directs the formation of the SPBs and the polymer conjugate, which 
provides functionality, opens the route to a wealth of functional structures. The 
library of materials available is further increased by the modular approach that 
permits to mix conjugates within one SPBs structure (similar to a statistical 
copolymer). Such structures have found applications as drug delivery vectors for 
cancer therapy and transmembrane channels.8  
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Molecular designs that afford tunable supramolecular assemblies are of interest 
in a variety of applications, including catalysis and sensing. When these 
assemblies are nanoscopic in size and are responsive to specific stimulus, then 
the interests in these nanoscale scaffolds are even higher. We have developed 
macromolecule-based amphiphilic supramolecular assemblies, which not only 
exhibit these features, but also can bind guest molecules efficiently. We have also 
shown that these non-covalently bound guest molecules can be released in 
response to specific triggers. The molecular design principle is versatile enough 
to be adapted for physical, chemical, or biological stimuli. From a fundamental 
perspective, we divulge the structural factors that underlie the stimuli-responsive 
behavior of supramolecular assemblies. From an application perspective, the 
implications are numerous.  
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Nanoparticles (Nano) are highly researched topic in recent times. These are used 
in macromolecules (Macro) to improve their properties even at low loading. 
However, most of the nanoparticles are inorganic in nature or having distinct 
surface characteristics, while macromolecules are mostly organic. What happens 
when nano is forced to meet macro? Would the properties of nanoparticle 
change? How would macromolecules embrace these particles? Would there be 
an interface? How thin or thick would be this? Would the nanoparticles adsorb or 
delaminate immediately? If so, when and to what extent? What would be the 
driving force? If a third component is used to assist interaction, what would be its 
role? Could the compatibility between nano and macro be changed? What 
happens when macro and nano are bound by permanent forces? If they grow 
together right from their inception, would it make a difference? If macromolecule 
is attacked by a swelling agent, would the neighboring nanoparticles protect? 
How do they do? The present lecture would attempt to give answer to the above 
questions.  
The nanoparticles that would be referred here are mostly nanoclay, silica, 
expanded graphite, carbon nanotubes, nanofibers, hydroxyapatite etc. The 
macromolecules are either polar or non-polar polymers having various structures. 
Together, under certain conditions, they form nanocomposites. Polymer  
nanocomposites reinforced with low volume fraction of nanofillers have attracted 
great interest due to their fascinating properties. Incorporation of nanofillers such 
as layered and fibrillated silicate clays, carbon nanotubes and nanofibers, calcium 
carbonate, metal oxides or silica nanoparticles into polymers improve 
significantly their mechanical, thermal, dynamic mechanical, electrical, aging, 
barrier, adhesion and flame retardancy properties. What is the mechanism? These 
also significantly alter rheological behavior of a polymer even at low filler loading. 
The properties of nanocomposites depend greatly on the structure of polymer 
matrices, nature of nanofillers, and the method by which they are prepared. It has 
been established that uniform dispersion of nanofillers in polymer matrices is a 
general prerequisite for achieving desired mechanical, rheological and physical 
characteristics. In this paper, some recent developments on polymer 
nanocomposites reinforced with various nanoparticles from our laboratory will be 
addressed. Finally, new insights into understanding the properties of these 
nanocomposites and morphology development will be discussed. Some of the 
applications of these nanocomposites, developed or currently under 
development will be highlighted in this lecture. 
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The development of “smart” functional polymers that respond to changes in the 
environmental conditions has been the target of many research groups in recent 
years. Such ‘smart’ materials are promising candidates to be used in a wide range 
of applications varying from biotechnology, drug delivery, to optical sensing. 
Commonly, stimuli-responsive polymers are investigated that exhibit a solution 
phase transition upon application of an external stimulus, such as temperature, 
pH or concentration of a certain molecule.  
In this contribution, we will discuss our efforts to further enhance the complexity 
and application potential of such smart polymeric materials by making them 
responsive to multiple stimuli, such as temperature and pH, temperature and 
light as well as temperature and ionic strength. The use of these materials will 
demonstrated for dual sensing applications, where a single UV-vis measurement 
of the polymer solution allows determination of both the pH and temperature of 
the solution [1]. In addition, an AND Boolean logic gate will be reported based 
gold nanoparticles coated with thermoresponsive polymers. The color of this 
solution only changes [output] when two stimuli are applied simultaneously, 
namely increasing the temperature [input1] and adding 50mMNaCl [input2] [2,3]. 
A further example will be discussed for pH induced drug delivery, for which a dual 
responsive polymer is developed that both undergoes dehydration and collapse 
upon heating and pH degradation under slightly acidic conditions [4,5]. The main 
advantage of this system is that it allows homogenous dissolution of the polymer 
at low temperatures, useful for conjugation to proteins as well as for drug 
loading, while it collapsed to shield the protein or entrap the drugs. The slow pH 
degradation in the collapsed state at 37 oC then induces slow release of the cargo. 
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Our primary research aim is to create new materials using a combination of 
principles, many of which are inspired by biology.1-10  In addition, the design of 
simple molecules that mimic the complex structures and functions of biology is at 
the heart of our work.  In this presentation, we will illustrate some of these 
principles including facially amphiphilic polymers based on conformationally 
flexible backbones that are antimicrobial.  These synthetic polymers mimic the 
essential physiochemical properties of natural host defense peptides, like 
Magainin and Defensin. We will discuss our newest results in which we have 
successfully mimicked that biological activity of protein transduction domains 
like HIV-TAT. The versatility of these synthetic mimics provides the opportunity to 
discover analogs with superior properties compared to their native sequences. 
Here we report the first detailed structure-activity relationship of a new PTD 
family of polymers based on a completely abiotic backbone.7  The synthetic 
approach easily allows doubling the density of guanidine functional groups, 
which increases the transduction efficiency of the sequences. Cellular uptake 
studies on three different cell lines (HEK 293T, CHO, and Jurkat T cells) confirm 
that these synthetic analogs are highly efficient novel protein transduction 
domain mimics (PTDMs), that are more effective than TAT49-57 and nonaarginine 
(R9) and also highlights the usefulness of polymer chemistry at the chemistry- 
biology interface. 
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A range of functional materials with potential application in coatings, sensors, 
controlled delivery, and enhanced oil recovery were developed using polyacryloyl 
hydrazide (PAH) as the precursor. The swift reactivity of hydrazide functional 
moiety present in the polymer as a pendant group was effectively used to 
synthesize the above materials through hydrazide based click reactions. PAH was 
cured with BADGE epoxy crosslinker to form transparent and defect free resins 
with adequate tensile stress (2 – 40 MPa) and excellent ultimate elongation (8-
50%). The resin possessing 1:2 (wt:wt) ratio of PAH:BADGE exhibited significantly 
higher UTS = 40 MPa compared to conventional resins (UTS = 31 MPa) 
synthesized using triethylene tetramine crosslinker. Synthesis and 
characterization of a series of injectable and stimuli responsive hydrogels based 
on PAH were accomplished using dimethyl 2,2'-thiodiacetate, acrylic acid, diethyl 
malonate and polyethylene glycol as the cross-linkers through chemical or dual 
cross-linking pathway. The yield stress of the gels synthesized using cross-linker 
concentrations up to 0.7 mol/L was observed above 10% strain and the viscosity 
decreased by at least two orders of magnitude upon increasing the shear rate by 
1000 times suggesting the gels may be smoothly injected through the needle. 
The gels released up to 10–84% of the total encapsulated Rhodamine B in a 
controlled manner over a period of 120 h under physiological conditions. An azo 
dye with aldehyde functionality was covalently attached the polymer through 
hydrazone linkage under ambient conditions and the dye labeled polymers 
exhibited colorimetric pH sensing ability. Additional material development using 
PAH as the precursor is currently under progress.  
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Membrane-based gas separation has established as a superior, economical and 
efficient separation technique over other conventional methods [1,2]. However, 
the inherent trade-off between gas permeability(P) and selectivity(α) for a pair of 
gases limits the large scale applications of this technique [3]. However, there is no 
strict “design rules” for the polymers to obtain optimal gas separation efficency. 
But, by incorportaing structural moiety which simultaneously enhanced the 
polymer rigidity and fractional free volumes (FFV), can be possible to achieve 
superior membrane materials for gas permeation applications.  Among several 
other polymeric materials, aromatic polyamides (PAs) due to their excellent 
mechanical and thermal properties can be used as an alternative membrane 
materials . Considering the above facts, we have designed and synthesized 
several organo-soluble PAs containing different bulky groups like, fluorenone, 
adamantane, tert-butyl, triphenylamine (TPA)etc. All the membranes showed 
high thermal and mechanical stability. Basically, the effect of these bulky groups 
on gas permeation and diffusion processes of four different gases (e.g., CH4, N2, 
O2 and CO2) were investigated at 35 oC and at applied pressure of 3.5 bar. High 
gas permeability was obtained with PAs containing bulky tert-butyl group (PCO2 
= 173 and PO2 = 44 Barrer), where as, rigid propeller shaped adamantane 
substituted TPA moiety yielded PAs with high permselectivity (PCO2/PCH4 = 
63.00 and PO2/PN2 = 11.67). The incorporation of the fluorenone moiety effected 
in enhancement of both permeability and permselectivity(PCO2 = 67.42 and PO2 
= 15 Barrer, PCO2/PCH4 =  50.69 and PO2/PN2 = 8.82 ).   
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Polyfluoroacrylates have high thermal stability and they are oleophobic as well as 
hydrophobic in nature. In this investigation tailor-made polyfluoroacrylate was 
prepared via reversible addition fragmentation chain transfer (RAFT) 
polymerization. In this case, random as well as amphiphilic  block (Am-BCP) 
copolymers of heptafluorobutyl acrylate (HFBA) were prepared and their 
properties were studied. The Am-BCPs were used as surf-RAFT agent for emulsion 
polymerization of styrene. Polyfluoroacrylate/clay nanocomposites were also 
prepared via in situ RAFT polymerization. Importantly, these nanocomposites 
showed armored morphology in which nanoclay was exfoliated in the polymer 
matrix with the help of a reactive additive, as evidenced by TEM and DLS analyses. 
These composites showed much improved properties like, greater 
hydrophobicity, higher thermal stability etc. These polymer composites can have 
potential application in hydrophobic paints and coating materials.  
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Information-containing macromolecules are polymers that contain a message 
encrypted in their comonomer sequences. The archetypal example of such a 
polymer is DNA, which is used in biology to store genetic information.[1]However, 
DNA is certainly not the only polymer that can contain molecular information.[2] 
In principle, a string of information can be created in any copolymer using two 
comonomers defined intentionally as 0-bit and 1-bit (Figure 1). However, such 
polymers have to be monodisperse and perfectly sequence-defined. In addition, 
the message encoded in their chains should be easily read. 

 

 

 

 
Figure 1. Schematic representation of an information-containing macromolecule containing a 

monomer-encoded binary code.Reprinted from reference 2.Copyright Nature Publishing Group 2014. 

In this lecture, I will present recent achievements obtained in my laboratory for 
the synthesis of information-containing macromolecules. Recent progress in the 
field of sequence - controlled polymers allows synthesis of unnatural 
macromolecules with precisely controlled primary and secondary structures.[3-6] 
For instance, monodisperse sequence-defined polymers were prepared using 
chemoselective iterative strategies. Furthermore, the readability of these 
polymers will be presented. For instance the sequencing of unnatural sequence-
defined copolymers by tandem mass spectrometry will be discussed. 
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Tremendous developments on livingor "controlled/living" polymerization 
technique have been achieved over the last couple of decades in polymer 
chemistry [1]. Now that livingpolymerizations have been developed through 
various intermediates, such as radical, cationic, anionic, or metal coordination 
polymerization, one can access numerous kinds of polymers with tailor-made 
macromolecular architectures, such as block and graft copolymers. However, 
since chain-growth polymerization of vinyl monomers is implemented via 
appropriate active species depending on the monomer structure, there are 
always limitations of polymerizable monomers inherent to the mechanisms. An 
efficient and versatile mechanistic transformation reaction between different 
polymerizations would be a candidate for developing unprecedented 
copolymers. In this work, we examined reversible mechanistic transformation 
between two different active species during controlled/living polymerizations by 
using dormant covalent bonds, which have been used just for controlling the 
propagation reaction. Especially, reversible mechanistic transformation of radical 
species was investigated from or into ionic species, such as cationic and anionic 
intermediates [2–4]. 
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The atom transfer radical polymerization has been successfully applied for the 
synthesis of Poly(t-butyl acrylate-b-styrene-b-t-butyl acrylate) (PTBA-b-PS-b-PTBA) 
and poly(methyl methacrylate-b-t-butyl acrylate-b-polystyrene-b-t-butyl acrylate-
methyl methacrylate) (PMMA-b-PTBA-PS-PTBA-PMMA) linear, tri and penta block 
copolymers in solution. Here, a difunctional polystyrene macroinitiator that 
contains bromide end-group was prepared by ATRP of styrene with dimethyl-2,6-
dibromoheptanedioate (DMDBHD). The  mole ratio of initiator (DMDBHD) and 
monomer has significant effect on the initiation of styrene polymerization which 
could be seen from the C13-NMR analysis of the polymers obtained. Certain ratios 
of the monomer:initiator gave a macroinitator where as in some cases an 
uncontrolled polystyrene with broad molecular-weight distribution was obtained. 
Similarly, linear, tri and penta block copolymers were successfully synthesized 
using activators generated in situ. Here, the synthesis of block copolymer was 
done using different types of reducing agents along with known ascorbic acid, 
triphenyl phosphine, 2-mercaptoethanol in solution, whereas L-cystine, D-
glucose were carried out in mixed water/solvent system. The formation of block 
copolymers were confirmed by gel permeation chromatography (GPC), Nuclear 
magnetic resonance (13C-NMR), Differential scanning calorimeter (DSC) and 
Thermo Gravimetric analysis (TGA). These results will be discussed in this 
presentation. 
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Galactose containing glycomonomer was prepared by copper catalyzedazide-
alkyne cyclo-additionreaction of 1,2,3,4 di-isopropylidene 6-azido D-galactoseand 
propargyl acrylate.The synthesized monomer was characterized by NMR, IR, MS 
techniques. The monomer was subjected for homopolymerization and 
copolymerization withN-isopropylacrylamide (NIPAm) in different compositionby 
free radical polymerization using 2, 2’-azobis-isobutyronitrile (AIBN)as an 
initiator.The composition of the copolymer was determined with1H-NMR 
spectroscopy. On acid hydrolysis, water-solubledeprotected polymers were 
obtained.The polymers were characterized by NMR,IR,TGA,DSC, GPC and thermal 
analytical techniques.The protectedand deprotected copolymers showed a sharp 
cloud-pointtemperature. A linear correlation was obtained betweenthe lower 
critical solution temperatures and the concentrationof glycomonomer in the 
copolymers.The TGA curvesclearly revealedtwo weight loss processesin the 
degradation behavior of the copolymers whose sharpness and intensity was 
varied with composition.DSC experiments were also run for deprotected 
polymers and the resulting Tg data are plotted. 
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Since the inception, polybenzimidazole (PBI)has been studied enormously and 
utilized in numerous application areas owing to its superb thermal, mechanical 
and chemical stability, and excellent film forming capability makes it an attractive 
choice to be used as membrane.Despite the availability of myriad number of 
publications and patents on PBI, there are number of limitations in regard to the 
synthesis of PBI.A careful review and analysis of the literature reports 
unequivocally suggests that the most challenging bottlenecks which PBI 
chemistry is suffering at this point of time are the solubility, processability of PBI 
and the availability of suitable, inexpensive tetraamine monomer to synthesize 
the PBI frameworks. 
Keeping these observations in the context of PBI synthesis, we have built various 
synthetic strategies to construct the PBI structures which not only fully resolved 
the existing limitations but also enhanced various properties especially proton 
conductivity of acid doped PBI membrane. I will discuss of our recent synthesis of 
a new tetraamine monomer called, 2,6-bis(3 ,́4 -́diaminophenyl)-4-phenylpyridine 
(Py-TAB),which was found to be an efficient, readily accessible, inexpensive 
alternative monomer for synthesizing PBI and its copolymer with very high 
solubility and significantly high proton conducting behavior than the 

conventional PBI. Another example I will 
focus on is our synthetic route to make a 
series of segmented block copolymers of PBI 
with various structural motifs and block 
lengths. These block copolymers displayed 
considerably higher conducting behavior 
than random copolymers and 
hencebelieved to be more suitable for PBI 
based PEM for the use in fuel cell. 
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In recent decades, significant research has focused on reducing fossil-fuel 
dependence and building a more sustainable future, specifically through the use 
of polymers from renewable resources. One approach toward sustainability has 
been to investigate feedstock’s that have short carbon cycles, such as plants, as 
alternatives to petroleum-based feedstock. A more elegant solution is to develop 
materials that both come from renewable resources and can be easily recycled 
into their feedstock, thus creating a cradle-to-cradle life cycle. However, the 
challenge is to develop biodegradable materials that can compete with 
conventional polymers in terms of processability, mechanical and thermal 
properties, durability and cost. 
The environmental concerns have led to the development of biorenewable 
polymers with the ambition to utilize them at an industrial scale. Poly(lactic acid) 
and poly(hydroxyalkanoates) are semi-crystalline, biorenewable polymers that 
have been identified as the most promising alternatives to conventional plastics. 
However, both are inherently susceptible to brittleness and degradation during 
thermal processing. In the present work, we discuss several approaches to 
overcome these problems to create a balance between durability and 
biodegradability. For example, the preparation of copolymers and blends can 
increase ductility and the thermal-processing window. Furthermore, chain 
modifications such as branching or crosslinking, the processing techniques such 
as fiber drawing or annealing, or additives such as plasticizers or nucleating 
agents can improve the mechanical properties and prevent the thermal 
degradation during processing.  
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Organotellurium compounds are activated under photo irradiation reversibly 
generating the corresponding carbon-centered radicals.1 This photochemical 
activation was successfully applied to organotellurium-mediated living radical 
polymerization (TERP);2 the polymerization proceeded in a controlled manner by 
applying low intensity light source under mild conditions.3 On the other hand, 
radical coupling reaction (RC) of living polymers prepared by TERP in the 
presence of dienes and styrenes as coupling agents (c) selectively took place by 
employing high intensity light source (Scheme 1).4Due to the high versatility of 
TERP and high compatibility of functional groups, symmetric mid-chain 
functional polymers from various monomers with rich functionalities were 
successfully synthesized in a controlled manner. Synthetic aspects and 
application of the conditions to elucidate the mechanism of radical 
polymerization will be discussed.  
Scheme 1. Synthesis of structurally well-controlled telechelic, mid-chain 
functionalized polymers by successive TERP and RC 
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Open shell phenalenyl chemistry started more than half century back and the first 
solid state phenalenyl radical was realized only about a decade ago highlighting 
the synthetic challenges associated in stabilizing carbon based radical chemistry 
though it has great promise as building blocks for molecular electronics and 
multifunctional materials. Alternatively, we developped in recent years that a 
stable closed shell phenalenyl has great potential as this can be utilized to create 
in situ open shell state by external spin injection.1-3In this way, we have prepared 
a new route to closed shell phenalenyl based organometalliccatalysts for ring 
opening polymerization of various cyclic esters which can further be extended to 
a variety of organic transformations,1 organocatalysts2 and molecular spin 
memory device3.  In this presentation, I shall emphasize how our initial 
understanding of closed state of phenalenyl influenced the outcome in 
polymerization catalysis and further developped to a new route to design novel 
materials for useful application. 
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Iptycene is a class of molecules wherein several arene rings are connected 
together by a [2.2.2] bicyclic bridge. Triptycene is the simplest member (having 
three benzene ring) of this family of compounds that was first synthesized by 
Bartlett and coworkers in 1942.1 Due to its highly symmetric three dimensional 
(3D) rigid structure, triptycene has been extensively used in various research 
fields that include but is not limited to supramolecular chemistry, 
nanotechnology (molecular machines), and polymer chemistry.2-5 Swager and 
others have extensively explored polymers bearing triptycene scaffold.6 

Incorporation of 3D triptycene motif in polymer backbone was found to enhance 
the properties of polymers with respect to thermal stability, organosolubility, 
mechanical strength, dielectric properties, and optical properties.2-6  

Triptycene  
 

Herein, various polymers synthesized from triptycene monomers will be 
described. For the first time, we have synthesized non-conjugated but fluorescent 
polymers bearing triptycene motif in polymer backbone. The interaction of 
fullerene C60 with these polymers will be discussed.7 Synthesis and 
characterization of wholly-aromatic and semi-aromatic polyamides containing 
triptycene units will also be illustrated. The effect of hydrogen bonding and 
interchain interaction on the polymer morphology will be discussed. Finally, a 
series of triptycene based and triazole bridged organosoluble polymers will be 
depicted. Application of these triazole linked triptycene based polymers in 
sensing nitroaromatic compounds will be shown.  
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Polyethylene (PE) is inherently a long-chain of hydrophobic methylene repeat 
units without any functional groups on the backbone. This partly limits the 
potential application of PE in adhesives, binders, paints, printing ink, dying etc. 
Incorporation of even small amount of functional groups in PE can significantly 
enhances these material properties and can further broaden the PE application 
window. Recently, significant progress has been made by using phosphine-
sulfonate palladium catalysts in copolymerization of ethylene( ET) and several 
polar monomers including acrylic acid, esters, acrylonitrile, vinyl ethers, ketone 
and vinyl halides.1 Despite this progress 1,1-disubstituted functional monomers 
remain elusive and unexplored. The talk will present the first copolymerization ET 
with Ethyl-2-cyanoacryalate (ECA) using acetonitrile ligated phosphine-sulfonate 
palladium complex (3)  leading to functional copolymers.2 
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Formation, disintegration and transition of polymeric nanoparticles in response 
to external stimuli are important phenomena that have been widely explored for 
a variety of biomedical applications. In this presentation, we describe the RAFT-
mediated synthesis of various di/tri-block copolymers that spontaneously formed 
various self-assembled nanoparticles, like micelles and vesicles, in aqueous 
medium in response to external stimuli such astemperature and pH.Formation of 
these nanoparticles was confirmed by different characterization techniques viz. 
transmission electron microscopy, dynamic light scattering and steady-state 
fluorescence measurements.The stimuli-responsive formation-degradation 
process or structural changes were monitored by following the energy transfer 
between various donor-acceptor pairs embedded in the polymeric nanoparticles 
and/or by release of dye/drug molecules from nanoparticles.  
The copolymers were further utilized to synthesize core cross-linked 
nanoparticles by reacting with two and four-arm cross-linkers by applying three 
different types of organic reactions including green chemistries. The 
encapsulation efficiencies of these nanoparticles for different drug and dye 
molecules were investigated and found to be dependent of pH and 
temperature.The core cross-linked nanoparticles were shown to be non-toxic and 
capable of undergoing pH-induced controlled degradation that reflected in the 
controlled release of drug/dye molecules that werepre-loaded in the core.Thus, 
we demonstrated various possibilities of synthesizing polymeric nanoparticles 
potentially useful for controlled drug delivery applications. 
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Efficient methodologies for fabrication and functionalization of reactive 
polymeric materials based on ‘click’ type transformations have become 
increasingly prevalent due to the simplicity and versatility of these reactions. 
Appropriately designed reactive polymeric materials find various biomedical 
applications such as substrates for sensing applications, scaffolds for tissue 
engineering and drug delivery vehicles. Over the past several years our research 
has focused on the design of novel polymeric platforms such as hydrogels, 
polymer brushes, nanofibers and nanoparticle coatings that allow 

functionalization via efficient thiol-based 
conjugations. We recently utilized thiol-ene reactions 
to obtain cyclodextrin containing hydrogels that can 
be used for controlled drug delivery. The 
presentation will outline several examples where 
thiol-based conjugation chemistry is utilized to 
fabricate and functionalize polymeric materials.  
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Supramolecular assembly (SMA) of block copolymer and small molecule has 
received enormous research interest due to their formation of fascinating set of 
periodic structures in the nanoscopic length scale [1.2].Block copolymer 
supramolecular assembly where a low molar mass additive is associated with one 
of the blocks by noncovalent interactions is a simple and powerful technique to 
introduce new functionalities into the block copolymer system as well as fine-
tune its morphology [3].The advantages of using supramolecular system over the 
pure block copolymer are easy tuning of morphology by changing the small 
molecule composition, introduction of new functionality into the block 
copolymer layer by using non-covalent interaction and simple removal of the 
minor component by dissolution from the block copolymer layer to transform it 
into a porous nanotemplate. In the last few years, we have extensively studied 
block copolymer–small molecule supramolecular assembly in thin film and 
developed some novel SMA systems mostly with an aim to fabricate polymer 
nanotemplates for creating large scale periodic arrays of nanomaterials. 
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The development of macromolecules has often been driven by the need for new 
functionality that has not been achieved using existing materials and composites. 
Materials design and development is also being increasingly driven by 
sustainability considerations.  
Biological systems reveal elegant molecular design that meet functionality as well 
as degradability/end-of-life considerations.  Biobased materials provide valuable 
insights into structure property-relationships that can help us fashion the next 
generation of functional materials. They can also serve as a renewable 
hydrocarbon source. This concept is illustrated with two classes of alternative bio-
inspired safer materials.  
First, the development of non-halogenated flame retardant materials inspired by 
fire resistant biomass will be presented. We have demonstrated that naturally 
occurring phenols can be oligomerized to yield additives that have excellent char 
forming characteristics. One of the raw materials used is cardanol  - a waste 
byproduct of the cashew nut industry with no competing food value. 
Biobased and bio-inspired surfactants are the second class of materials that will 
be discussed. Non-ionic surfactants such as nonylphenol ethoxylates (NPE), are 
being phased out due to their aquatic toxicity.  Inspired by oil eating bacteria, A. 
Calcoaceticus, also known as RAG-1, we have developed a new class of 
polysaccharides based surfactants. These surfactants are derived from fruit waste 
and exhibit surface activity similar to that of NPE.  Here again, bio-inspiration had 
lead to the conversion of a waste product into a sustainable and safe alternative 
surfactant. 
The benefits for the pursuit of materials research using renewable feedstock 
transcends sustainability considerations and reveals exciting possibilities through 
bio-inspiration, rendering it worthwhile from both scientific and commercial 
perspective.  
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Highly/hyper branched polymers have a large number of end groups that are 
positioned towards the outside of the polymer coil in solution. In this respect they 
are very different to linear functional polymers with functional groups along the 
main chain. These structural features mean that in water if highly branched 
polymers become desolvated (in a coil-to-globule transition) it is possible to 
maintain availability of the functional groups on the outside of the desolvated 
globules. On the other hand, when linear polymers become desolvated the 
functional groups are masked by the desolvated chain segments.  We have used 
this phenomenon to design poly(N-isopropyl acrylamides) that respond, in a coil-
to-globule transition, to binding bacteria. The response on binding to bacteria 
occurs as the solvation of the functional end groups is perturbed on binding. The 
degree of branching in these polymers is critically related to the nature of the 
response to bacteria and, for the most active polymers, we present evidence for a 
core shell type structure composed of a desolvated core and a swollen shell. It is 
the interactions of the end groups with the bacteria that produce a coil-to-
globule transition on binding. The data suggest that the end groups penetrate 
into the coil for a limited distance and that binding of certain cellular targets 
results in a segmental conformational change rather than full transition from coil 
to globule.   High sensitivity differential calorimetry shows that the main 
transition may not shift with binding but instead secondary events occur in which 
segments pass through a coil-like confirmation to a desolvated segmental coil.  
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Fluorinated polymers1 are a remarkable polymers because of their thermal, 
chemical and oxidative stability  making them useful in specific applications such 
as non-sticky paints and coatings, chemically resistant O-rings and seals, 
membranes for fuel cells, separators and binders for Lithium ion batteries, wires 
and cable insulation, and so on. They are mainly synthesized by radical 
(co)polymerization of fluoroalkenes. Among fluorinated polymers, 
poly(vinylidene fluoride) (PVDF)2 is one the most often used since it can be 
synthesized according to usual radical pathways, just like VDF containing–
copolymers that lead to many applications, as displayed in Scheme 1. 

 

Scheme 1: radical copolymerization of VDF with synthesized fluorofunctional monomers 

Only four main routes of CRP of fluorinated alkenes are possible so far3: iodine 
transfer polymerization (ITP)4 that this the oldest by far, MADIX5, and more 
recently, that involving specific transition metal complex under photoinitiation.6 
More details on both first strategies will be applied on the radical 
copolymerization of vinylidene fluoride with other fluoromonomers opening 
various applications ranging from surfactants to  fuel cell membranes. 

1.  Ameduri, B. and Boutevin B., Well Architectured Fluoropolymers: Synthesis, properties and 
Applications

2.  Ameduri, B.; Chem. Rev., 2009, 109, 6632-6686. 
, Elsevier, Amsterdam, 2004. 

3.  Ameduri, B; Macromolecules  2010, 43, 10163-10184. 
4.  a) Tatemoto, M.; The first Regular Meeting of Soviet-Japanese Fluorine Chemists, Tokyo, February 15-

16, 1979; b) Tatemoto; M.; US 1979/4158678, (assigned to Daikin Kogyo Ltd). 
5.   a) Patil, P.; Ameduri, B. Polym. Chem. 2013, 4, 2783-2799; b) Kostov, G. ; Boschet, F. Buller, J.; Badache, 

L. ; Brandtstadter, S. Macromolecules, 2011, 44, 1841-1855. 
6.  Asandei A. et al. J. Amer. Chem. Soc., 2012, 134, 6080-6083. 
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During the industrial transformation, most polymers are involved in specific 
processes resulting in the macromolecular chain orientation. Such orientation is 
appearing from the local phase to the mesophase and sometimes even up to the 
macroscopic phase. Small Angle X-Ray Scattering (SAXS) is a technique well 
suited for investigating nano-materials and nano-structures of polymers. 
Information is collected on sample structure parameters such as particle shape or 
size, size distribution, orientation, surface to volume ratio… in the range from 1 
nm to beyond 100 nm. Moreover, orientational functions can be derived from 2 
dimensional x-ray patterns. Length-scales down to 0.1 nm can also be 
investigated in combination with Wide Angle X-ray Scattering (WAXS). In the case 
of samples with internal structures larger than 200 nm, USAXS (Ultra Small Angle 
X-Ray scattering) experimental conditions are required. USAXS allows to access 
heterogeneities about some hundreds of nanometers while providing the 
opportunity to investigate the large-scale structure evolution during the 
deformation of polymeric materials [1]. 
The progress in the performances of x-ray components and subsequent assembly 
offers such characterization methods in the laboratory. Hence, investigation of an 
injected semicrystalline polymer has been performed, emphasizing the 

nanostructure orientation and processing 
relationships. Further, recent results obtained on in-
situ stretched Polybutene-1 (PB-1) [Figure 1] illustrate 
the capability to perform lab measurement 
equivalent to Synchrotron USAXS [2] highlighting 
microscopic structural evolution and macroscopic 
strain-whitening phenomenon correlation.  

 
Figure 1: 2D-USAXS patterns of PB-1 crystallized at 60°C stretched at 30°C as a function of engineering 
strain - 50s exposure time. Stretching direction horizontal. Data courtesy of Pr. Men and Y. Wang  
 
 
 
 
 
References: 
[1] Y. Men et al, Macromolecules 2004 37, 9481.  
[2] Y. Men et al, under submission 2013 
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Polymers can be characterized using different methods in TEM and SEM. While 
the Cryo TEM allows to examine and study the morphology of polymers, 
Spectroscopic technique such EELS can give additional information on the carbon 
bonding by showing different variations in the near edge fine structure of the 
polymers. Another spectroscopic technique, is the analysis of 
cathodoluminescence (CL) spectrum in the SEM, which enables the identification 
of many organic compounds through spectroscopy of the light emitted. Another 
approach is the reconstruction in 3 dimensions and characterisation of large area, 
using serial block face scanning electron microscopy.  
These different methods will be explained with illustrative examples. 
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The growing demand for High Refractive Index (HRI) polymers has attracted intense 
attention from industry and academia, due to their excellent performance as OLED 
encapsulates and in other optoelectronic areas. According to Snell’s Law of Refraction, 
HRI polymers, when applied as OLED’s encapsulates, can expand the critical angle of 
incident ray from OLED’s inner layers and therefore enhance the external efficiency 
( ). Up to date, RI values of most HRI polymers (RI≤1.76)stand still below 
expectation. Moreover, HRI polymers with residual metallic catalysts also have the 
limitations to optical and biomedical applications. 
In the present study, in order to obtain HRI polymers without metal residues, 1,3,5-
tris(naphthylethynyl) benzene with two aromatic moieties (naphthalene and benzene) 
was designed as B3 monomer. Through “A2+B3” metal-free thiol-yne click 
polymerization, B3 monomer could react efficiently with benzene-1,4-dithiol (A2 
monomer) in three different molar ratios (B3 : A2 = 1:1, 2:3, 1:2), yielding 
hyperbranched polymers PIa, PIb and PIc respectively. For the produced polymers, due 
to the steric effects of the bulk naphthalene moiety, only mono-adducted structures of 
thiols and alkynes were regioselectively generated. At the same time, the 
characteristic of branched structure ensured these polymers to exhibit good solubility 
and thereafter processibility. Furthermore, the high proportions of aromatic and 
sulfide groups, also endowed PIa, PIb and PIc with both high RI values (1.7839, 1.7778, 
1.7683 respectively) and highTgs (141, 172, 147). Besides, in the range of visible light, 
no absorbance was observed in these polymers’ solutions and films. With all these 
thermal and optical properties, the obtained HRIhyperbranched polymers are novel 
promising materials to be applied as OLED encapsulates or in other optoelectronics 
areas. 
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Polypropylene (PP) is second largest polymer globally in term of volume.Currently PP is 
produced by three major propylene polymerization processes – slurry, gas and bulk 
polymerization. Magnesium dichloride supported titanium Ziegler Natta (ZN)catalyst is used 
commercially for majority of PP production.Gas phase polymerization has economic 
advantage [1-3] among peers. However, catalyst system used for gas phase polymerization 
process has to be operated in prescribed operating temperature. Increasing reaction 
temperature can lead to run away reaction and can result into agglomerated product 
formation as well as upsetting large scale reactor. It is therefore imperative to have 
laboratory scale slurry polymerization technique to measure catalyst performanceunder run 
away conditions.In the prior art method, PP catalyst performance is evaluated through 
bench scale polymerization experiments carried out at 70°C, 90°C and 110°C or by using 
normalized method [4].  
We have developed single step slurry polymerization technique by changing reaction 
parameters to evaluate catalyst under severe condition.Three catalysts [5]– low (3.1 
KgPP/gcat), medium (6.3 KgPP/gcat) and high activity (9.6 KgPP/gcat)- were evaluated at 
70°C in 4 L jacketed stirred stainless steel reactor to create base data. Novel technique 
included purposefully avoiding the removal of heat from the reactor to create severe 
condition like run away reaction. When catalyst A is subjected to sever conditions, it was 
observed that maximum temperature reached to 77.5°C with 7.5 °C rise. Catalyst B 
showed89°C with 19° C rise while Catalyst C indicated maximum 102 °C with 32°C rise (Fig. 
1). CAT A, B and C have taken 50, 15 and 10 min timedemonstrating high activity catalyst is 
prone to achieve high temperature very fast.This technique gives quantitative measure to 
understand severity of magnesium supported titanium ZN catalyst. 

 

Fig 1: Polymerization temperature profile of Catalyst A, B and C 
under run away conditions 
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Design and synthesis of water soluble smart polymeric materials have emerged as a 
very important area of research. These materials find diversified applications as solar 
cells (1), chemical or biological sensors (2), molecular thermometers (3) logic gates (4) 
etc. applications as chemical or biological sensors require water soluble polymeric 
systems where mostly in the literature optical signals have been chosen as output. 
This is due to the high degree of sensitivity of optical signals coming from single 
molecular level (5). In this respect polymers are proved to be better candidates than 
monomeric systems due to signal amplification. Different strategies including 
attachment of small amount of fluorescent moieties on the polymer backbone, 
preparation of block copolymers having one of the constituting block containing 
pendant fluorescent group have been adopted in this respect. However, one very 
interesting strategy has been the grafting of stimuli responsive block copolymers on 
the fluorescent active conjugated backbone polymer like polythiophene. Grafting on 
polythiophene hinders aggregation of polythiophene chains and therefore changes in 
optical response of polythiophene systems may be linearly corroborated with the 
changes effected on grafted polymeric chain conformations by variation in the system 
conditions (input signals). Polythiophene contains π electron excess th iophene units 
therefore; they interact electronically with the π deficient species (donor -acceptor 
interactions) say polynitro compounds (explosives!). This report deals with synthesis 
and characterizations of water soluble polythiophene based graft copolymeric 
systems where grafted chains on polythiophene backbone show dual stimuli response 
against temperature and pH. Synthesized materials show operation like ‘AND’ logic 
gate using temperature and pH as two inputs and fluorescent optical signal as output. 
Grafted chains constituted random block copolymers of thermo sensitive 
polydiethyleneglycolmethylether metrhacrylate (PDEGMEM) showing LCST at about 
210C in aqueous solution and polydialkylaminoethyl methacrylate as pH sensitive 
block. Effect of introduction of various alkyl groups on the polydialkylaminoethyl 
methacrylate has been studied in respect of the application of the graft copolymeric 
materials as logic gates or sensors for electron deficient polynitro compounds.    
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Polybisbenzoxazoles are a class of rigid rod polymers known for their extremely 
high tensile strength, modulus, thermal and flame resistance. These polymers are 
soluble only in very strong acids and therefore pose processability problems. 
Extensive research has been done by modifying the monomer base unit with a 
view to improve processability and compressive properties of this class. In this 
work, novel copolymers of polybenzobisoxazole containing thiophene moiety 
have been synthesized by polycondensation of diaminoresorcinol 
dihydrochloride (DAR) with various ratios of terephthaloyl chloride and 3,4-
propylenedioxy thiophene -2,5 –dicarboxylic acid in polyphosphoric acid in an 
inert atmosphere. The monomer DAR has also been synthesized by usual high 
pressure reduction method of 1,3-dibenzyloxy-4,6-dinitrobenzene. The polymers 
have been characterized by Infrared Spectroscopy, Nuclear Magnetic Resonance 
Spectroscopy, X-ray diffraction and elemental analysis and their solubility 
behaviour has been studied. Thermogravimetric analysis revealed thermal 
stability upto approximately 550°C while Differential Scanning Calorimetry 
revealed absence of glass transition temperature in all the polymers.  
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Three series of main chain thermotropic liquid crystalline azobenzene polyesters 
were synthesized using azobenzene twin molecules as the AA monomer and 
diols like diethylene glycol (DEG), tetraethylene glycol (TEG) and hexaethylene 
glycol (HEG) as the BB comonomer. The twin azobenzene units had the structure 
Phenylazobenzene - oligooxyethylene spacer – Phenylazobenzene (PnP), where 
the spacer length ‘n’ was chosen from 2, 4 and 6 oxyethylene units. The terminal 
azobenzene moieties were functionalized with –C(O)OMe units to facilitate 
transesterification with diols to form polyesters. The twin molecular design 
reduced the melting temperature and also improved the solubility as well as 
miscibility in the molten reaction medium thereby enabling melt 
polycondensation. All polymers were exhibited stable smectic mesophases and 
most of the polymers showed higher ordered smectic mesophase transition. One 
of the polymers - Poly(P4PTEG) was chosen to prepare composite polymer 
electrolytes with LiCF3SO3 and ionic conductivity was measured by a.c impedance 
spectroscopy. The polymer/0.3 Li salt complex exhibited a maximum ionic 
conductivity in the range of 10-5 S cm-1 at room temperature (25 °C), which 
increased to 10-4 S cm-1 above 65 °C. The temperature dependence of ionic 
conductivity was compared with the phase transitions occurring in the sample 
and it was observed that the glass transition had a higher influence on the ionic 
conductivity compared to the ordered liquid crystalline phase. Reversible ionic 
conductivity switching was observed upon irradiation of the polymer/0.3 Li salt 
complex with alternate UV and visible irradiation. An increase in ionic 
conductivity was observed for UV light irradiation whereas visible light irradiation 
resulted in reduction in conductivity. 
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Multiblock copolymers with complex architectures offer opportun ities to create a 
diversity of ordered phases due to their greatly enlarged parameter space[1]. The 
studies on multiblock copolymer architectures are primarilylimited to theoretical 
investigations of 3-arm star and A-B-C linear triblock copolymers[2].A versatile 
synthetic strategy has been designed to synthesize a series of graft copolymers 
which lie along the continuum between 3-arm star and A-B-C linear triblock 
copolymers. The synthetic methodology includes the synthesis of block 
copolymer using RAFT polymerization, followed by a single insertion of a 
pentafluorophenyl-maleimide ester (PFPMI)monomer[3], and subsequentchain 
extension. Finally, the third polymer chain is grafted to the polymer backbone 
through reaction with the PFPMI activated ester[4,5]. The synthesized graft 
copolymershave been fully characterized, and the effect of the variations in 
molecular architectureon the macromolecular self-assembly has beenstudied. 
The spontaneous self-assembly of such “imprecise”graft copolymers can be 
further exploited to produce highly ordered morphologies that could be utilized 
in a variety of applications. 
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In the past few decades, polymers have revolutionized our life. Their low price, easy 
processability, exceptional mechanical properties have led to the use of polymers in variety 
of applications. However we are still far behind to mimic the nature’s complex machinery 
system for example photosynthesis,enzymatic activity, signalling, recognition etc., and we 
realized that their function relies on the higher order  structure. 1  Inspired  by  nature,  there 
 is  a  significant  activity  in material chemistry to emulate complex biological structure in 
order to accomplish the comparable functions.2 In the last two decades there is significant 
advancement towards the direction of bio-mimicking for example, the basic secondary 
structures of biopolymers such as single-chain helices, double helices, and sheets have been 
reproduced with synthetic stereoregular polymers and foldamers. 3It was also recently 
shown that atactic polymer chains, which generally adopt an amorphous random coil 
configuration in solution, can be “structured” into more defined objects 
usingintramolecular interactions. 4 For instance, a number of systems have been reported 
wherein synthetic polymer chains are compacted into single-chain nanoparticles by 
covalent bond formation. 5These kinds of compacted chains could be viewed as a pseudo-
tertiary structure of the polymer. In this regard, the major differences between synthetic 
polymer and biopolymer lies in the primary structure itself. The sequence defined primary 
structure in biopolymerisessential to form higher order structure of proteins, enzymes etc. 
So one of the major challenges in this area are to have a macromolecule with controlled 
primary structure, necessitate a synthetic route which can offer control positioning of the 
different monomer within the polymer chains.In this presentation, the synthetic technique 
for preparing sequence control macromolecules which was established few years ago in our 
lab6 will be discussed. In the same direction, our recent effort on the synthesis and 
predictable folding (by intramolecular crosslinking) of a sequence controlled copolymer 
wherein the crosslinkable moieties are located precisely at the two end of the polymer 
chain will also be addressed.Intramolecular double compactions of the precursor polymer 
allow us to create single chain polymeric nanoparticle having distinct crosslinked 
subdomains as shown in scheme 1.7 
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The tremendous effort of the present decade in designing of bio-relevant 
functional polymer already come up with application in the domain of drug 
delivery, cell-growth media, tissue scaffolding.1 Our group is also actively involved 
in the design and synthesis of peptide-polymer conjugates via control 
polymerization from peptide-based initiator through ‘grafting from’ strategy that 
impart remarkable effect on their aggregation behavior and physical properties.2,3 
Attachment of a fluorescent unit in the bioconjugate is contemporary approach 
adopted by us to design a superior probe for live cell imaging. Thereby, we have 
reported fluorescent triblock conjugate PEG-tripeptide-Fluorophore-tripeptide-
PEG prepared using ‘grafting to’ technique based on Schiff base coupling 
chemistry. The micellar aggregation behavior of the amphiphilic polymer 
conjugate was investigated. On the other hand, HeLa cell endocytosis experiment 
showed its potential as macromolecular probe for cell imaging.4 Further 
extension in this area led to the designing and successful synthesis of fluorescent 
polymer-peptide bioconjugate from a cysteine-based dipeptide initiator. Simple 
thiol-ene polymerization of this dipeptide with 1-vinylimidazole and successive 
attachment of fluorescein isothiocyanate (FITC) led to formation of amphiphilic 
FITC-dipeptide-polyvinylimidazole conjugate. The final conjugate molecules 
undergo self-assembly into micelles in water as studied via DLS and fluorescence 
spectroscopy. The critical micellization concentration of the polymer is observed 
to be affected with the variation of pH. In addition, the invitro analysis of the 

polymer is under thorough 
investigation to explore its 
viability and potential for 
imaging different types of cells. 
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Poly(lactic acid) (PLA) is biocompatible and biodegradable polymer derived from 
renewable sources and having potential properties as compared to petroleum 
based synthetic plastics. One of major the disadvantages of PLA is its brittleness 
which restrict its use in many applications. Several strategies have been tried to 
improve the brittleness of PLA. 
Biocomposite materials have received considerable scientific and technical 
interest. Cellulose whiskers (CNW) have focused attention as reinforcing fillers in 
nanocomposite materials as a combination of their high surface area and unique 
morphology as well as good mechanical response upon stress. The problem in 
cellulosic materials is weak interactions between hydrophilic cellulose and 
hydrophobic polymer matrices. 
Now a day the environmental concern has lead to growing interest in substitute 
traditional material with greener alternatives. One of the main drawbacks of CNW 
is their high propensity to agglomeration (or film forming) as soon as they are 
dried. An interesting approach providing improved surface chemistry control is 
grafting of monomers on to the surface of CNW. The use of CNW in PLA gave 
several advantages such as biodegradability,  low cost, low density and improved 
mechanical properties. The ε-caprolactone, L-lactide and D-lactide were 
chemically grafted on to the surface hydroxyl groups of cellulose by ring opening 
polymerization (ROP). 
In the present work, the surface modified CNW’s were prepared by in situ surface 
grafting via ROP method using lactide enantiomers and ε-caprolactone. The 
CNW’s were characterized by CP MAS 13C NMR, FTIR spectroscopy, scanning 
electron microscopy (SEM) and X-ray photon spectroscopy (XPS). The grafted 
CNW’s were used as nucleating agent for PLA. The impact of chemically modified 
CNW was studied on the nucleation and crystallinity of PLA.  
 
 
 
 
References: 
[1] Goffin A.L.; Raquez J.M.; Duquesne E.; Siqueira G.; Habibi Y.; Dufresne A. Biomacromol. 2011, 12(7), 

2456  - 2465 
[2] Sanchez-Garcia M., Lagaron J. Cellulose  2010, 17(5), 987 - 1004. 
[3] Siqueira G.; Fraschini C.; Bras J., Dufresne A.; Prud’Homme R., Laborie M.P.; Eur. Polym. J. 2011, 

47(12), 2216 - 2227. 
[4] Raquez, J.M.; Murena Y.; Goffin A.L.; Habibi Y.;  Ruelle B.; DeBuyl F.;  Dubois P. Comp. Sci. and Technol. 

2012, 72(5), 544 - 549. 

http://www.sciencedirect.com/science/article/pii/S026635381100409X�
http://www.sciencedirect.com/science/article/pii/S026635381100409X�
http://www.sciencedirect.com/science/article/pii/S026635381100409X�
http://www.sciencedirect.com/science/article/pii/S026635381100409X�
http://www.sciencedirect.com/science/article/pii/S026635381100409X�
http://www.sciencedirect.com/science/journal/02663538�
http://www.sciencedirect.com/science/journal/02663538�
http://www.sciencedirect.com/science/journal/02663538�
http://www.sciencedirect.com/science/journal/02663538/72/5�


64 

 

Recovery of harmful metal ions from aqueous solution 
using novel chelating terpolymer resin: 

Synthesis and characterization 
R. Azarudeen 

Department of Chemical Engineering, 
Coimbatore Institute of Technology, Coimbatore – 641 014, Tamil Nadu, India 

azarudeen.rs@gmail.com 
 

An effectual chelating resin was synthesized for the detoxification of hazardous 
metal ions using a synthesized resin involving anthranilic acid/4-
nitroaniline/formaldehyde. The resin was characterized by FTIR, 1H & 13C NMR 
spectroscopy and its morphology was established through SEM and XRD. The 
resin was analyzed by TGA to assess the thermal stability, in which the resin could 
be used in high temperature aqueous solutions for the elimination of harmful 
metal ions. The ion-exchange property of the resin was evaluated by batch 
technique for specific metal ions viz. Fe3+, Co2+, Ni2+, Cu2+, Zn2+, and Pb2+. The 
study was extended to three variations such as effect of metal ion uptake in 
presence of various electrolytes in different concentrations, effect of pH and 
effect of contact time. The outcome proved that the resin can be used as a strong 
cation-exchanger to remove various metal ions from the solutions. The resin 
could be regenerated using inorganic acid and could be reused with quantitative 
recovery of metal ions for few cycles. On comparison with the commercial resins, 
the reported resin has found excellent capability of metal ion recovery. 
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A mechanistic study on oligomerization of olefins of isomeric octenes is reported 
using Lewis acidic ionic liquid as catalysts. This was aimed at understanding the 
effect of the position as well as geometry of the double bond on the probable 
pathway of the reaction and the properties of the final product. We have 
observed an interesting reactivity pattern in the oligomerization of a mixture of 
olefins where there is selectivity for the cis isomer over the trans isomer. Another 
interesting observation made in the study is that the final oligomer obtained 
starting from a mixture of olefins isomers displays better properties as compared 
to an oligomer obtained starting from exclusively the -olefin. Kinetic studies were 
carried out with individual isomers of octenes and their mixtures towards 
oligomerization. Subsequently, analyses of the structural properties of the final 
oligomerized and hydrogenated product were undertaken. 
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The present investigation highlights the synthesis and characterization of 
Epoxidized castor oil (ECO) toughened DGEBA epoxy nanocomposites. 
Toughened nanocomposites was synthesized using ECO as a reactive diluent for 
Diglycidyl Ether of Bisphenol A (DGEBA) epoxy resin. DGEBA / ECO 
nanocomposites prepared by incorporating organo modified montmorillonite 
(OMMT) clays and (3-aminopropyl) triethoxysilane to the DGEBA/ECO system 
using sol-gel process. Their chemical structures were identified using FTIR and 
1HNMR. The Transmission electron microscopy (TEM) and X-ray diffraction (XRD) 
were used to characterize the homogeneous dispersion of clays within the 
nanocomposites. The Methylhexahydrophthalic anhydride (MHHPA) and 
benzyltriethylammonium chloride (TEBAC) cured DGEBA/ECO/OMMT (8:2:0.1) 
nanocomposites exhibited tensile strength (56 MPa), tensile modulus (1933 MPa), 
flexural strength (132 MPa), flexural modulus (2518 MPa) and elongation (23.1%). 

The DGEBA/ECO/OMMT (6:4:0.1) 
nanocomposites can easily bend up to 
360o without any damage, similarly 8:2:0.1 
nanocomposites can bend up to 180o.    
 
 

Figure: Flexibility/Bending behavior of 3mm thickness (a) DGEBA/20wt%ECO/OMMT, and 
(b) DGEBA/40wt%ECO/OMMT nanocomposites.  
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Initially, 4-aminophenyl propargyl ether (APPE) containing alkynyl group and 
diazides monomers were synthesized for the click reaction. Novel 1, 2, 3-triazole 
containing diamine monomers were synthesized by 1, 3-dipolar cycloaddition 
reaction in the presence of Cu (I) catalyst by click reaction and which was used to 
prepare a novel polytriazoleimide by polycondensation reaction with aromatic 
dianhydride. The chemical structure of the monomers and polymers were 
confirmed by FT-IR, 1H-NMR and 13C-NMR spectra techniques. Polytriazoleimides 
were characterized by thermogravimetric analysis (TGA), differential scanning 
calorimetry (DSC), and dynamic mechanical analysis (DMA), and dielectric 
constant. These polymers are readily soluble in highly polar organic solvents. 
Furthermore the incorporation of 1, 2, 3-triazole significantly improves the glass 
transition temperature, thermal stability and storage modulus of the polymer. 
The click coupling is the effective approach to develop the structural and 
functional polyimides. 
 
Keywords: Polyimide-triazole- click reaction- thermal properties-mechanical properties 
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A new triamine monomer 1,3,5-tris[4-(4’-aminophenoxy)phenoxy]benzene, was 
synthesized by a two step process using hydroquinone, 1-chloro-4- nitrobenzene 
and 1,3,5-trichlorobenzene.  It was successfully polymerized into hyperbranched 
polyimides (HB PIs) with commercially available dianhydrides [3,3’,4,4’-
benzophenonetetracarboxylic dianhydride (BTDA) and pyromellitic dianhydride 
(PMDA)] by A2+B3 method. Different monomer addition methods and different 
monomer molar ratios resulted in hyperbranched polyimides with amino and 
anhydride end groups. The structure of the resulting hyperbranched polyimides 
were characterized by FT-IR, 1H-NMR, 13C-NMR and Mass spectroscopic analysis. 
Glass transition temperature (Tg) and thermal stability were moniterd by DSC and 
TGA analysis respectively. Dielctric constant and dielectric loss measurements 
were carried out with the help of impedence analyzer.The resulting polymers 
have good solubility and thermal properties. 
 
Keywords: Hyperbranched polymer, polyimides, poly(etherimides), condensation 
polymerization 
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L-serine-based zwitterionic polymers, poly(L-serinnyl acrylate)s (PSAs) of varying 
molecular weights and low polydispersities are synthesized via controlled RAFT 
polymerization in water-based solvent. The obtained PSA is highly sensitive to the 
solution pH due to the presence of pendent amine and carboxylic acid group in 
ach repeating unit. The isoelectric point of  PSA in aqueous solution is around 2.9, 
thus within a very short pH range of 2.4 to 3.3, the aqueous PSA solution becomes 
as two phase system due to the intermolecular ionic interaction. In that pH range, 
the aqueous PSA solution also exhibits upper critical solution temperature (UCST) 
which decreases with the decrease of molecular weight of the polymer. The UCST 
behavior of PSA solution can also be altered by adding brine solution. Thus, this is 
an unique example of synthesis of duel-stimuli responsive zwitterionic 
homopolymer whose solution properties can easily be altered by altering 
temperature and pH.  
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Among the various polymer chain architectures, e.g., linear, grafted, 
hyperbranched, dendrimers, comb-, brush- and star-shaped; hyperbranched and 
star polymers showed several interesting unique properties, such as enhanced 
solubility in wide range of solvents, low melt and solution viscosities, reduced 
hydrodynamic volume, and critical phase behavior. Besides, branched 
polyetheleneimines (PEIs) are widely explored synthetic cationic polymeric carrier 
for the plasmid DNA (pDNA) to cell due to high transfection efficiency of 
PEI/pDNA complexes. However, the PEI based delivery systems is highly toxic due 
to strong positive surface charge. Therefore, synthesis and study of pH responsive 
cationic amino acid based hyperbranched polymers may make them interesting 
and competitive candidates with respect to branched PEI for non-viral gene 
delivery. Here, we report design and synthesis of hyperbranched polymers via 
combination of self-condensing vinyl polymerization (SCVP) and reversible 
addition- fragmentation chain transfer (RAFT) polymerization  from Boc-L-valine 
acryloyloxyethyl ester (Boc-Val-HEA) and S-(4-vinyl) benzyl S′-
butyltrithiocarbonate (VBBT) with variable degree of branching (DB), molecular 
weight (Mn) and chain end functionalities. These hyperbranched polymers with 
tuneable Mn and DB have been further employed via successive RAFT 
polymerization for the synthesis of star polymers with variable arm numbers and 
lengths. Removal of Boc groups from the polymers results water soluble pH 
responsive cationic hyperbranched architectures with tuneable pH 

responsiveness (pH = 6.8 - 7.5), 
due to the incorporation of varied 
degree of hydrophobic chain end 
functionalities with different 
monomer feed compositions.  
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Synthesis of polymers from renewable resources is receiving an increasing 
attention for both academic and industry world due to their low cost, 
sustainability biocompatibility and biodegradability.Methacrylate derivative of 
oleic acid, 2-(methacryloyloxy)ethyloleate (MAEO), has been synthesized and 
polymerized by reversible addition-fragmentation chain transfer (RAFT) 
technique. The corresponding polymer, PMAEO,is capable of subsequent chain 
extension to form well-defined block copolymers via RAFT technique. Double 
bonds in oleate side-chains in PMAEO are further functionalized by various 
organic thiol compounds via thiol–ene based Michael addition reactions. The 1H 
NMR spectroscopy was used to determinethe quantitative conversion of double 
bonds with ethanethiol, butanethiol, dodecanethiol and 3-mercaptopropanoic 
acid, whereas 2-mercaptoethanol gave ~90% thioether product after prolonged 
reaction time. The side-chain double bonds of PMAEO were also quantitatively 
epoxidized using meta-chloroperbenzoic acid, which was further cross-linked by 
1, 3-diaminopropane. Therefore, side-chain oleate pendants are ideal for various 
post-polymerization modification reactions to prepare renewable resource 
derived controlled macromolecular architectures with potential practical 
applications in the field such as paints, adhesives, electrical insulators, 
thermoplastics, etc. 
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The rational synchronization of living carbocationic and reversible addition-
fragmentation transfer (RAFT) polymerization has successfully enabled the 
synthesis of novel diblock chiral copolymer consisted of polyisobutylene (PIB) and 
tert-butyloxycarbonyl (Boc) protected amino acid based monomers such as Boc-
L-alanine methacryloyloxyethyl ester (Boc-L-Ala-HEMA) and Boc-L-leucine 
methacryloyloxyethyl ester (Boc-L-Leu-HEMA). The block composition and 
molecular weight could be controlled while maintaining a narrow molecular 
weight distribution. Deprotection chemistry strategy has been used to make 
them smart pH-responsive materials having positive surface charges. Specific 
rotation and circular dichroism (CD) studies confirmed higher order helical 
secondary structure of protected and Boc-deprotected block copolymers in 
organic solvent and water, respectively. Boc-protected block copolymers self-
assemble to core-shell micellar structure in methanol, which is a good solvent for 

side-chain amino acid block but non solvent for 
PIB. The amphiphilic nature of the deprotected 
diblock copolymer enabled formation of self-
assembled structures in water, which was 
confirmed by atomic force microscope (AFM), 
scanning electron microscopy (SEM), 1H NMR and 
DLS measurements.  
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 “Poly(arylene ether)-co-polysiloxane 
multi block copolymers” 

 
 
This study focuses on the synthesis and evaluation of novel, linear,poly(arylene 
ether)-polysiloxane (PPE-Siloxane)multiblock copolymers prepared by the 
reaction of ahydroxyl terminated oligomericbifunctional poly(aryleneether), a 
hydroxyl terminated telechelicbifunctionalpolysiloxane, and an aromatic diacid 
chloride. This synthesis overcomes disadvantages of known syntheses of 
poly(arylene ether)-polysiloxane block copolymers. The poly(arylene ether)-
polysiloxanemultiblock copolymer is useful for improving the melt processibility 
of poly(arylene ether) compositions. Theresulting copolymer chains has multi 
(greater than orequal to 2) siloxane blocks and multi arylene-etherblocks. The 
overall siloxane incorporations were variedand at high levels (>60 wt %) yielding 
flexiblecompositions with improved flow, ductility, flameretardancy and low 
smoke generation during burn. 
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Now a days, much research interest devotes to block copolymer (BCP) micelles 
that respond to environmental conditions or stimuli such as pH, temperature, 
etc.1Recently, there has been emerge attention in photoresponsive BCP micelles 
whose aggregation state in solution can be disrupted by illumination.2,3Herein, 
we report the synthesis of a new type of photo-cleavable poly(2-ethyl-2-
oxazoline)-block-poly(2-nitrobenzyl acrylate) (PEOX-b-PNBA) copolymer with 
varying compositions via microwave-assisted cationic ring-opening 
polymerization (CROP) followed by atom transfer radical polymerization (ATRP). 
The synthesized block copolymer is characterized through NMR, GPC and FTIR. 
The self-assembly of this block copolymer (PEOX-b-PNBA) in water/THF results in 
the formation of well-dispersed spherical micelles (<100nm) as observed through 
FESEM image. The effects of other solvents/solvent mixtures, molecular weight 
and composition of PEOX-b-PNBA block copolymer on the self-assembly and the 
formed self-assembled structures are described. The photo-solvolysis of 2-
nitrobenzyl moieties of the PNBA block ofblock copolymer(PEOX-b-PNBA) is taken 
place upon UV-irradiation at 350nm, which converts the hydrophobic PNBA block 
to hydrophilic poly(methacrylic acid) block. Thus, the photo-solvolysis process 
leads to the formation of double hydrophilic poly(2-ethyl-2-oxazoline)-b-
poly(acrylic acid) copolymer. Dissociation of nitrobenzyl group upon UV 
irradiation (350nm) of the PEOX-b-PNBA is successively monitored by UV 
spectroscopy. 
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Polymer hydrogels are cross-linked hydrophilic polymers which are insoluble but 
absorb, swell and retain large amount of water. They exhibit both liquid and solid 
like properties. Such polymers have wide range applications in biotechnology, 
biomedical, pharmaceutical, agriculture, water treatment and many other areas. 
We carried out a free radical polymerization of acrylamide in an aqueous solution 
of HNO3 where no other initiator was present. The acidic medium itself acts as an 
initiator. A highly crossed linked polymer gel was obtained .The dried gels were 
brittle and glassy in appearance. They swell in water and equilibrium swelling is 
obtained after several days. The water intake of the gels substantially increased 
when the polymer was subjected to an alkaline saponification. The water 
absorbency of hydrolyzed  polymer was found to be more than 1000 times their 
own mass. The unhydrolyzed polyacrylamide is neutral and has a randomly coiled 
configuration having consequently low swelling. On the other hand, the hydrolysed 
polymer has ionic character with an extended chain configuration. Such polymers 
display a better swelling behaviour. The degree of swelling of prepared 
polyacrylamide hydrogels depend on pH. 
The properties of hydrogels are greatly enhanced by mixing them with metal 
nanoparticles. Such materials have great promise for technology. We also carried 
out the formation of polyacrylamide hydrogels-metal nanoparticles composites by 
electrochemical method. The simultaneous reduction of a solution of acrylamide in 
water and metal ions occurred. Polymer-metal nanoparticles composites appeared 
to be formed insitu at the cathode. Silver, Zinc, Nickel, Iron, Copper metals were 
used as electrodes, anode and cathode being of the same metals. Yields of 
materials are dependent on the nature of electrode metals. A reaction mechanism 
is also proposed. 

Keywords: Polymerization, Electrochemical polymerization, polyacrylamide, cross linked 
hydrogels, initiator, nitric acid and Polymer-metal nanoparticles composites. 
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Temperature responsive water soluble poly(ethylene 
glycol) based polythiophene graft copolymers 

RadhakantaGhosh

Abstract: Diethyleneglycolmethylethermethacrylate(MeO2MA) and oligoethylene 
glycol methylethermethacrylate(OEGMA) are polymerized on polythiophene(PT) 
backbone to produce water-soluble PT-g-PMeO2MA(PTD) and PT-g-P(MeO2MA-
co-OEGMA)(PTDO) using atom transfer radical polymerization. They are 
characterized by 1H NMR and GPC techniques. TEM micrographs indicate that PT-
chains self-organize as nanospheres and atomic force micrographs suggest that 
aggregated PT-chains are present at the centre surrounded by dispersed 
PMeO2MA fibers producing miceller type aggregates. Dynamic light scattering 
study indicates an initial decrease followed by sharp increase of Z-average 
particle size of PTD with temperature for attaining lower critical solution 
temperature(LCST) at 200C. The LCST increases with OEGMA concentration in 

PTDO. The temperature dependent PL emission of PTD 
shows a minimum at 190C, followed by a sharp increase 
till 210C and in the cooling cycle it shows a complete 
reversibility. In the PTDO copolymers the PL intensity 
shows the hike at progressively higher temperatures due 
to the increase of LCST with increasing OEGMA 
concentration. 
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So far many miktoarm star polymers, through different polymerization 
techniques, have been reported. We have synthesized a novel dendrimer like star 
polymer, based on β -cyclodextrin, in which the primary alchoholic arms of β -
cyclodextrin core are linked to ABC type miktoarm star polymers. Intern,  6-
heptaazido-6-deoxy-β-cyclodextrin (7-N3-β-CD), synthesized from β -cyclodextrin, 
is clicked with alkyne terminated polystyrene which is synthesized through atom 
transfer radical polymerization (ATRP) technique to form β -CD-PS-Br. β-CD-PS-N3 

has been synthesized from β -CD-PS-Br through azidation. Further a mikto 
functional initiator having alcohol, xanthate and alkyne 
functionalities is used in ring opening polymerization 
(ROP) of D, L-Lactide, reversible addition-fragmentation 
chain-transfer (RAFT) polymerization of N-
Isopropylacrylamide and then click reaction with β -CD-
PS-N3. The synthesized star polymer has been well 
characterized by 1H NMR, FTIR and GPC. 
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The kinetics of the esterification of phthalic anhydride (PA) with 1,4 butenediol 
(BDO) in the presence of tetrabutyl orthotitanate as a homogenous catalyst was 
studied in semibatch reactor and produced 1,4 butanediol ortho-phthalate. 
Investigation of intrinsic rate constant carried out uder varied with the reaction 
temperature, agitator speed, reaction time and effect of catalyst were studied. 
Extent of reaction is confirmed by end group analysis i.e. acid value determination 
of reaction product and reaction kinetics mechanism is proposed for the different 
temperature sets. The maximum  conversion, approximately 80% was obtained at 
2000C for molar ratio of 2 BDO/PA. It was found the increasing temperature of the 
reaction, decrease the rate constantand conversion of certain mole ratio, that is 
due to the transeterification is endothermic. The experimental data shows overall 
rate of reaction followed a second order kinetics. The composition of polyols were 
determined by fourier transform infrared (FT-IR).  
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The reversible addition-fragmentation chain transfer (RAFT) polymerization of N-
vinyl pyrrolidone (NVP) has been investigated in the presence of prop-2-ynyl 
morpholine-4-carbodithioate (PMDC), a chain transfer agent (CTA). The influence 
of several experimental parameters, such as temperature, monomer 
concentration [M], dithioester to initiator molar ratio ([CTA]/[AIBN]) and monomer 
to dithioester molar ratio ([M]/[CTA]), has been studied with respect to 
polymerization duration, conversion limit. This study evidences the parameters 
leading to an excellent control of MW and molar mass distribution. Kinetics of the 
reaction strongly influenced by both temperature and [CTA]/[AIBN] ratio and to a 
lesser extent by monomer concentration. A high [CTA]/[AIBN] ratio resulted in a 
long induction time. Surprisingly, the control over MW and molar mass 
distribution was improved by an increase in temperature from 45 to 65°C. 
Moreover, an increase of the [CTA]/[AIBN] molar ratio from 2 to 10, also improved 
the MW control. Chain-end analysis by 1H NMR shows that polymerization started 
with radical forming out of dithiocarbamate agent. The activation energy (Ea= 
36.96 kJ mol-1) and enthalpy of activation (ΔH ‡= 39.94 kJ mol-1) were in a good 
agreement to each other and negative entropy of activation (ΔS ‡= -201.04 J mol-

1K-1) supports the highly ordered transition state during polymerization.  
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There are many efforts have been made to develop new catalyst systems for 
regio- or stereoselective polymerization of conjugated dienes to get higher 
amount of cis-1,4 polybutadiene for elastomer industry1-2. In the meantime, an 
interest in trans-1,4- regulated polymer has emerged as a thermoplastic or an 
important component of high-performance rubbers and the variety of catalyst 
systems have been designed for the trans-1,4- selective polymerization of 
isoprene, such as Ziegler-Natta catalysts based on Ti and V metals3. The trans-
polymerization of butadiene has been in turn less explored since the pioneer 
disclosures of Natta4. The resulting trans-1,4- regulated polymer displays good 
hardness and abrasion resistance 5-6, which motivated the search for the 
development of new trans-selective catalytic systems. Magnesium dichloride 
supported titanium Ziegler Natta (ZN) catalyst is used commercially for majority 
of polyolefin production but it is still less explored for butadiene polymerization 
as trans-selective catalytic systems. 
In this study we have explored magnesium dichloride supported titanium catalyst 
containing an ester moiety as an internal donor for 1,3-butadiene polymerization 
using triethyl aluminium as co catalyst. The polymerization performance was 
optimized by varying the Al/Ti molar ratio and we found that at higher molar ratio 
the, %conversion of 1,3-butadiene to polybutadiene increases. Similarly, we have 
also studied the effect of external donor on 1,3-butadiene polymerization 
performance. However in all cases the polymer obtained is having more than 95% 
trans-1,4- regulated polymer and thus the we have established that the catalytic 
system used is trans-selective in various conditions of polymerization. 
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The MgCl2-supported Ziegler-Natta catalyst is multi-component system including 
catalyst, co-catalyst, andelectron donors.The roles of internal and external 
electron donors have been discussed in various studies for MgCl2-supported TiCl4 
catalysts for propylene polymerization.Thepolymerization process efficiency and 
product characteristicsare the function of nature of external donors and its 
composition. The developed external electron donor (EED) provides higher 
productivity and gives higher hydrogen response which results in reduction in 
consumptions of hydrogen and co catalyst amount compared to known classical 
Ziegler Natta Catalyst system. The particular external electron donor systems is 
useful for specific application such as homo polypropylene used for slit tape 
application, injection moulding grade, high stiffness application and also for 
impact copolymer grades.  
In this study we have explored EED system containing isopropyl Myristate (IPM) 
and cyclohexylmethyl dimethoxy silane (C-Donor) mixture for monoester catalyst 
system. The influences of EED system during slurry phase propylene 
polymerization performance as well as its effects on polymer properties were 
studied with monoester type Z-N catalyst.We have optimized the mixture of EED 
by varying the composition of silane compound and also through different Al/D 
ratios.The EED system was found to influence on thehigh productivityand it has 
also higher hydrogen response compared to knownexternal donor system (PEEB). 
For detailed understanding of the system, we have also used various long chain 
aliphatic carboxylic esters and different alkyl alkoxy silane compounds. 

Figure 1: Polymerization performance  Figure 2: Polymerization performance 
 of PEEB v/s   EED at different mole%.  of EED at different Al/D mole ratios. 
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Polyacryloylhydrazide (PAH) synthesized by a robust method was used as the 
reducing agent for azo, nitrile and nitro group. The reduction of N=N bond of 
various azo dyes was smooth under room temperature condition. Visual color 
change and UV-Vis spectroscopic analysis suggested successful reduction. The IR 
peak for N=N bond (1591cm-1) disappeared in the product after reduction 
supporting the conversion. The post reduction purification was smooth as the 
polymer catalyst was separated easily by simple precipitation in methanol. 
Structural similarity with hydrazine hydrates makes it a suitable reducing agent 
for wolff-kishner type reduction. Furthermore, the biocompatibility of the PAH 
makes it a robust & cost effective alternative to replace biocatalysts agent such as 
microorganism mediated redox conversion of poisonous soluble Cr(VI) into 
insoluble Cr(III). The above studies are currently under progress and will be 
presented during the symposium. 

 
Key words : Polyacryloylhydrazide, azo dyes, ketoreductase. 
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Polyacryloyl hydrazide (PAH) based hydrogels through chemical or dual cross 
linking pathway were prepared and studied. PAH was synthesized from 
polymethyl Acrylate (PMA) through nucleophilic substitution reaction with 
hydrazine hydrate in presence of tetra-n-butyl ammonium bromide. The 
hydrogels based on PAH with different cross linkers such as dimethyl 2,2'-
thiodiacetate (DTDA), acrylic acid (AA), diethyl malonate (DEM) and polyethylene 
glycol (PEGDA) were synthesized at room temperature or70 °C. The swelling ratio 
study of hydrogels was carried out at room temperature as well as higher 
temperature. These hydrogels showed swelling ratio in the range of 20- 800% 
depending on type and concentration of the cross-linker as well as temperature 
and pH of the medium. The injectibility of hydrogels containing cross linker 
concentration up to 0.7 mol/L were confirmed by observed yield stress above 
10% strain and the viscosity decreased by at least two orders of magnitude upon 
increasing the shear rate by 1000 times. Moreover, under physiological conditions 
hydrogels released up to 84% of the total encapsulated Rhodamine B in a 
controlled mode over a period of 120 h. Among these hydrogels, the hydrogels 
synthesized with AA and PEGDA as a cross linkers are potential candidates for 
controlled delivery, conformed by exhibited excellent cytocompatibility. 
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Surface functionalized Nano fiber(NFs) with cores sheath nanostructures have 
attracted a lot of attention in variety of applications including catalysis, tissue 
engineering,1 photonics, microfluidics2 and enzyme applications.3 Synthesis of 
such structures becomes important in transforming them into different Nano 
templates like nanotubes, nanowires etc. electrospining is easy, simple and cost 
effective method for preparation of nano fiber, NFs have enhanced properties 
compared to conventional fibers because of their large surface area to volume 
ratios. Previous attempts on surface functionalization of NFs have been achieved 
via co-axial electrospining4. In this work, we demonstrate a unique approach to 
prepare core-shell PVA/PE Nano fibers  
Core-Shell electrospun Nano fibers of polyethylene (PE) / polyvinyl alcohol (PVA) 
is synthesized by polymerizing ethylene using titanium chloride incorporated 
PVA (NF) precursor in presence of methylaluminoxane as cocatalyst in hexane 
slurry phase. The shell of Polyethylene over PVA core is noted as evidenced from 
SEM and EDX data. Thermal analysis of core-shell Nano fiber also indicates 
presence of polyethylene due to observation of melting peak at 134 °C. The Nano 
fiber precursor is prepared by reaction of PVA electrospun fiber with titanium 
tetrachloride. The obtained titanium incorporated PVA was found to be insoluble 

in protonic solvent due to reaction of OH 
group in PVA with titanium tetrachloride 
leading formation of cross-linked mat. This 
methodology is useful for synthesizing 
incompatible class of polymers with core-shell 
morphology at Nano scale. 

Figure 1: A. Schematic setup for solution electrospining B. SEM micrograph of pure PVA 
Nanofiber spun C. PVA Nanofiber treated with TiCl4 and ethylene polymerized at 1100C  

 
References  
1. Linh, N. T.; Min, Y. K.; Song, H. Y.; Lee, B. T. J Biomed Mater Res B Appl. Biomater, 2010, 95, 184-191. 
2. Chang, H. C.; Yeo, L. Y. Electrokinetically driven microfluidics and nanofluidics; Cambridge University 

Press: Cambridge ; New York, 2010. 
3. Haghi, A. K.; Zaikov, G. E. Electrospining of nanofibers from introduction to application; Nova Science 

Publishers: Hauppauge, N.Y, 2011. 
4. Fu, G. D.; Lei, J. Y.; Yao, C.; Li, X. S.; Yao, F.; Nie, S. Z.; Kang, E. T.; Neoh, K. G. Macromolecules, 2008, 41, 

6854-6858. 



88 

 

Development of Highly efficient Graft Copolymers based 
on xanthan gum and vinyl monomers for Organic dye 

removal from waste water 
Arti Srivastava1*, Pratibha Mondal1 and Rajesh Kumar2 

1* Department of Chemistry, School of Physical Sciences, 
Guru Ghasidas Vishwavidyalaya, Bilaspur-495009 (CG)  

2 Department of Chemistry, Faculty of Science, Banaras Hindu University, 
Varanasi-221005, UP, India 

E-mail: reach2arti@yahoo.co.uk* 

 
This presentation will highlight some of our recent research work on the synthesis 
of various graft copolymer materials using free radical polymerization techniques. 
Different types/grades of graft copolymers based on natural polysaccharide viz. 
Xanthan gum and vinyl monomers viz. acrylamide, and 2-acrylamido-methane-1-
propane sulphonic acid, were synthesized by varying the amount of vinyl 
monomers and natural substrates by graft copolymerization methodology. The 
graft copolymers were used to remove organic dyes from waste water, coal 
suspended particles from aqueous solution by flocculation process and by UV 
analysis. Different types/grades of graft copolymers were studied for adsorption 
of heavy metal ions (Pb2+, Cd2+ , Hg2+, Zn2+, Co2+, Ni2+

, As2+ ) from the contaminated 
waste water. Among the different graft copolymers, the ionic graft copolymer 
based on AMPS show best performance in the dye removal and heavy metal ion 
adsorption. The synthesized graft copolymers adsorb good amount of organic 
dyes. Therefore, synthesized graft copolymer can be utilised as adsorbent for 
organic dye removal and also metal ion sorption and has applicability to the 
method of separation of various dyes and metal ions for analytical and 
technological purposes such as the treatment of waste water.  
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Three arms star initiator based dual (pH and temperature) responsive block 3A-
(PDEGMEM-b-PDMAEMA) and random 3A-(PDEGMEM-stat-PDMAEMA) 
copolymer are synthesized by ATRP using diethylene glycol methyl ether 
methacrylate and N, N dimethyl amino ethyl methacrylate monomer at 30 0C. 
They are characterised by 1H NMR and gel permeation chromatography (GPC) 
techniques. Both the polymers show excellent aqueous solubility at low 
temperature but at high temperature they are insoluble due to the lower critical 
solution temperature (LCST) of PDEGMEM at ~26 0C and a sharp increase of 
particle size is observed from dynamic light scattering (DLS) data.  The star 
shaped random block copolymer of PDEGMEM and PDMAEMA also exhibit 
reversible micellization / dissociation (multistep micellization) at varied 
temperature and pH conditions.This system requires increased temperature for 
micellization with decreasing pH of the medium. This system has shown micellar 
state of aggregation at pH values near 7 under physiological temperature range 
and at this temperature when the pH is lowered micellar dissociation operates. 
Therefore, this polymeric system should perform better for delivery of 
hydrophobic drug molecules in the malignant tumour tissues having pH range 5 
to 7. 
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Poly(L-lactide-b-dimethyl siloxane-b-L-lactide) (PLLA-b-PDMS-b-PLLA) triblock 
copolymers with different block ratios were synthesized by ring opening 
polymerization of L-lactide using Sn(Oct)2 and bis(hydroxyalkyl) terminated PDMS 
as a co-initiator. The block copolymers were immiscible in the melt, the break out 
and preservation of the nanostructure of the triblock copolymer has been 
investigated by variable temperature wide-angle X-ray diffraction (WAXD) and 
small-angle X-ray scattering (SAXS) using samples with different thermal histories. 
This situation allowed us to investigate the crystallization and melting behaviors 
of PDMS component and PLLA component in triblock copolymers. At the same 
time, the effects of block ratio and the isothermal cold crystallization 
temperatures on the melting and polymorphic behavior of PLLA were 
investigated. In the case of higher volume fractions of PLLA, it was found that 

PLLA crystallized into disordered and 
ordered α form depending on the 
isothermal cold crystallization 
temperature. In contrast, PLLA 
crystallized into the ordered α form 
irrespective of the isothermal cold 
crystallization temperature in lower 
volume fractions of PLLA. 
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Synthesis of  bio based polyurethanes(PU) are  widely  used in the field of 
adhesive and coatings due to there high reactivity & high flexibility.As 
polyurethane adhesive (PU) free of volatile organic component is less toxic and 
avoid environmental pollution, for that biobased PU adhesive synthesized by 
reacting castor oil based polyester polyol with partially biobased HDI. This can be 
confirmed by lap shear test. Effect of catalyst can be verified by the dsc curing 
kinetics. Degradation behavior can be studied by UV, lap shear, mechanical, SEM. 
Solvent resistance of PU adhesive was investigated by keeping the sample in 
different media. The thermal stability of these polymers was determined by the 
TGA. 
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Recent years has witnessed the increasing demand for natural resources and 
products in polyurethane synthesis because of global warming, sustainable 
development and oil crisis. For this purpose, different plant oils such as soybean 
oil, castor oil and linseed oil are extensively used. Moreover, the isocyanate used 
for the synthesis of polyurethane is derived from petroleum resources. In this 
present work attempts have been made for the successful synthesis of biobased 
isocyanate from castor oil modified and unmodified with partially biobased 
isocyanate in presence of catalyst dibutyltin dilaurate (DBTDL).The goal of the 
present study was to investigate  the thermal, mechanical, morphological and 
chemical properties of the synthesized polyurethane in terms of castor oil 
modification. The transesterified polyol showed broad and higher hydroxyl value 
as compared to castor oil which was confirmed by FTIR studies. The FTIR studies 
also revealed the successful synthesis of bio based polyurethane by showing 
characteristic peaks at 3300cm-1, 1715cm-1 and 1532cm-1 respectively. The 

thermogravimetric (TGA) results showed three 
step degradation mechanism for the synthesized 
polyurethane from modified and unmodified 
castor oil. However, the modified polyurethane 
exhibited higher degradation temperature as 
compared to unmodified one. The mechanical 
properties also demonstrated higher tensile 
strength for modified polyurethane as compared 
to unmodified one. 
 

FTIR Graph of (a) Castor oil and Transesterified Castor oil (b) Polyol 0.2 (c) Polyol 0.4 
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Hyperbranched polymers (HBPs) have seen extensive growth during the past two 
decades; this has also been accompanied by a recent upsurge in several 
interesting potential applications. The most important features of HBPs that make 
it very attractive are their compact molecular conformation and the relatively 
simple and scalable strategies for structural manipulations. During the past few 
years, we have developed some simple methodologies to access peripherally 
clickable HBPs that carry either propargyl/allyl terminal groups; it was also shown 
these groups can be readily modified quantitatively using the azide-yne or thiol-
ene click reactions.1  
Hetero-functionalized HBP is a term that could be used to describe HBPs whose 
periphery is decorated with two or more different types of segments; it was 
recently shown by us that if these segments are mutually immiscible, then self-
segregation can lead to the formation of Janus and Tripodal molecular structures.2 
One aspect that has been largely unexplored is tailored core-functionalization to 
impart specific functions to HBPs;3 in an effort to do so, we examine in this study 
general methods to prepare orthogonally functionalizable HBPs that bear two 
types of clickable functionalities – one type within the core region and the other 
at the periphery, as depicted in the scheme below. Such a general strategy would, 
in principle, permit the decoration of the periphery to impart the required 
solubility, while at the same time to install other types of functionality within the 
core to provide specific functions to the HBP; these could include sequestering 
analytes through specific binding, sensing, catalysis, etc. In this poster, different 

strategies to prepare such 
orthogonally clickable HBPs will 
be presented along with some 
initial results on imparting 
specific functions to these 
systems.  

Figure-1: Schematic representation of orthogonally functionalized HBPs 
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       c.   Rajkumar, R.; Ramakrishnan, S. J. Polym. Sci. Chem. Ed. 2011, 49, 1735-1744.  
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Membrane based gas separation has already established as a highly efficient 
technique for the separation and purification of gases [1]. Aromatic polyamides 
due to their excellent mechanical and thermal properties can be used as a 
membrane materials in petrochemical industries for natural gas sweetening and 
also for the preparation of oxygen and nitrogen enriched air [2]. Considering the 
general tradeoff between gas permeability and permselectivity [3] a series of 
organo-soluble new aromatic polyamides were designed and synthesized from 
the new diamine containing pendant adamantane substituted triphenylamine 
(TPA) moiety and five different diacids. Incorporation of rigid propeller shaped 
TPA moiety yielded amorphous polyamides which were readily soluble and cast 
into flexible membranes (tensile strengths ~ 104 MPa). All the membranes 
showed high thermal stability (440 °C < Td10 in air). Basically, the effect of 
adamantane substituted TPA moiety on gas permeation and diffusion processes 
of four different gases (e.g., CH4, N2, O2 and CO2) were measured at 35 oC and at 
applied pressure of 3.5 bar. All these aromatic polyamides showed a favorable 
combination of permeability-selectivity (PCO2 = 61.5 and PO2 = 14.2 Barrer, PCO2/PCH4 
= 63.00 and PO2/PN2 = 11.67) over many other reported polymers. The gas 
permeation properties of these PAs were correlated with their fractional free 
volume distribution. 
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Donor-Acceptor type low-band gap conjugated copolymers consisting of 
fluorene and cyclopentadithiophene as donors and various acceptor moieties 
were synthesized by Suzuki polycondensationand Directarylation coupling 
method in good yields. These polymers were characterized by 1H NMR, UV-Vis 
absorption spectroscopy, thermo-gravimetric analysis and Cyclic Voltammetry. 
Optical properties of these polymers in solution as well as thin film were studied 
by UV-visible absorption and photoluminescence spectroscopy. All polymers 
showed strong absorption in UV-visible region in the range of 385- 665nm. 
Thermal properties were studied by thermo-gravimetric analysis, the thermal 
decomposition temperatures were found to be in the range of 250-350 °C. 
Electrochemical studies were done by Cyclic Voltammetry in 0.1M TBAP solution 
in acetonitrileby which HOMO-LUMO levels and electronic band gaps were 
calculated. The band gaps of the synthesized polymers were found to be in the 
range of 1.40-1.65 eV which is promisablefor use in polymer solar cells. 
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A precursor approach was used to readily synthesize dibromo functionalized azo 
containing monomers. These monomers were found to undergo Suzuki 
polycondensation with various co-monomers to generate a series of copolymers 
with azo group along the polymer backbone. Various donor-donor type and 
donor-acceptor type copolymers were synthesized by this approach. The 
synthesized polymers showed good solubility in common organic solvents and 
good thermal stability with initial degradation temperature in the range of 351-
411 °C. These polymers were characterized by 1H NMR, FT-IR, photoluminescence, 
cyclic voltammetry, gel permeation chromatography, thermo-gravimetric analysis 
and UV-Visible absorption spectroscopy. UV-Vis measurements in solution and 
film exhibited absorbance maxima in the range of 400-500 nm for the various 
polymers whereas the monomer exhibited an absorbance maximum of 315 nm. 
The optical band gap of the synthesized polymers was found in the range of 2.1-
2.3 eV. Optical and electrochemical properties of the synthesized azo linked 
polymers indicate their suitability for potential electronic applications. 
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The aim of the present work is to reduce the curing temperature of thermally 
curable cardanol based benzoxazines by introducing multifunctionalisationinto 
the monomer. The amine fraction required for the synthesis of monomer is 
derived by tertiary recycling of PET bottle waste. Aminolysis of PET was carried 
out in the absence of catalyst to obtain Bis-(amino-ethyl)terepthalmide (BAETA) in 
high yields, which was employed as the difunctional amine for preparation of bis-
benzoxazine. Complete aminolysisof PET could be achieved within 10 min under 
optimum reaction conditions.Cardanol: a byproduct of cashew nut industry, 
BAETA and formaldehyewere reacted in requisite amounts (2:1:4 molar ratio) to 
yield sustainable bis-benzoxazines, the structure of which was confirmed using 
FTIR and 1H-NMR.The curingbehavior of the bis-benzoxazine wasstudied using 
non-isothermal Differential Scanning Calorimetry. The studies revealed that 
introduction of bifunctionalityled to a 
substantial reduction in the curing temperature, 
which decreased from an initial value of 240 
°Cto 174°C. The pronounced reduction in the 
curing temperature could be attributed to the 
instability of the benzoxazines rings due to 
introduction of bulky amine functionality. The 
adhesive strength of prepared resin was 
determined from interlaminar shear strength 
studies.  
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A new atom transfer radical polymerization (ATRP) initiator, namely, 2-(1, 1-bis(4-
(allyloxy)phenyl)-3-oxoisoindolin-2-yl)ethyl 2-bromo-2-methylpropanoate was 
synthesized starting from phenolphthalein- a commercially available, and an 
inexpensive chemical. Well- defined bis-allyloxy functionalised polystyrene 
macromonomers (Mn,GPC 4,800-11,700 g mol-1) with controlled molecular weight 
and narrow molecular weight distribution (1.05-1.09) were synthesized using 
ATRP by varying monomer to initiator feed ratio. The presence of allyloxy 
functionality on polystyrene was confirmed by FT-IR and 1H-NMR spectroscopy. 
The kinetic study of polymerization revealed the pseudo-first order kinetics with 
respect to the monomer consumption. Initiator efficiency was found to be in the 
range 0.80-0.95. MALDI –TOF spectra showed narrow molecular weight 
distribution with control over molecular weight. The reactivity of allyloxy groups 
on polystyrene was successfully demonstrated by quantitative photochemical 
thiol-ene click reaction with benzyl 
mercaptan as a model thiol reagent. 
Furthermore, the thiol-ene click reaction 
was exploited to introduce other 
reactive functional groups such as 
hydroxyl and carboxyl by reaction of 
α,α’-bisallyloxy functionalised 
polystyrene with 2-mercaptoethanol and 
3-mercaptopropionic acid, respectively.                     
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Membrane based gas separation technology has got a special interest in both 
academia and industry [1-2]. Excellent thermal stability, chemical resistance, film 
forming ability, mechanical strength and versatile chemistry made poly(arylene 
ether)s (PAEs) promising materials for gas separation applications [3]. 
Accordingly, this work reports the synthesis of a new cardo bisfluoro monomer 
with branched aliphatic chain; 9, 9-bis (2-ethylhexyl) -2, 7-bis [4-fluoro-3-
trifluoromethylphenyl] - 9H - fluorene and its polymerization with  six different 
bishydroxy monomers namely 4, 4'- dihydroxybiphenyl, 4, 4'-
isopropylidenediphenol (BPA), 2, 2 -bis (4-hydroxyphenyl) hexafluoropropane 
(6FBPA), 4,4'-(9-fluorenylidene)diphenol, 4,4'-cyclohexylidenebisphenol and N-
phenyl-3,3-bis (4-hydroxyphenyl)phthalimidine. The monomer and the PAEs were 
characterized by elemental analysis, 1H NMR, and FTIR techniques. The molecular 
weights of the PAEs were determined by GPC. Thermal and mechanical properties 
of the PAEs were also investigated. The polymers showed Tg up to 189 oC, 10 % 
degradation temperature up to 427 oC and 420 oC under nitrogen and air 
atmosphere respectively, tensile strength up to 64 MPa and dielectric constant (ϵ) 
as low as 2.33. The effect of cardo moiety together with branched aliphatic chain 
in the PAEs on gas transport properties were investigated at 35 oC using four 
different gases (e.g., CH4, N2, O2 and CO2). The PAEs showed high gas permeability 
and permselectivity in comparison with many other previously reported PAEs. 
The PAEs with two cardo moieties exceeded the upper boundary limit drawn by 
Robeson for O2/N2 gas pair and PAE containing phthalimidine moiety exhibited 
high permeability and permselectivity for CO2/CH4 (PCO2=74.65 and 
PCO2/PCH4=61.69) gas pair which is very close to the present upper boundary 
limit drawn by L. M. Robeson. 
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Triptycene, the simplest member in iptycene family, was first synthesized by 
Bartlett and co-workers in 1942.1 In triptycene, three benzene rings are connected 
together by a [2.2.2]bicyclic ring in a paddle wheel configuration. Three 
dimensional (3D) rigid triptycene has been extensively used as a building block in 
supramolecular chemistry and polymer chemistry during last fifteen years.2-4 
Although Swager, Chen and others have reviewed progress in triptycene based 
polymers, there is still a lot of scope in the development of new polymers 
synthesized from triptycene monomers. 

 
Herein, synthesis and characterization of a series of organosoluble 1,2,3-triazole 
linked alternate copolymers bearing triptycene motif will be discussed. The effect 
of temperature in regioselective formation of triazole units will be described. Some 
of the polymers were found to be fluorescent. Application of these triazole motif 
containing fluorescent triptycene based polymers in detection of nitroaromatic 
compounds (DNB, DNT, picric acid) will be discussed. 
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Hyperbranched polymers based on amino acids are important classes of materials 
for applications in biomedical industry. New classes hyperbranched poly (ester-
urethanes) and linear poly(esters) have been synthesized by melt self-
polycondensation from the same ABB’ amino acid monomers. Structures of these 
polymers were established by 1H, 13C NMR and MALDI-TOF MS spectrometry. The 
ABB’ monomer has one ester, carbamate and one hydroxyl group. At 120 ⁰C in 
serine monomer only ester and hydroxyl group participate in the condensation to 
produce linear polyesters. At 150 ⁰C both ester and carbamate functionalities 
undergoes reaction with hydroxyl group resulting in hyperbranched poly(ester-
urethanes). Degree of branching which is a characteristic of hyperbranched 
polymers was calculated as 0.65 from its 1H NMR spectrum. Further the molecular 
weights of the polymers were determined by GPC which are in the range of 
15,000 to 20,000. These polymers were thermally stable up to 230 ⁰C determined 
from TGA analysis. Secondary structures and optical activity of the polymers were 
characterized by CD and absorption spectroscopes.  The linear polymers have 
given intense CD signal whereas in hyperbranched polymers did not show any 
CD signal due to the branching nature. FE-SEM and TEM images of 
hyperbranched and linear polymers showed particle and fibrous nature, 
respectively. 
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Polymers based on biological resources have gained significant interest due to 
their potential application in therapeutics, cosmetics, biodegradable, 
biocompatible engineering thermoplastics and so on. Among the natural 
resources, amino acids are important class of biological - monomers for 
producing well-defined macromolecular architectures. Design and development 
of new synthetic approaches provide excellent opportunities for new-generic 
amino acid based biodegradable and biocompatible plastics.  Recently, we have 
developed unique dual ester-urethane condensation chemistry for amino acid 
monomers under solvent free eco-friendly melt process. In this new process, 
amino acids were readily converted into dual ester-urethane monomers and 
polycondensed with commercial diols to produce high molecular weight fibrous 
polymers.  The new synthetic process was tested for more than half-dozen of 
amino acids: glycine, β-alanine, L-alanine, L-leucine, L-phenylalanine and L-valine 
along with variety of commercial diols.  Further, the development of new 
temperature and catalystselective melt condensation chemistry for ester 
functional group offers amino acids monomers to make diverse polymer 
architectures such A-B diads and A-B-A triads, amine functionalized linear 
polyesters, and cross-linked thermo-sets in a single synthetic approach under 
solvent free eco-friendly conditions. The enantioselectivity of the new reaction is 
also tested for D- ad L-isomers. These new classes of functional polymers were 
self-assembled to produce helical polymer assemblies. Anticancer drug molecules 
were loaded in the polymer micellar assemblies and their release mechanism was 

investigated using pH and 
enzyme as enzymes. 
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 Development of new free radical initiator systems that are capable of producing 
polymers with controlled molecular weights and low polydispersity is an 
emerging area of research compared to the use of conventional radical initiators 
such as benzoyl peroxide and azobisisobutyronitrile as these system resulted 
polydisperse polymers (PDI > 2) in absence of any chain transfer agent. Moreover, 
synthesis of well defined polymeric architectures by conventional radical 
initiators is very rare. In this regard, we have developed a versatile initiator for 
alkyl methacrylates and successfully synthesize different polymeric architectures 
by proper design of different initiators. 
N,N-Dimethylanilinium p-toluenesulfonate (PTSA-DMA) has been successfully 
used as a versatile initiator for the quasi-living free radical polymerization of 
several alkyl methacrylate monomers such as methyl, ethyl, n-butyl, tert-butyl, 
and benzyl methacrylates (MMA, EMA, n-BuMA, t-BuMA and BzMA respectively) at 
60 °C in dry THF.1 The produced poly(alkyl methacrylates) had narrow 
polydispersities (PDIs) (Mw/Mn = 1.16-1.45). EPR spectroscopic study showed that 
this polymerization proceeded through radical mechanism. Quasi-living nature of 
this polymerization system was established by the chain extension experiment as 
well as the successful synthesis of a block copolymer of poly(methyl 
methacrylate)-b-poly(methyl methacrylate-co-benzyl methacrylate), by the 
sequential addition of the respective monomers as confirmed through NMR, DSC 
and AFM.  
After gaining the knowledge about PTSA-DMA polymerization system, we extend 
our strategy for the synthesis of different polymeric architectures utilizing 
different designed initiators based on leucomalachite green, leucocrystal violet 
and 4- ((4-(bis (4-(dimethylamino) phenyl) methyl) phenyl) (4-(dimethylamino) 
phenyl)methyl)-N, N-dimethylbenzenamine with p-toluenesulfonic acid.  
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Polymers containing disulfide functionality exhibit sensitivity to redox stimuli and 
also to light owing to the labile nature of the S-S bond. Thus disulfide containing 
polymers have found applications in diverse fields including drug or gene 
delivery and self-healing materials. We envisioned a facile synthetic method that 
can produce structurally diverse poly(disulfide)s with tunable degree of 
polymerization and offers possibility of versatile end group modification and 
bioconjugation would have great utility as the existing methods based on 
oxidative polymerization require rather harsh reaction conditions and thus offer 
limited opportunities for functional group diversity. We have recently established 
a mild synthetic route for preparation of telechelic poly(disulfide)s by a step-
growth polymerization between a dithiol monomer (for example 1,6-
Hexanedithiol (M2)) and commercially available 2, 2’- Dithiodipyridine (M1) 
with stoichiometric imbalance (M1 > M2)[1].  A series of telechelic polymers could 
be prepared with predictable molecular weight and reactive pyridyl-disulfide end 
groups by varying the M1/ M2 ratio. Chain-end functionalization of the resulting 
poly(disulfide)s was possible by treating the parent polymer with R-SH where R 
contains functional group of choice such as hydroxyl, amine or carboxylic acid. 
The hydroxyl functionalized telechelic polymer was further used as a 
macroinitiator for ring opening polymerization of a cyclic lactide to produce an 
ABA triblock copolymer. This newly developed methodology for preparation of 
poly(disulfide)s and its implications in synthesis of stimuli-responsive functional 
polymers will be the focus of this presentation.  

Scheme 1: Synthesis of telechelic poly(disulfide)s and block copolymers. 
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High performance thermoplastics likepoly(arylene ether)s (PAE)s have found 
immense importance in microelectronic application as insulating materials owing 
to their low dielectric constant during these years. Three new semifluorinated co-
PAEs containing cardofluorene moiety in the main chain have been synthesized 
by one pot high temperature polycondensation reaction using two bis-hydroxy 
compounds, 9,9-bis(3,5-dimethoxy-4-hydroxyphenyl)fluorene(DMHF), bisphenol 
A (BPA) and three different bis-fluoro monomers.The polymers exhibited good 
processabilitydue to the presence bulky –CF3 groups and ether linkages.Flexible, 
transparent and mechanically strong membranes were obtained after solution 
casting from N,N-dimethylacetamide. Lower polymer concentration and lower 
cooling rate induced nanoporeswithin the membranes. Regular distribution of 
nano-pores was observed by FESEM analysis, whichconsiderably reducedthe 
dielectric constants (κ)of the membranes(~2.25 - 2.42 at 1 MHz). The presence of –
CF3 groups and cardo fluorine moiety also played an important role for such low 
k. The polymers exhibited reasonably high thermal stability (Td10, 459-485°C) and 
high glass transition temperature (215-228 °C) with no crystallization peak 

suggesting amorphous nature of the polymers. 
Furthermore, membranes exhibited good 
mechanical properties with tensile strength in the 
range of 55.5-70.1 MPa and modulus value in the 
range 1.53-1.72 GPa. The membranes also 
revealed good optical transparency (λcut-off= 350-
370 nm) along with very small water absorption 
(0.38-0.49 %) at saturation.  

Figure 1: FESEM image on cross section 
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The objective of this work was to develop a versatile strategy for preparing 
biodegradable polymers with tunable properties for biomedical applications. A 
family of xylitol-based cross-linked polyesters was synthesized by melt 
condensation. The effect of systematic variation of chain length of the diacid, 
stoichiometric ratio and postpolymerization curing time on the physicochemical 
properties was characterized. The degradation rate decreased as the chain length 
of the di-acid increased. The polyesters synthesized by this approach possess a 
diverse spectrum of degradation (ranging from ~4 to 100 % degradation in 7 
days), mechanical strength (from 0.5 to ~15 MPa) and controlled release 
properties. The degradation was a first-order process and the rate constant of 
degradation decreased linearly as the hydrophobicity of the polyester increased. 
In controlled release studies, the order of diffusion increased with chain length 
and curing time. The polymers were found to be cytocompatible and are thus 
suitable for possible use as biodegradable polymers. This work demonstrates that 
this particular combinatorial approach to polymer synthesis can be used to 
prepare biomaterials with independently tunable properties. 
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Effect of HTPB microstructure on HTPB based polyurethane network (HTPB-PU) 
were investigated. These evaluations were carried out by mean of several 
characterization like  measurement of gel point, mechanical properties, hardness, 
cross link density measurement and thermal analysis like STA (TG-DTA). The 
variation of microstructures concentration (cis, trans and vinyl, See Fig. 1) were 
observed in   different grades of HTPB.  Its creates remarkable variation in PU 
properties with respect to mechanical, thermal properties and crosslink density. 
The results showed that polyurethane synthesized from HTPB prepolymer 
containing higher amount of cis and trans microstructure exibited better pot life, 
good mechanical properties and thermal stability with higher cross link density. 
Here, three different grades of HTPB were experimented. HTPB (Gr. 2) contains 
higher amount of cis and trans microstructure. The polyurethane synthesized 
from HTPB (Gr. 2) i.e.  HTPB (Gr.2)-PU shows improved mechanical properties with 
better thermal stability and crosslink density as  compared to other two 
polyurethane. Hence, HTPB (Gr.2) is relatively superior prepolymer than the other 
two grades for  better HTPB-PU network formation.  
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Fig. 1: Microstructure of HTPB (a) cis, (b) trans  (c) vinyl 
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Glycidyl Azide Polymers (GAP) and Poly Nitratomethyl methyl oxetane 
(PolyNIMMO) are promising candidates as energetic binder in futuristic advanced 
propellants and explosive compositions having positive heat of formation, 
minimum smoke and low sensitivity. Because of these properties, These energetic 
binders appear to be a promising replacement of Hydroxy terminated 
polybutadiene (HTPB) in propellant/explosive compositions. Formulations based 
on GAP and PolyNIMMO are often have low tensile strength and poor elongation 
which restrict them to be used as binder. 
It is well reported that polyurethane nanocomposites based on montmorillonite 
clay are having better mechanical properties like tensile strength, better adhesion 
and flexibility. So, attempts have been made to prepare energetic nano 
composite based on GAP and PolyNIMMO. Organo modified montmorillonite clay 
was dispersed (2-3 wt%) in polymer matrix by high speed stirring at elevated 
temperature followed by ultrasonication to give exfoliation of silicate layers of 
organo clay. Then, this mixture is cured with calculated amount of Tri Methylol 
Ethane (TME) as a crosslinker and Desmodur N100 as a curator in presence of 
catalyst. Clay dispersion leading to exfoliation in polyurethane nanocomposites 
was investigated by X-ray diffraction analysis and its morphology was studied by 
Scanning Electron Microscope. Further, these composites were characterized by 
FTIR, DSC, Rheological and mechanical properties. 
The thermal behavior of composite samples was investigated by DSC and found 
comparable with the control samples i.e. cured GAP without nano-clay. Glass 
transition temperature determined by DSC was also similar for nanocomposites 
and control samples. Almost 80% increase in tensile strength and 70% increase in 
E-modulus were found for GAP and  PLN based nanocomposites where the clay 
dispersion was up to 3%. Rheological parameter like flow behavior, yield stress, 
shear velocity etc, after clay dispersion has also been investigated in order to see 
the solid loading in the binder before curing. These energetic nanocomposites 
were also found to be an ideal coating material for the desensitization of HEMs. 
HNF and CL-20, RDX etc. were successfully desensitized by coating with these 
energetic nanocomposites. 
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A new triarylamine containing diamine possessing pendant pentadecyl chain, 
namely 4, 4’-diamino-4''pentadecyltriphrnylamine, was successfully synthesized 
starting from cashew nut shell liquid- a non-edible oil which is a by-product of 
cashew processing industry. 4, 4’-Diamino-4''pentadecyltriphrnylamine was 
polycondensed with commercially available aromatic dianhydrides, viz. 4,4'-
(hexafluoroisopropylidene)diphthalic anhydride (6-FDA), 4,4'-oxydiphthalic 
anhydride (ODPA) and 4,4'-biphenyl diphthalic anhydride (BPDA) by single step 
high temperature polycondensation in m-cresol. Inherent viscosities and number 
average molecular weights were in the range of 0.4-0.55 dL/g and 12,000-33,000 
respectively, indicating formation of reasonably high molecular weight 
polyimides. Polyimides were amorphous and easily soluble in organic solvents 
such as chloroform, N-Methyl-2-pyrrolidone, N,N-dimethylacetamide, etc, which 
could be attributed to the ‘packing disruptive’ effect of the pentadecyl chains. 
The polyimides could be cast into flexible and transparent films from their 
chloroform solution. Glass transition temperatures (Tg) of polyimides were in the 
range of 172°C-233°C and 10% weight loss (T10) temperatures were in the range 
415°C-440°C with char yields of 35%-45%, indicating their good thermal stability. 
Polyimides exhibited maximum UV-Vis absorption at 325 -336 nm in chloroform 
solution as well as in the form of thin films. The electrochromic properties of 

polyimides were studied by electrochemical and 
spectrochemical methods. Cyclic voltagrams of 
triarylamine containing polyimides showed half- 
wave potentials (E1/2) at 0.68 V-0.75 V vs. Ag/AgCl in 
dry acetonitrile solution and exhibited a reversible 
colour change from neutral pale yellow to bright 
green or blue on switching the potential between 
0 V and ~1.4 V. 
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Earlier we have reported a novel synthetic platform for grafting of various vinyl 
monomers [mainly (meth)acrylates]1. The strategy involved Atom Transfer Radical 
Coupling(ATRC)2 of 4-Hydroxy-2,2,6,6-tetramethylpiperidine 1-oxyl radical(4-
Hydroy TEMPO) on PVDF backbone, followed by coupling of suitable acyl halide 
moieties to develop model initiating sites for Atom Transfer Radical 
Polymerization(ATRP) of vinyl monomers. Here in this report, we have prepared a 
water soluble PVDF grafted Polymethoxyethoxyethyl-methacrylate (PVDF-g-
PMeO2MA) by polymerization of MeO2MA on PVDF backbone using atom transfer 
radical polymerization (ATRP) with copper based catalyst system at 60 0C. 
Characterisation of the synthesized polymer has been carried out using FTIR, 
NMR, GPC, DSC and XPS techniques. Dynamic light scattering study of PVDF-g-
PMeO2MA in water indicates a sharp increase of Z-average particle size for 
attaining lower critical solution temperature(LCST) at 24 0C and in the cooling 
cycle, it shows a complete reversibility. 
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High performance polymers such as aromatic polyesters and polyamides have 
received considerable attention due to their notably high impact on industry. 
These polymers find applications in various industries such as aero-space, 
automobiles, electronics, packagings, coatings, etc, due to their excellent 
mechanical and thermal properties, good chemical resistance and insulating 
properties. However, for more specific applications these polymers are limited in 
scope because of the lack of functionalities on the polymer backbone for further 
modifications and tailoring.1-2 
 A series of  triazine containing diacids and diisocyanates, possessing pendant 
clickable groups, namely alkyne, azide or allyl were synthesized using cyanuric 
chloride as an inexpensive, commercially available starting material employing 
simple organic transformations. These monomers are potentially useful for the 
synthesis of a range of step growth polymers. Polyurethanes (PU) were 
synthesized by polycondensation of 2,4-bis(4-acylazidephenoxy)- 6-
propargyloxy-s-triazine(4-APPT) with a diol. The acylazide group undergoes 
Curtius rearrangement to form corresponding diisocyanates which react with diol 
to form polyurethane containing pendant alkyne, azide or allyl group. Click 
reaction of azido terminated polyethylene glycol with polyurethane containing 
pendant alkyne groups was demonstrated.  
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Polymeric materials find wide range of applications in our day-to-day life. The 
drawback of some of these materials is their limited flame resistance. Flame 
retardation of polymers can be achieved by physical incorporation of flame 
retardant additives or chemical modification with a flame retardant moiety. The 
commonly used halogen additives possess environmental hazard as they release 
toxic gases like hydrogen halide upon combustion. Further these additives leach 
out with time and so are less reliable. Chemical modification of polymers requires 
lesser amount of flame retardant, imparts permanent flame retardancy and has 
less influence on the physical and mechanical properties of the polymer, when 
compared to additive approach.  A large number of compounds are available for 
the chemical modification of existing polymers. The use of phosphorus 
containing compounds as flame retardant agents has received much attention in 
the recent years.  
In the present study, poly vinyl alcohol (PVOH) was phosphorylated with varying 
compositions of phosphorus pentoxide. Solution of phosphorus pentoxide in 
dimethyl sulfoxide (DMSO) was added to PVOH dissolved in DMSO. The reaction 
was carried out at 70 °C in nitrogen atmosphere. The reaction mixture was 
precipitated out in methanol and dried in vacuum. The samples were 
characterized by FT-IR, 1H-NMR, 13C-NMR and 31P- NMR and the results confirmed 
the formation of phosphate linkage. Inductively coupled plasma atomic emission 
spectroscopy was done to determine the phosphorus content.  WAXD studies 
were carried out to understand the crystalline nature of the samples. Glass 
transition temperature (Tg) of polymers was determined by differential scanning 
calorimetry. Tg of the phosphorylated samples were higher than pure PVOH. The 
thermal stability of polymers was analyzed using thermo gravimetric analysis in 
nitrogen atmosphere and the samples were found to be stable upto 200 °C and 
showed double stage decomposition.  
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In recent times, due to the stringent regulations, a blanket ban was laid on 
halogenated flame retardant polymers (FRP) due to toxicology and 
environmental concerns. This has led to a major change to alternative FRP’s that 
are halogen free but similar in performance1. Organo phosphorous compounds 
fully comply with the safety regulations and can be carefully matched with the 
type of polymer formulation with required end part properties that can be used 
as commodity polymers. However, they are accompanied with limitations in high 
temperature applications, due to the negative impact on mechanical properties 
as high loading is required for the FR activity. Therefore, in the present study, 
synthesis and characterization of novel phosphorous based monomer that can be 
used in FRP which has high thermal stability, low combustion heat release rate, 
yield in give high char formation and release minimum toxic fumes has been  
reported via azide-alkyne click chemistry. The novel monomer consists of triazole 
moiety and hydroxyl functionality such that the compounds have high C/H ratio 
resulting in less H2 gas evolution on pyrolysis and release of non-combustible N2 
gas because of 1,2,3 triazoles, thus offering the synergistic benefits. The as 
synthesized phosphorous based monomer can be useful in development of fire 

retardant poly urethane coatings on 
reacting with diisocyanate and can 
be useful to develop in fire retardant 
poly ether coatings by epoxide 
opening reactions. 
 
 

Fig 1:  Representation of halogen free, phosphorous, triazole based poly urethane fire 
retardant coating. 
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The incorporation of imides such as itaconimides in the polymer backbone is 
reported to enhance glass transition temperature and thermal stability of 
resulting polymers. The copolymerization of N-aryl itaconimides with methyl 
methacrylate (MMA) has been mostly done by conventional free radical 
polymerization which offers poor control over the molecular weight and 
architecture of the resulting polymers. Synthesis of these copolymers using atom 
transfer radical polymerization (ATRP) process, which is known to give polymers 
with known architecture and active chain ends, may be interesting. In this work, 
we report the copolymerization of various N-aryl itaconimide monomers [such as 
N-phenylitaconimide, N- (4-methylphenyl) itaconimide, N- (4-methoxyphenyl) 
itaconimide, N-(4-chlorophenyl) itaconimide] and MMA using CuBr/ Bpy as 
catalyst in anisole at 80 °C and ethyl-α-bromoisobutyrate (EBiB) as initiator, as 
shown in reaction Scheme 1. The structural characterization of obtained 
copolymers has been done using FT-IR, 1H NMR spectroscopy and elemental 
analysis. The molecular and thermal characterization has been done using GPC 
and DSC/ TGA, respectively. The kinetic studies were done to investigate if the 
copolymerization proceeds under controlled radical polymerization condition. 
The linear first-order kinetics of monomers with time as well as linear evolution of 
the molecular weight with conversion confirms controlled polymerization. 

NO O + O
O

EBiB
CuBr/ BPy
Anisole, 80 oC

CCH2

O OCH3

CH3

C

O

O
N

BrCH2

R
R  

Where R = –H, –CH3, –OCH3, and –Cl 
Scheme 1. Reaction scheme for the synthesis of copolymer of N-aryl 

itaconimides and MMA via ATRP. 
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Polymer Membrane-based gas separation has established as an alternative 
separation technique over other conventional separation procedures like 
cryogenic distillation, adsorption due to its high energy efficiency [1,2].The 
advancement of the membrane based separation technology depends on the 
availability of the superior membrane materials with high gas permeability and 
gas selectivity. In this scenario aromatic polyamides (PAs) can be used as a 
membrane material. PAs have high melting or glass-transition temperatures (Tg) 
[2,3]. A series of new processable PA membranes containing polar pyridine units 
for gas separation were prepared from a newly synthesized acid 2,6-bis[3'-
trifluoromethyl -4'(4''-carboxyphenoxy) benzyl] pyridine and previously reported 
four diamines monomer. The synthesized PAs showed high thermal stability (up 
to 468 °C in air, for 10% weight loss), high glass transition temperature (243–254 
°C) and tensile strength up to 95 MPa. The permeability of four different gases 
CH4, N2, O2 and CO2 through these PA membranes was investigated at 35 °C under 
an applied upstream pressure of 3.5 bar. PAs showed high gas permeability (PCO2 
up to 81 and PO2 up to 20 barrer) and high permselectivity (PCO2/PCH4 up to 47.50 
and PO2/PN2 up to 6.9). The gas transport properties have been correlated with the 
polymer structures with respect to their fractional free volume (FFV) and density. 
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Inorganic-organic hybrid materials based on polyhedral oligomeric 
silsesquioxane (POSS) have interesting properties. POSS, the smallest silicone 
particles, consists of an inner inorganic framework of silicone and oxygen atoms 
and an outer shell of organic moieties. Due to biocompatibility, inertness, low 
inflammatory response, nontoxicity, cytocompatibility and ability to incorporate 
to any polymers, POSS has created a great importance also in the field of drug 
delivery. In this investigation, we report well defined synthesis of POSS tethered 
poly(caprolactone)-graft-poly(acrylic acid) (POSS-PCL-graft-PAA) polymer via 
grafting onto approach in combination with ATRP and click chemistry.  Poly(tbutyl 
acrylate) was synthesized via ATRP whose Br- end group was replaced by azide 
group and then azide alkyne click (CuAAC) reaction  was performed with alkyne 
functionalized PCL in presence of Cu(I) catalyst. Later hydrolysis of tert-butyl 
group to acid led to the POSS tethered PCL-graft-PAA polymer. This amphiphilic 
graft copolymer was characterized by GPC, NMR and FT-IR analyses. Morphology 
was characterized by high resolution transmission electron microscopy (HRTEM) 
and field emission scanning electron microscopy (FESEM). CMC value was 
determined by fluorescence spectroscopy using pyrene as a probe. This material 
can be a potential carrier for targeted drug delivery. 
 
 
 
 
 
 
 
 
 
 
References: 
[1] Tanaka, K.; Inafuku, K.; Naka, K.; Chujo, Y., Org. Biomol. Chem. 2008, 6, 3899-3901. 
[2] McCusker, C.; Carroll, J. B.; Rotello, V. M., Chem. Commun. (Cambridge, U. K.) 2005, 996-998. 
[3] Ghanbari, H.; de Mel, A.; Seifalian, A. M., Inter. J. Nanomedicine 2011, 6, 775-86. 
[4] Tanaka,K.; Chujo,Y.; J.Mater.Chem., 2012, 22, 1733-1746. 
[5] Tanaka,K.; Inafuku,K.; Adachi,S.; Chujo,Y.; Macromolecules, 2009, 42, 3489-3492. 
[6] Escude,N.C.; Chen,E.Y.X.; Chem. Mater, 2009, 21, 5743-5753. 
[7] Zhang,W.; Müller,A.H.E.; Polymer, 2010, 51, 2133-2139. 



117 

   

Synthesis and characterization of bio-based building 
blocks from Renewable monomers  

Somisetti Varaprasad
Polymers and functional materials division, 

, Ramanuj Narayan, K.V.S.N.Raju* 

Indian institute of chemical technology, Hyderabad 
*kvsnraju@iict.res.in 

 
The main objective of our research is to develop new bio-based polyurethanes 
from renewable resources as the substitution of petroleum-based raw materials. 
We have synthesized novel tri-functional epoxide monomer through 
esterification of glycerol and 10-undecenoic acid followed by epoxidation. The 
synthesized building block was utilized for the preparation of three different 
hydroxy terminated polymers by reacting with methanol, water and glycerol. The 
chemical structure of these bio-based polyols and their intermediates were 
determined by different spectroscopic analyses. 

The polyols were further reacted with different ratios of 4, 4′-methylenebis 
(phenyl isocyanate) to get isocyanate-terminated polyurethane prepolymers 
which were cured under atmospheric moisture to get the desired coating films. 
The final bio-based and moisture cured polyurethanes were characterized in 
detail by FT-IR studies, whereas the properties of these polymers were assessed 
by DSC, TGA, DMTA, and tensile test experiments. These films showed good 
coating properties, thermal stability and mechanical strength. 
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Enantioselective synthesis is a key process in chemistry and is particularly 
important in the field of pharmaceuticals, as the different  enantiomers  or  
diastereomers of a molecule often have different biological activity. Poly ionic 
liquids (PILs) are finding increasing applications in the field of chemistry, biology 
and material science due to their unique properties [1, 2]. In our studies we 
synthesize three different proline based chiral poly ionic liquids (CPILs) by 
creating chirality on anionic site of imidazolium salts [3]. The synthesized chiral 
poly ionic liquids we used as catalysts for enantioselective Baylis Hillman reaction 
carried out between methyl vinyl ketone and arylaldehydes [4]. The CPILs shows 
better catalytic activity than proline and also we observe chiral switch (we can 
synthesize desire isomer as major) in the reaction catalyzed by CPILs. The 
hypothetical explanation for observation of chiral switch in Baylis Hillman 

reaction due to different helices of 
CPILs [5]. The CPIL catalyze Baylis 
Hillman reaction of methyl vinyl 
ketone and arylaldehydes gave 
moderate yield and 
enantioselectivity. All the results will 
be discussed during the presentation. 
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Thermosetting resins, for instance phenolic, epoxy, unsaturated polyester and 
bismaleimide resins are superb in terms of water, chemical and heat resistance, 
mechanical strength and reliability. Even though they have convinced 
disadvantages like generation of volatile by-products at the time of curing of 
phenolic resin, inferior flame retardance as far as polyester and epoxy resin are 
concerned and moreover, bismaleimide resin is extremely expensive. In order to 
overcome these drawbacks, a new type of phenolic resins called 
polybenzoxazines, which cure by ring opening polymerization were being 
developed. As promising thermosetting resins, polybenzoxazines have drawn 
attention in the past decade due to their unique physical and chemical 
properties. They are usually used as high performance materials in various fields, 
such as automotive, aerospace and construction industries, which require 
remarkable thermal stability in addition to flame retardance. We hereby report a 
series of difunctional benzoxazine monomers (M1-M4) and their thermosets (PM1-

M4) (see Scheme).  
 The structures of the synthesized monomers were confirmed by FT-IR, and 1H- 
and 13C-NMR spectroscopic techniques. Their high performance thermosets (P1-
P4) were obtained by thermal curing (between 200 - 300 °C) of dibenzoxazines 

and studied their characteristics by DSC, 
TGA and DMTA. It was found that the 
developed polybenzoxazine from M1 
showed good thermal stability 
compared to the polymers obtained 
from other monomers. 
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This investigation reports the preparation of fluorinated copolymer latex by 
pickering miniemulsion polymerization using nanoclay (NaMMT) as sole stabilizer. 
In this case the copolymerization of Styrene (St), Butyl acrylate (BA) and 
2,2,3,3,4,4,4-heptafluorobutyl acrylate (HFBA) was carried out via Reversible 
Addition-Fragmentation chain Transfer (RAFT) process. Addition of 2-(acryloyloxy) 
ethyl trimethylammonium chloride (AETAC) as functional comonomer increased 
the rate of polymerization as well as conversion to a greater extent. AETAC, a 
cationic monomer was introduced to increase the polymer-clay interaction which 
has beneficial effect on the final properties of the copolymer. The copolymers had 
controlled molecular weights as well as narrow dispersity. Nanoclay armored 
morphology was observed by TEM and SEM analyses. The copolymer films had 
improved hydrophobicity as evidenced by the measurement of water contact 
angle (WCA). 
 

 

 

 

 

Figure: TEM images of NaMMT stabilized emulsion of fluorinated 
copolymers and their water resistance. 
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Co-polymers of ethylene and functional monomers are high value polymer 
materials.1,2 Controlling the co-polymerization of ethylene with polar monomers 
remains a very significant challenge.3 Keeping in view of the demand, for olefin 
based copolymers with polar functionalities, poly(ethylene-co-butylmethacrylate) 
was synthesized by the incorporation of butylmethacrylate as the polar moiety 
into ethylene chain using atom transfer radical polymerization. The reaction was 
studied at a high pressure-high temperature reactor with iron(II) complex as 
catalyst in presence of aluminium trifluoromethanesulfonate as recyclable lewis 
acid. The copolymer was characterized by NMR, FT-IR, GPC and XRD analysis. It 
was found that the copolymer formed is of low molecular weight and it exhibited 
broad molecular weight distribution with amorphous behaviour. DSC result 
revealed that the thermal stability of the copolymer is improved with the increase 
concentration of ethylene in the feed. Thermal degradation parameters of the 
copolymers were evaluated from TGA and DSC analysis. 
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Hyperbranched polymers (HBP) play a key role in tuning the properties of one of the 
most versatile material, polyurethane (PU). Hyperbranched polyurethane-urea 
(HBPUU) exhibit excellent functional properties through core, end group and 
backbone modification of HBP and hybrid formation. Despite great potential and wide 
application of PU coatings and materials, there is some limitation such as slow film 
build up, solvent content, low UV resistance, mono and/or dual functionality, 
adhesion, application method etc. Polyaspartic- polyurethanes (ASP-PU) can meet 
those challenges as their characteristic properties include UV resistance, high gloss, 
high abrasion and chemical resistance, fast curing time and good film build-up in 
single coat. Polyaspartic polyols (PAP) contain a ‘polyaspartic ester’ group in their 
backbone and were first developed in the 1990s. These coatings can be used for both 
interior and external purposes and can be coated on wood, concrete, metal and 
plastics. 
The synthesis of hyperbranched polyaspartic-ester polymers (HBPAP) was done with 
high atom economy by trimethylol propane (TMP) core following polycondensation 
reactions and Michael addition. The reactions were monitored based on acid values 
and equivalent mass was calculated based on hydroxy values. We developed high 
solid moisture cured polyaspartic-ester polyurethane urea (ASP-PUU) by reaction of 
HBPAP with H12MDI in 1.6:1 ratio [NCO: reactive components   (-OH,-NH)]. To improve 
flexibility, ASP-PU was further modified with hydroxylated soybean oil (HV = 230) in 
varying percentages to form various hybrid coatings (ASPSPUs). Structural 
confirmation was done by NMR, FTIR and mass spectrometry and characterization by 
TGA, DMTA, UTM, Abrasion, Corrosion, SEM, XRD, antimicrobial and gloss test at 
various angles. In comparison to other HBPUs, ASP-PU shows higher gloss, higher 
thermal stability and increased reaction time for urethane formation.  

 

Fig1: Hyperbranched polyaspartic-ester polyurethane-urea 
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The present work reports an easy method for the development of low viscous 
acetoacetylated polyester polyols for the development of eco-friendly 
polyurethane coatings. In the first step, a highly branched hydroxyl group 
terminated polyester polyol resin is prepared through one-pot polycondensation 
process using Neopentyl Glycol (NPG), Adipic Acid (AA), Isophthalic Acid (IPA) and 
Trimethylol propane (TMP). The introduction of trimethylolpropane into the 
polyester synthesis improves the number of branchings in the resin due to its 
trifunctionality. In the next step, the synthesized polyesters were treated with 
ethylacetoacetate in different precentages to develop acetoacetylated polyesters. 
It is observed that with increase of acetoacetylation the viscosity of the resin was 
reduced. This is due to the replacement of more polar OH group with the less polar 
and bulky β-ketoester group to a polymer backbone, which in turn results in chain 
separation as well as in reduction in auto-associative effect due to hydrogen 
bonding of HPs. For instance, the viscosity of the polyester polyol was reduced 
from 230 Pa.sec to 49 Pa.sec after 50% acetoacetylation. The synthesized 
acetoacetylated polyester resins were treated with a diisocyanate to get 
polyurethane coating films. All the coating films are showing good thermal and 
mechanical stabilities along with excellent corrosion resistance properties. 

  

Scheme: Representative steps involved in the development of acetoacetylated polyester 
and their polyurethane coatings 
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Tailor-made copolymers of furfuryl methacrylate (FMA) and butyl methacrylate 
(BMA) (PFMA-co-PBMA) were successfully synthesized by reversible addition-
fragmentation chain-transfer (RAFT) polymerization technique using 4-cyano-4-
[(dodecylsulfanylthiocarbonyl)sulfanyl] pentanoic acid (CDTSP) as RAFT reagent. 
The copolymer PFMA-co-PBMA contained reactive furfuryl group from PFMA unit 
which was used as a diene in the Diels-Alder (DA) reaction. This PFMA undergoes 
gel formation during free radical polymerization but during RAFT polymerization 
the copolymer formed are all gel free and the reactive furfuryl group remains 
unaffected during RAFT polymerization. The thermoreversible network was 
successfully achieved by DA and retro-DA (rDA) reaction between the furfuryl 
groups of PFMA unit and a bifunctional maleimide cross-linker, bismaleimide as 
dienophile. This process was studied by NMR, FT-IR, differential scanning 
calorimetry (DSC) and nano-indentation analyses. The DA and rDA reactions were 
used to prepare self-healing polymer. Here PBMA unit was used to lower the Tg of 
this cross-linked materials and better flowability of the material towards the 
healing site thus lowers the rDA temperature. DSC analysis was used for 
determination of the endothermic rDA reaction. In this investigation self-healing 

property of the above cross-
linked material was 
demonstrated by monitoring 
the repair of a scratch in the 
copolymer film upon heating 
and cooling. This was analyzed 
by scanning electron 
microscopy (SEM).  

 
Fig 1: SEM photographs of self-healing experiments of copolymer/BM DA adduct. 
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Catalyst free moisture cured multifunctional Poly (thiourethane-urethane)-urea 
(PTU-PU-urea) coatings were developed based on solvent free, one pot synthesis 
of sulfur rich hyperbranched polyester polyols (SRHBPs) and thiourethane 
containing –NCO terminated monomer. SRHBPs were synthesised via A3+B3 
polycondensation approach and thiol-yne click chemistry. A sulfur core monomer 
(B3) was synthesised at room temperature using thiol-yne click chemistry and   
condensed with acid terminated monomers (A3). We developed catalyst free PTU-
PU-urea coatings for these two SRHBPs by reacting with an isocyanate containing 
thiourethane units in 1:1.2 (OH: NCO) ratio. The structural characterisations were 
done by 1H-NMR, 13C-NMR, FT-IR, ESI-MS and MALDI-TOF techniques. The thermal 
and mechanical properties of the resulting coating films were carried out by TGA, 
DSC, DMTA and UTM techniques. Coatings showed good corrosion resistance 
property and remarkable bacterial and fungal resistance. Moreover, refractive 
index, transparency, adhesive properties were also determined for coatings. 
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Burn rate catalysis is very important for solid rocket propellants and missile 
applications. Binder helps the friendly processing of the energetic materials and 
provides the required mechanical strengths to the final composition of the 
propellant while burn rate catalysts increasesburning rate of propellant in turn 
the speed of rocket or missile. Simple ferrocene compoundsarecommonly 
employed as burn-rate (BR) catalysts in composite solid propellants (CSPs), 
mainlybecause of their general binder solubility, fluidity,combustion and the 
better ignitability of thepropellant compared to ones containing conventional 
inert solid catalysts such as ferric oxide(Fe2O3), copper chromite (CuCh), and so 
forth.However, loading of conventional catalysts beyond2 wt % significantly 
damages the mechanical properties of the propellant and its 
processingcharacteristics because of commonly encountered agglomeration, 
migration,and evaporation orsublimation loss during processing, and phase 
separation by crystallization in low-temperatureapplications or storage.  
To overcome these problems,we have developed methods in which we 
substituted simple ferrocene compounds in the hydroxyl terminated 

Polybutadiene(HTPB) backbone and these approaches 
solved migration and evaporation or sublimation 
problems.The two approaches which we have persuaded 
very rigorously are (1)grafting of polyvinylferrocene(PVF) 
to HTPB and hydrosilylation of ferrocenylsilane at the 
pendant double bonds of HTPB and these can increase 
burning rate but viscosity drastically increased(semi 
solid/ resin) and(2) Attaching of ferrocene derivative at 
the terminal carbon atoms which do not alter any of the 
parent physicochemical properties of HTPB. 

Figure: schematic diagram for the synthesis of HTPB-FA 
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Synthesis and Characterization of Polydimethylsiloxane 
Alumina nano composite 

 
Cross linked polysiloxane possess very poor mechanical properties and are very 
weak materials and must be reinforced before being used in any practical 
applications. Polydimethylsiloxane alumina nano composites have been prepared 
and characterized. Polydimethylsiloxane have been synthesized by In situ 
condensation and hydrosilyation curing method. Vinyl functional cross linker 
results in cures very slowly and cured at room temperature. Less cross linking 
causes the pure polymer to gain a yellowish tint. FTIR studies have been done for 
liquid samples before curing. It has shown the cross linking of Si-O bond. 
Contact angle have been confirmed the hydrophobicity of PDMS. It has shown 
that angle increases as filler content increased and remains constant for more 
than 1 percent concentration. SEM and DSC study have been done. 
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With increasing global concern over depletion of non-renewable fossil fuel and 
rising price for petroleum and petroleum derived products, present and future 
demands materials that are eco-friendly (with minimum waste disposal), having  
light weight, high durable with mechanical properties greater than or equal to 
those of traditional petroleum based materials.  Natural cellulose based materials 
(wood, hemp, cotton, linen, etc.) have been used by our society as engineering 
materials for thousands of years, but cannot compete with high performance 
materials. By extracting cellulose at the nanoscale, the majority of the defects 
associated with the hierarchical structure can be removed, and a new cellulose 
based ‘‘building block’’  (Cellulose nanoparticles (CNs)) can be obtained as the 
next generation of cellulose based composites. But one drawback is the hydrogen 
bonds present in CNs tend the fibres to agglomerate into bundles and unevenly 
distribute throughout the non-polar polymer matrix during compounding 
processing; resulting a weak interfacial adhesion. Therefore fiber treatment is 
beneficial towards improving the water resistance and wettability of the fiber 
surface by polymers and enhances interfacial adhesion. A coupling agent is a 
chemical that functions at the interface to create a chemical bridge between the 
reinforcement and matrix. Mainly organosilanes are efficient coupling agents and 
they have been extensively used in composites. The hydroxyl groups present on 
the surface of the cellulose nanofibres is allowed to condense with the hydroxyl 
groups formed insitu during the hydrolysis of the silicates under alkaline or acidic 
pH conditions.   
In this present work CNs were prepared from various sources like cotton, paper, 
baggase etc and in situ surface treatment with tetraethyl orthosilicate (TEOS) was 
also done. The properties of surface modified cellulose fibres are characterized by 
PXRD, SEM, TEM, TGA and FTIR. These reinforcement fillers were used in 
composites and the properties enhancement were studied. 
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This study examined the dechlorination of different grades of polyvinyl chloride 
(PVC) under alkaline solution. Dechlorination under atmospheric pressure is 
carried out NaOH/EG solution at 1700C to 2000C for 3 hrs. This dechlorinated PVC 
is then subjected to ultrasonic degradation. Measurements of infrared (IR) 
spectroscopy, SEM, GPC and DSC were used to indicate the changes in PVC 
structure and properties due to formation of polyvinyl alcohol (PVAc) sequences 
in the polymer chain. 
 
Keywords: Polyvinyl chloride, Dechlorination, NaOH/EG solution, Polyvinyl alcohol. 
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Fundamental studies aimed at elucidating the key contributions to corrosion 
performance are needed to make progress toward effective and environmentally 
compliant corrosion control. Epoxy/amine systems are typically employed as 
barrier coatings for corrosion control. However, the hardening agents used for 
coating applications can be very complex, making fundamental studies of water 
and oxygen permeability challenging to carry out. Creating model building 
blocks for epoxy/amine coatings is the first step in carrying out these studies. We 
will demonstrate the synthesis and characterization of model amine building 
blocks from saturated fatty acids and simple amines such as diethylenetriamine 
(DETA) and Bis(3-aminopropyl)amine. The structure-property relationship of 
thermosets made from these model amines and Diglycidyl ether of bisphenol A 
(DGBEA) will be discussed. 
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Shape memory polymers (SMPs) are intelligent polymers (stimuli-
responsive polymers) which can regain their permanent/original shape 
upon exposure to external stimuli. In this work, synthesis of novel SMPs 
from two different trifunctionalcoresviz. organic and inorganic is presented. 
The SMPs are synthesised from azide functional polyhedral (silsesquioxane) 
(POSS) and aromatic trisphenyl core groups by copper catalysed azide-
alkyne polycycloaddition. The inorganic core based SMP resulted in higher 
transition temperature (Ttrans>150°C) whereas the organic one exhibits 
lower Ttrans of 80 °C. The rigidity and crystallinity of POSS units enhance the 
shape recovery temperature in inorganic core SMP. The shape recoveries of 
both SMPs are > 95%and thermally stable up to 250°C. 

Si
O

Si

O

Si
O

Si

O

Si
O

Si

O

Si
O

Si

O
O

R

R
O

R
R

O

R

R
O

Si O
OH

O OH
Si

O OH

R= i-butyl

O O Cu2I2

NN

N

N N

NN

N N

O

OO

OH

OH

HO

or

Organic core Inorganic core

N3

N3
N3

Triazole Network
Tris azide 2,2'-bis(4-propyloxy phenyl)propane

 
 
Scheme1: Copper catalysed azide-alkyne cycloaddition reaction for the synthesis of 

inorganic and organic core SMPs. 
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 Self-assembled block copolymer micelles, typically, with several tens of 
nanometers in diameter and relatively narrow size distribution have long been 
explored as nano-sized drug delivery system based on entrapment of drugs into 
core-shell architecture, owing to their simple, economic and versatile 
approach.1,2 Here in we report for the first time, the synthesis of alkyne-
terminated polyketal3 copolymer and there after the synthesis of novel 
amphiphilic block copolymers via click chemistry4 with azide terminated poly(N-
vinylpyrrolidone) (PNVP)5. The resulting polymers have been characterized by 1H 
NMR, FT-IR, and GPC studies. Critical meceller concentration (CMC) of the block 
copolymer has been determined by fluorescence spectroscopy.6 Anticancer drug 

doxorubicin has been 
successfully loaded in 
micelles and their release 
profiles in different pHs 
have been studied. 

 
Key words: Amphiphilic block copolymer, Micelle, Drug delivery. 
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Phosphorous containing amine, tripropyldiamine phosphine oxide (TPDAP), and 
hybrid monomer 4-(N-phthalimidophenyl) glycidylether (PPGE) were synthesized 
and characterized by Fourier transform infrared (FTIR) spectroscopy, nuclear 
magnetic resonance (NMR) spectroscopy, and elemental analysis (EDX). PPGE was 
incorporated in bisphenol A epoxy resin (BPA) in various concentrations (5% to 
20%), based on a weight percentage of BPA resin. Curing was carried out with the 
stoichiometric amount of TPDAP and 1,3-propanediamine (PDA) to result in cross-
link network. Various mechanical, chemical, thermal, and flame retardant 
properties of modified and unmodified epoxy resin were studied. The coatings 
obtained with the addition of PPGE were found to have improved properties as 
compared with those of the unmodified resin. Coatings with 15% loading of PPGE 
showed improved flame retardant and mechanical properties with stable thermal 
behaviour. 
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Reversible addition-fragmentation chain 
transfer (RAFT) polymerization allows the 
synthesis of polymers with well-defined 
molecular weight, polydispersity and 
architectures. The process is compatible with 
many kinds of monomers and applicable both 
in homogeneous and heterogeneous media. 
From last decade the RAFT polymerization and synthesis of suitably 
functionalized RAFT agents have drawn extensive attention in the field of 
polymer science.1,2,3 Here in, we report the synthesis (Scheme below) and 
characterization of 2-propynyl-2-((N,N-diphenylcarbamothioyl)thio)propanoate, a 
novel alkyne terminated  RAFT agent and its’ use for the RAFT polymerization of  
N-vinylpyrrolidone (NVP) under different parameters like temperature, monomer 
concentration, time etc. Kinetic study, chain-end analysis and chain-extension 
experiments have also been carried out to check the livingness of the 
polymerization process.  Resulting polymers have been characterized by GPC, 1H-
NMR, FTIR, TGA and DSC studies. 
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A novel polyhydroxy compound was derived by reacting cycloaliphatic epoxy 
compound (3, 4-epoxycyclohexylmethyl-3′, 4′-epoxycyclohexane carboxylate) 
with bisphenol A. The polymer was characterized by Fourier Transform Infrared 
Spectroscopy (FTIR), Hydroxyl value, Gel Permeation Chromatography (GPC) and 
Nuclear Magnetic Resonance Spectroscopy (1H NMR). The synthesized polymer 
(BPC) of molecular weight ( ) about 2500 exhibited hydroxyl value of 282 mg 
KOH/g. The polyhydroxy polymer was studied as melt -adhesive whose adhesive 
properties can be tuned by blending with another epoxy resin and curative. Thus 
the polymer was evaluated in various adhesive formulations also, in combination 
with different proportions of an epoxy novolac and cured using an amine based 
catalyst system. Cure behavior of these adhesive formulations were studied using 
FTIR, Differential Scanning Calorimetry (DSC) and Rheometry and cure conditions 
were optimized. The adhesive property of these systems were evaluated at 
different temperatures by measuring the lap shear strength(LSS)  at low 
temperature(77°K), room temperature (25°C) and at high temperature (100°C) on 
aluminium substrates. The adhesives exhibited LSS in the range of 160 to 
270kg/cm2 at RT, 110 to 200 kg/cm2 at 77°K and 20to 30 kg/cm2 at 100°C. 
Structure-composition-adhesive property co relationships were derived, based on 
the LSS values. Films were also cast using blends of these prepolymer with an 
epoxy novolac cured using amine catalyst and their mechanical properties were 
correlated to the blend composition. The system finds application as high 
performance adhesive which can cater to the adhesive requirements under 
conditions ranging from LN2 temperature to 75°C. 

 
 

Scheme 1: Synthesis of Prepolymer (BPC) 
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Polyethyleneimine (PEI) is a positively charged polyelectrolyte, existing both in 
linear and branched forms. It has wide use because of its unique property of 
facilitating strong attachments between biological cells and plates. Strong 
binding interaction of PEI (Molecular weight 600 & 1800) with an anionic 
surfactant sodium dodecylsulfate in aqueous medium reveals unique features of 
the polymer. Conductometry measurement was performed in order to monitor 
the charged nature of PEI-SDS complex. Enhanced surface adsorption at the air-
water interface at low surfactant concentration with no appreciable changes on 
increasing surfactant concentration limits the use of tensiometric measurements. 
Electrostatic neutralization around the charge neutralization between the 
surfactant and the polyelectrolyte results in dense precipitation or coacervation. 
Turbidimetric studies reveal that at low surfactant concentration, the complex is 
stable in solution. Above a critical concentration, the system is an unstable colloid 
dispersion of the complex particles. Finally dissolution takes place at a particular 
concentration with the formation of a stable dispersion of PEI-SDS complex. The 
enthalpy change at each transition point is monitored from microcalorimetric 
measurements. Studies in aqueous-alcoholic medium reveal the effect of solvent 
polarity change on the PEI-SDS complex.  
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Recent trend towards utilization of renewable feed stocks for development of 
functional materials that can be used as components for polymer systems has 
been considered as a step towards sustainable development. In the same line of 
work, we demonstrate a series of amine and amido-amine curing agents derived 
from carboxyl modified cardanol via thio-ene reaction. The curing agents 
structurally similar to phenalkamines were synthesized in our lab and 
characterized by functional analysis and FTIR, NMR spectroscopy techniques. 
These were then used as cross-linkers for epoxy based coatings. The cured 
coatings were evaluated for mechanical, chemical, thermal and anticorrosive 
properties. The study conducted showed that these biobased materials provide 
excellent coating performance with respect to mechanical and anticorrosive 
properties at par with the commercial curing agents. 
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Flame retardants are key components in reducing devastating effect of fires on 
property, people and environment. Flame retardants are compounds that inhibit 
or delay the burning of materials and are essential for protecting plastic products, 
electrical appliances, construction materials and textiles. Flame retardant coatings 
are designed for application over a range of combustible or non-combustible 
surfaces. 
Following research work reveals the synthesis of trifunctional phosphorous based 
flame retardant and its incorporation in polyurethane backbone to yield flame 
retardant dispersions (FRPUDs). The structure of flame retardant monomer was 
confirmed by FTIR, 1H-NMR and 31P-NMR spectroscopy. The polyurethane 
prepolymer was modified with phosphorous containing triol in various amounts 
(30, 40 and 50% on equivalent basis) and FRPUDs were prepared. The 
performance of synthesized FRPUDs was evaluated by characterizing their 
mechanical, chemical, optical, thermal and flame retardant properties. It was 
observed that, the flame retardancy was greatly depending on the phosphorous 
content and increased with increase in phosphorous content. Moreover, nitrogen 
present in the polyurethane gave rise to synergistic system by acting along with 
phosphorous improving overall flame retardancy. 
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The removal and recovery of carbon dioxide from hot gas is becoming 
increasingly significant in the field of energy production. Large volumes of carbon 
dioxide are released to the environment by the combustion of fossil fuels, such as 
coal or natural gas, and this has become one of the most serious global 
environmental problems. Various modified nanoclays have been used as catalysts 
or adsorbents for several applications and they are suitable to carbon dioxide 
sequestration in gas phase. This is an important application to control the 
greenhouse effect because CO2 is by far the most significant greenhouse gas 
produced as a result of human activities. The capacity of CO2 removal using 
nanoclays is high at low and high temperature, but there is no consensus about 
its capacity is due to adsorption. In this work, we evaluate the adsorptive capacity 
of CO2 removal at low temperatures, using St-DVB copolymers incorporating 
nanoclays and also amine compounds. Suspension polymerization of styrene and 
divinyl benzene (DVB) was carried out in presence of benzyl peroxide initiator 
using various suspending reagents in water at 80 0C under argon atmosphere to 
produce styrene- DVB copolymer beads. Experimental design methods were 
employed to investigate the influence of crosslinker content; nanoclays type, 
nanoclays and various amines level on the surface area, pore volume and pore 
diameter of the resins.  These adsorbents incorporated in St-DVB copolymers 
were characterized using XRD, TGA and BET surface area. Carbon dioxide 
adsorption was conducted using adsorption unit in BET surface area analysis and 
the results showed an CO2 adsorption at room temperature. 
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Spherical particulate Styrene-Divinyl benzene (St-DVB) copolymer resins have 
become ubiquitous support materials in solid phase synthesis, and also in the 
heterogenizing of homogenous catalyst. Recently macroporous species find 
increasing utility than highly crosslinked gel type species. We now report 
suspension copolymerization of St-DVB in presence of benzyl peroxide initiator 
using various suspending agents in water at 80 0C under argon atmosphere to 
produce St-DVB copolymer beads. The influence of crosslinker content; porogen 
type and porogen level on the surface area, pore volume and pore diameter of 
the resins were explored. From these results, it was observed that the porogen 
has a greater influence than the crosslinker. Variation of porogen type and level 
while keeping crosslinker level constant then to the maximization of each 
parameter of interest, resulting in set of crosslinked polymers with a wide range 
of values. The resulted crosslinked St-DVB beads were extracted with 
dichloromethane using Soxhlet apparatus to remove linear polymers. The 
purified polymer beads were characterized by TGA, BET, ESEM and XRD etc. 
Palladium Chloride was incorporated into the polymer beads during suspension 
polymerization and in situ reduction were carried out by using various reducing 
agents such as sodium borohydride, formaldehyde and hydrazine. The results of 
polymeric beads as well as palladium supported St-DVB copolymers in term of 
spherical beads size, pore volume, surface area and thermal stability will be 
discussed and application of the polymer supported catalyst in Heck reaction will 
be highlighted. 
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Poly(ethylene terephthalate) (PET) is engineering polymers having wide range of 
application area. Due to its non-biodegradable nature it starts accumulating 
hence create threat to the environment. Recycling of the PET is carried out to 
solve this problem.  
In this studyaminolysis of PET is carried out and ethanolamine is used as 
depolymerizing agent. The monomer formed by this depolymerization is bis (2-
hydroxyethyl) terephthalamide (BHETA).The product is characterized with FTIR, 
1H-NMR, and DSC. 
As the coating industry is shifting towards eco-friendly, renewable and 
sustainable resources for resin synthesis. Here in BHETA, hydroxyl functionality is 
there along with amide groups in between its structure hence it is used as a 
monomer for polyesteramide resin synthesis. This is much more beneficial from 
coating industry point of view since here source is waste material. So the carboxyl 
terminated polyesteramide resin was synthesized and cured with epoxy. Poly (o-
anisidine) (POA) is introduced in this coating composition at various 
concentrations. The coating was studied for its mechanical, chemical, thermal and 
anticorrosive properties. The anticorrosive performance was measured by salt 
spray and electrochemical impedance spectroscopy (EIS).  It is observed due to 
amide linkage, aromatic structure of BHETA and curing with epoxy results to 
shows anticorrosive performance of the coatingwhich is further enhances by the 
addition of POA and hence anticorrosive coating is developed from the waste 
material. 
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Thiophene and thiazole substituted vinylene polymer was synthesised by Wittig 
polymerization route.  Synthesized polymer was characterized by FT-IR, NMR and 
GC-MS spectral technique.An optical property wasalso carried out by UV and PL 
spectroscopy. The final polymer was showed excellent solubility in common 
organic solventssuch as dichloromethane, chloroform, 1,2dichloroethane, 
toluene and tetra hydro furan. The results of polymer suggest that this is useful as 
light emitting and photovoltaic material. 
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Polyethylene terephthalate (PET) is one of the extensively used plastic materials 
for range of applications and thus results in generation of large quantity of waste 
all over the world. Disposal of this waste is of global concern as it cannot 
decompose naturally. Therefore recycling of such polymer by different methods 
has been attempted. Among them, chemical recycling by glycolysis method is 
being successfully studied over the years with very good feasibility. However, the 
commercial implementation of this process has not yet received much attention 
due to high process cost and lower conversion of PET to its monomeric units such 
as bis (2-hydroxyethylterephthalate) (BHET).  
In the present study, we report for the first time the effect of gamma irradiation 
on degradation of PET and its subsequent effect on glycolysis by using excess 
ethylene glycol (EG). The results showed an increase in the extent of 
depolymerization of PET proportional to the dose of gamma radiation as analyzed 
by molecular weight determination & Differential Scanning Calorimetry (DSC). 
The irradiated PET samples were further subjected to chemical recycling by 
glycolysis using conventional and microwave method in presence excess EG and 
zinc acetate (0.5%) as a catalyst. Depolymerization of the polymer by gamma 
radiation resulted in increased yield of BHET after variable time intervals. In 
addition, hydroxyl number, saponification number and molecular weights of the 
oligomeric products were also determined.  The recycled material, BHET, was then 
used in combination with bio-based monomers to prepare a new ecofriendly 
polyester polyol which can be used as component for polyurethane coating 
formulations.  
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The influence of β - hydroxyazide on polymerization of cyanate ester was 
evaluated through reaction between bis phenol A dicyanate and β - 
hydroxyazidopropyloxy novolac. Spectroscopic investigations showed the 
evidences for the formation of iminocarbonates rather than tetrazoles as in 
conventional nitrile-azide click chemistry.  FT-IR studies using model compounds 
showed characteristic peaks at 3340cm-1 and 1680cm-1 due to iminocarbonate 
moieties. Cure mechanism operating in cyanate-azide reaction in presence of 
hydroxyl groups was studied theoretically using B3LYP/6-31G** level of density 
functional theory (DFT) on model compounds viz, biphenyl cyanate and 1-azido-
3-phenoxypropan-2-ol. Activation energy calculated from DFT studies predicted 
the involvement of a cyclic transition state in β - hydroxyl alkyl azide mediated 
reaction of cyanate ester. The mechanism involves neighbouring group 
participation of azide groups in the seven membered transition state. These 
observations were corroborated by experimental evidences obtained from 
reaction between monofunctionalazide-cyanate-hydroxyl model compounds. 
Mechanism of anchimeric involvement of azide functions on cyanate-hydroxyl 
reaction favouringiminocarbonate formation was established.  Thus a new room 
temperature curative for cyanate ester was introduced.  

 

Scheme 1: Curing of bisphenol dicyanate through the formation of 
iminocarbonate network 
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Poly(L-lactic acid)s (PLLA) in the useful molecular weight range are best 
synthesised by ring opening polymerization (ROP) of L-Lactide. In spite of being 
the method of choice, both in the laboratory and in industrial processes, ROP has 
many limitations. The cyclic lactide is relatively expensive and is incompatible for 
copolymerization with many α,ω -hydroxy carboxylic acid esters. Consequently, 
only those monomers which can polymerize by ROP have been copolymerized 
with L-lactide [1]. 
It would be, therefore, useful to have a monomer for PLLA capable of undergoing 
linear polycondensation. L-lactic acid is available only as an aqueous solution and 
is difficult to polymerize. Methyl-L-lactate is available in a non-aqueous form [2]; 
however, its low boiling point precludes its utility as a co-monomer. Furthermore, 
linear polycondensation of poly(L-lactic acid)s by dehydrative polycondensation 
is beset with the problem of formation of cyclic oligomers [3]. 
To re-examine this question, we undertook the synthesis of a model dimer, 

namely, 1-methoxy-1-oxopropan-2-yl 
2-hydroxy propionate, or methyl 
lactyllactate (MLL) by cross 
esterification of L-lactic acid with L-
methyl lactate.  

This dimer has no free acid group and 
can be obtained as a high boiling 
liquid (b.p. 252.50C at 760 mmHg). 

The synthesis of MLL, its structural and compositional characterization and its 
polymerization behaviour will be presented. 

 

 
References: 
[1] Rafael A. Auras, Loong-Tak Lim, Susan E. M. Selke, Hideto Tsuji ; Poly(lactic acid): Synthesis, 

Structures, Properties, Processing, and Applications, John Wiley and Sons, USA, 2010. 
[2] Marques D, Gil M, Baptista C, J. Appl. Polym. Sci. 2012, 125, 283. 
[3] Shyamroy S, Garnaik B, Sivaram S, J. Polym. Science., Part A, Polymer Chemistry, 2005, 43, 2164. 
 
 

 



146 

 

Synthesis of poly(ε-caprolactone-co-δ-valerolactone)s 
random copolymers and their use as an impact modifier 

for poly(L-lactide) 
Megha D. Deokar, Bhaskar B. Idage, Susheela B. Idage, 

Swaminathan Sivaram 
Polymer Science & Engineering Division,  

CSIR-National Chemical Laboratory, Dr. Homi Bhabha Road, Pune - 411 008 

 
Poly (L-lactide)s (PLLA) and PLLA based blends as well as their copolymers are 
subjects of significant current research interest. PLLA has attracted considerable 
attention as it is obtained from renewable resources and has useful properties. 
PLLA’s find wide use in biomedical, packaging, injection molded and extrusion 
coated products in view of their desirable properties such as, biodegradability 
and biocompatibility [1-3]. PLLA obtained from ring opening polymerization 
(ROP) of L-lactide is semi-crystalline in nature; however, PLLA’s are brittle material 
with poor elongation at break which limits its applications. Therefore, substantial 
improvements in mechanical and thermal properties are required. 
In this work we first synthesized PLLA with a composition of 96% L-LA: 4% D-LA. 
The tensile strength of PLLA is 17.6±1.3 MPa and is very low for many 
applications. We reasoned that the mechanical properties of PLLA can be 
improved by blending with aliphatic polyesters containing longer carbon chains 
in the backbone. 
Accordingly, we synthesized random copolymers of poly(ε -caprolactone-co-δ-
valerolactone)s by ROP of ε-caprolactone (CL) with δ -valerolactone (VL) using 
stannous octoate as catalyst. The copolymers were characterized by FTIR, 1H and 
13C nuclear magnetic resonance spectroscopy (NMR), gel permeation 
chromatography (GPC) and DSC. Morphology of fractured surface was studied by 
scanning electron microscopy (SEM). The synthesized random copolymers were 
melt blended with PLLA using a twin screw micro compounder and extruded. 
Tensile properties of compression molded blends were investigated as a function 
of composition and molar masses of the two components in the blend. It was 
shown that copolyesters with a composition 47:53 mol% (CL: VL) results in 
significant increase in tensile strength of compression molded PLLA. 
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A New series of aromatic polyamides containing 1,2,4-triazole in the main chain 
and pendant long aliphatic  pentadecyl unit,  was synthesized by low 
temperature solution polycondensation of novel aromatic diamine namely  3,5- 
Bis (4’-amino phenyl)-4-(4”-methoxy-2’’-pentadecyl phenyl) 1,2,4,triazole (I)  with 
aromatic diacid chlorides, namely isophthaloyl chloride (IPC) and terphthaloyl 
chloride (TPC). Coplyamides were also synthesized by employing various mole 
proportion of IPC and TPC with diamine (I). Inherent viscosities of these 
polyamides were in the range 0.50-0.65 dL/g as determined in DMAc, indicating 
formation of moderate to high molecular weight of polymers.The diamine (I) was 
characterized by FT-IR, NMR ( 1H , 13C), Mass etc. These polyamides showed good 
solubility in polar aprotic solvents such as  N,N,Dimethyl acetamide (DMAc),  N-
Methyl 2-Pyrrolidone (NMP),  N,N,Dimethyl formamide (DMF), and Dimethyl 
sulphoxide (DMSO),  which may be due to incorporation of bulky pendant  
pentadecyl units leading to amorphous polyamides as evidenced by XRD. These 
polyamides had lower glass transition temperature compared to conventional 
aromatic polyamides probably due to internal plasticization effect by pentadecyl 
group as determined by DSC.  Polymers showed good thermal stability, with 
initial decomposition temperatures above 300 0c. 
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Monomer with thiazole moiety was synthesized and copolymerized with Butyl 
acrylate and methyl methacrylate by RAFT emulsion polymerization and their 
antimicrobial activity was investigated. The molecular weight of copolymer were 
fixed and monomer concentration was changed. The monomer was incorporated 
up to 3, 5 and 7 wt % in emulsion system and its effect was studied. The monomer 
and its copolymers were employed to screen an antimicrobial activity against 
E.coli, B.subtilis, C.albicans and Aspergilus niger.The Antimicrobial activity was 
checked by using optical density method. The synthesized monomer and RAFT 
agent  was characterized by Mass spectroscopy, FT-IR, 1HNMR and block 
copolymers were characterized by Gel permeation chromatography(GPC) and 
differential scanning calorimetry (DSC).The emulsions were evaluated for particle 
size analysis and zeta potential for their stability. 
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This research article investigates the effect of Polymeric Flow Improvers (FI) as 
pour point depressants (PPD) and rheological properties improvers of waxy crude 
oil for Langhnaj, North Gujarat (India), since application of FI is a more 
economically viable option for crude oil transportation. Three new comb-shaped 
copolymers of Maleic Anhydride and n-alkyl Oleate were synthesized by free 
radical solution polymerization, which were consequently reacted with Hexadecyl 
Amine to get poly (hexyl oleate-co-hexadecyl maleimide-co-n-alkyl oleate). 
Synthesized polymers were characterized by Fourier Transform Infrared 
Spectroscopy (FTIR) and Gel Permeation Chromatography (GPC). These FI were 
further evaluated for its pour point depression property and rheology modifier 
with and without additive using Fann Viscometer. The prepared FI act as effective 
pour point depressant as well as Viscosity Index Improvers. 
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Block copolymers of butylacrylate with varying concentration of glycidyl 
methacrylate i.e. 3%, 5%, 10% and12% were synthesized by xanthate mediated 
RAFT polymerization. Further these copolymers were modified by reacting with 
dicyandiamide to incorporate imine functionality in polymer backbone. The end 
group functionality of block copolymers were utilized for grafting nano zinc oxide 
particles in various concentrations (Wt%) i.e.0.15,0.30 and0.45.These modified 
copolymers were screened for antimicrobial properties against E.coli and B.subtilis 
strain by well diffusion method. Synthesized xanthate RAFT agent was 
successfully characterized by FT-IR, 1HNMR and GC-MS analysis for structural 
elucidation. Block copolymers were characterized by GPC and epoxy equivalent 
analysis. The grafting nano ZnO particles were confirmed by TEM analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: 
[1] Stuart W. Prescott, Mathew J. Ballard, EzioRizzardo and Robert G. Gilbert, Macromolecules 2002, 35, 

5417-5425. 
[2] Patel, M. B.; Patel, S. A.; Ray, A.; Patel, R. M. J. Appl. Polym. Sci., 2003, 89, 895-900. 
[3] Woong-Sig Moon, Kyoo-Hyun Chung, Du JinSeol, Eun-Soo Park, Jae-Hun Shim, Mal-Nam Kim, Jin- 

San Yoon, Journal of Applied Polymer Science, 2003, Vol. 90, 2933–2937. 
[4] Marty Ward, Melissa Sanchez, Mohamed O. Elasri, Andrew B. Lowe1, Journal of  Applied Polymer 

Science, 2006, Vol. 101, 1036–1041. 
[5] Woong-Sig Moon,Kyoo-Hyun Chung, Du JinSeol, Eun-Soo Park, Jae-Hun Shim,Mal-Nam Kim,3 Jin-

San Yoon, Journal of Applied Polymer Science, 2003, Vol. 90, 2933–2937. 
[6] Roshan T. A. Mayadunne, EzioRizzardo, John Chiefari, Yen KwongChong,GraemeMoad, and San H. 

Thang Macromolecules, 1999, 32, 6977-6980. 
 



151 

   

Synthesis and Characterization of Imide Containing 
HybridEpoxy Resin with Improved Mechanical and 

Thermal Properties 
U. G. Rane, Chaitanya Mundhe, A. A. Sabnis1 and V. V. Shertukde1 

1Department of Polymer and Surface Engineering, ICT, Mumbai 
ulka.rane@gmail.com, chaitanyamundhe@gmail.com 

 
Phosphorous containing amine, tripropyldiamine phosphine oxide (TPDAP), and 
hybrid monomer 4-(N-phthalimidophenyl) glycidylether (PPGE) were synthesized 
and characterized by Fourier transform infrared (FTIR) spectroscopy, nuclear 
magnetic resonance (NMR) spectroscopy, and elemental analysis (EDX). PPGE was 
incorporated in bisphenolA epoxy resin (BPA) in various concentrations (5% to 
20%), based on a weight percentage of BPA resin. Curing was carried out with the 
stoichiometric amount of TPDAP and 1,3-propanediamine (PDA) to result in cross-
link network. Various mechanical, chemical, thermal, and flame retardant 
properties of modified and unmodified epoxy resin were studied. The coatings 
obtained with the addition of PPGE were found to have improved properties as 
compared with those of the unmodified resin. Coatings with 15% loading of PPGE 
showed improved flame retardant and mechanical properties with stable thermal 
behaviour. 
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Over the past few decades, photoacid generators (PAGs) have gained enormous 
interest due to their immense applications in microlithographic industry. PAGs 
are the key material used in the field of photoresists for semiconductor 
fabrication. On photoirradiation of polymer film containing a PAG, results in 
generation of acid, which catalyzes certain important chemical transformations 
within the polymer film such as deprotection of functional groups, initiation of 
polymerization or cross linking process. We have synthesized four different 
classes of photoresponsivehomopolymers and their copolymers with methyl 
methacrylate, styrene, ethyl acrylate, etc.  using the well-known free radical 
polymerization techniques. After completion of the polymerization the resulting 
polymers were characterized by IR, 1HNMR and GPC. To investigate the polymers 
as PAG, polymers was spin coated onto silicon wafers using a headway research 
spinner. The FT-IR spectra indicated photodecomposition of polymer films on 
irradiation. The hydrophobicity of the surface was tested by measuring water 
contact angle. One of the schematic presentations of synthesized polymer and 
their application for the development of photoresponsive polymer surfaces is 
given below. The details of the other polymers and their synthetic procedures will 
be presented. 
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Development of new chemosensors that are selective and sensitive to Cu2+ions, 
especially in aqueous media, is of tremendous importance. We report synthesis of 
two new block copolymers that are capable of highly selective and sensitive 
detection of Cu2+ in aqueous medium. In the first case, poly (t-butylacrylate)-
block-poly (3-bromopropylacrylate) was prepared using RAFT polymerization 
technique. The said block copolymer was reacted with 2, 4-
dihydroxybenzaldehyde followed by reaction with rhodamine B hydrazide for 
successful incorporation of the desired rhodamine units in the block copolymer 
structure. The second polymer was synthesized from poly(2-pyrrolidinemethyl 
acrylate) using RAFT polymerization technique. The pyrrolidine nitrogen group of 
polymer was subjected to aza-Michael type addition with ethyl acrylate. Then 
rhodamine is attached to the polymer. Cu2+ induced opening of the spirolactam 
ring of the rhodamine units resulted in rapid and easily noticeable color change, 
thus enabling a highly selective detection of Cu2+ ions in aqueous medium for 
concentrations as low as 2 µM. We have further demonstrated that this Cu2+ 

bound polymer complex can further act as a selective and sensitive sensing 
platform for CN- in aqueous medium with concentrations < 1 µM (0.06 ppm). 
Moreover, the polymer can also be used to remove Cu2+ from the aqueous 
medium.The ability of these polymeric systems to detect copper in aqueous 
media, in comparison to the previous reports of using organic solvents to make 
such a polymer soluble, opens a new window for application of these systems in 
detection of copper in biological systems. 
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Instead of the conventional copper-based reagents for the development of star-
branched polymers, we have established a novel and environmentally benign 
method, whereby a 1,3-dipolar cycloaddition reaction has been applied using a 
non-toxic reagent, Iodosobenzenediacetate [PhI(OAc)2]. We have demonstrated 
the synthesis of core cross-linked star (CCS) polymers via the formation of 
isoxazoline ring using ‘click reaction’ between acrylate functionalities in a 
polymer chain and in situ generated nitrile oxide groups from a cross-linker 
added externally. In the initial step, a well-defined styrenic block copolymer with 
acrylate-functionalized middle-block was synthesized by reversible addition 
fragmentation chain transfer polymerization (RAFT) using α,α’ -xylyl-
bis(dithiobenzoate) as a chain transfer agent using 4-vinyl benzyl chloride and 
styrene as co-monomers. Thereafter, the chlorobenzyl groups were converted 
into acrylate by reacting with acrylic acid. In the following step, core cross-linked 
star (CCS) polymers were synthesized by reacting the above block copolymer and 
oxime-functionalized cross-linkers (bi- and tetra-functional) using [PhI(OAc)2] 
‘click chemistry’.This approach has been drawn a step further via its introduction 
in polymer-polymer system where both the oxime and acrylate has been dangled 
from linear polymeric chains and have been reacted towards the formation of 
CCS polymers. In aqueous medium these CCS polymers produced polymeric 
nanoparticles (NPs), which could potentially serve as a carrier of hydrophobic 
drug molecules. Their drug loading capacity was investigated using coumarin 
dyes through steady state and time resolved spectroscopy studies. 
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The thiol-ene reaction is a clean and effective method for the introduction of the 
thioether functionality into unsaturated compounds. It appears to be perfectly 
suited to create multifunctional polymer structures and proceeds via 
radical/anionic path. “Ene” reactivity falls with decreasing electron cloud over the 
double bond [1]. Thiol-ene reaction also may be an essential route to fabricate 
(AB)n type of polymeric backbone. Compounds formed by thiol-ene chemistry 
have more regular structure than those formed by standard free radical 
polymerization. Hydrothiolations of alkenes are accomplished under mild base or 
nucleophilic catalysis via anionic path [2]. The use of weak base catalysts, e.g. 
triethylamine, is known to catalyze the process due to readily accessible pKa of 
most thiols yielding anti-Markonikoff product. 
In this work, we report synthesis of chain polymer from bisallyl and bis vinyl silane 
systems of bisphenol-A via thiol-ene reaction with a dithiol compound (Scheme 
1). To carry out this work, diene parts were synthesized and characterized (FTIR, 1H 
NMR, GC-MS, and CHNS). The polymers were characterized by FTIR, GPC and 1H 
NMR. GPC indicated that the conversion is more for allylsilane compared to 
vinylsilane. The Difference in reactivity is attributed to the electron density of the 
double bond. 
 

 
 

Scheme 1: Schematics of chain polymer 
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In recent decades, Peptide/protein-polymer conjugate are an important class of 
biomaterials with a wide range of applications in biotechnology, tissue 
engineering and therapeutics.1,2 These biomaterials are typically prepared by 
“grafting from” or “grafting to” methods.3,4 In this context, the synthesis and 
aggregation behavior of poly(methyl methacrylate)-block-polytyrosine (PMMA-b-
Ptyr) and poly(methacrylic acid)-block-peptide (PMA-b-Peptide) bio-conjugates 
are described. PMMA-b-Ptyr is prepared by combination of ATRP, “click” chemistry 
and ROP of tyrosine N-carboxyanhydride using designed dual initiator. PMA-b-
Peptide is prepared via ATRP of tert-butyl methacrylate using sequence-defined 
peptide based macroinitor followed by successful hydrolysis of acid-labile tert-
butyl-group. These two as-synthesized conjugates are characterized by NMR, FTIR 
and GPC analyses. The PMMA-b-Ptyr conjugate shows the formation of mostly 
helical conformation as studied by FTIR and CD spectroscopy. On the other hand, 
PMA-b-Peptide conjugate shows the formation of β-sheet conformation in water. 
The PMMA-b-Ptyr undergoes self-assembly to form composite micelles in DMF, 
but PMA-b-Peptide self-assembles in alkaline water (pH~6) to form well-dispersed 
spherical micelles as confirmed from FESEM analysis.  
  
 
 

 
 
 
 
 

Figure: FESEM images of composite micelles of PMMA-b-Ptyr conjugate in DMF (A) and 
spherical micelles of PMA-b-peptide conjugate in alkaline water (B). 
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It is economically more advantageous to complete the polymerization of PET by a "solid 
stating" process than to continue the melt polymerization for a substantial extra number of 
hours in order to bring the intrinsic viscosity of the final product from about 0.7 dL/g to 
around 1.0 dL/g. Firstly, the amorphous chips enter a fluidized pre-crystallizer where they 
are crystallized at ~170 degree C with vigorous agitation to prevent sticking. The 
amorphous transparent chips turn opaque because of the formation of spherulites. The 
chips are further crystallized at higher temperature ranges (~ 190 degree C) in a rotary 
crystallizer, which consists of a heated vessel with a rotating stirring element (a screw or a 
shaft with paddles) which pushes the chips forward. Air or nitrogen may be used during the 
crystallization. The chips leaving the rotary crystallizer have a density of 1.3845g/cubic cm 
(having a crystallinity of 30%).PET crystallization is advisable for the design of the 
crystallizers.The moving bed, or gravity-flow continuous SSP reactor,essentially consists of a 
long tube where a bed or column of polymerizing chips moves by gravity downwards while 

an inert gas is passed through the moving bed in a counter-
current direction at a velocity which is  insufficient to raise 
or fluidize the bed but sufficient to remove the volatile 
reaction products such as EG and AA. The height of the 
moving resin column is essentially constant by the 
continuous addition of the crystallized low I.V. resin at the 
top of the column and withdrawal of the high I.V. material 
at the bottom.The reactor provides plug flow so that the 
chips experience close to uniform residence time.The gas-
to-solids ratio in the reactor and the temperature setting 
are used to control the rate of the reaction. The final chips 
reach an I.V. of 0.70-0.85dL/g, depending on the intended 
application, and a density of ~ 1.400 g/cubic cm. 
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Figure 1 : Rough draft of SSP Reactor 
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The atom transfer radical polymerization technique has been growing with new 
range of choices of different initiating systems to the controlled molecular 
structures and functional polymers. The emulsion atom transfer radical 
polymerization (ATRP) was successfully applied to methyl methacrylate initiated 
by novel acetyl chloride using Brij 98 surfactant. The conventional initiators like 
alkyl halides which involves quick and easily removable halogen groups that are 
actually transferred. Use of acetyl chloride groups as initiating systems is a totally 
new concept as RCO—Cl bond is highly reactive and dissociates readily to form 
radicals and thus producing halogen radical for further transfer reactions. The 
effects of surfactant concentration, temperature, and monomer/initiator ratio on 
the system livingness, polymer molecular weight control were examined in detail. 
It was found that the polymerization system with Brij 98 as surfactants at 280C 
gave good product yield (91 – 94%) with high reaction rates. The polymer 
samples prepared under these conditions had narrow molecular weight 
distributions (Mw/Mn=1.1-1.2). The polymer characterization was done using 
Fourier-Transform Infrared spectroscopy (FT-IR), nuclear magnetic resonance (13C-
NMR), Thermo gravimetric analysis (TGA), Scanning Electron Microscope (SEM) 
and Gel Permeation Chromatography (GPC). The result has encouraged the 
successful use of acetyl chloride as effective ATRP initiator. 
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We have developed an efficient procedure for the one pot synthesis of 1,4-
disubstituted 1,2,3-triazole derivatives by the ‘click’ reaction of azides generated 
in situ from anilines or amines and terminal acetylenes catalyzed by polymer 
anchored Cu(II) catalyst in water without using any additives. The polymer 
anchored Cu(II) catalyst was synthesized and its catalytic activity was evaluated in 
the Huisgen [3+2] cycloaddition reaction for the first time. This protocol offers 
several advantages like low catalyst loading, high yields, clean reaction, 
recyclability of the catalyst, reaction in water, no use of hazardous organic 
solvents for the purification of product, one pot synthesis of triazoles from 
anilines or amines [1-5].  
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Designing a polymer usually involves the incorporation of multiple functional 
units into a polymer chain. By combining various functional units, a myriad of 
polymer properties can be fine-tuned. For example, various stimuli-responsive 
polymers can easily be synthesized from well-defined reactive pre-polymers. This 
route enables us to incorporate multiple functionalities, which render the 
obtained polymer responsive to multiple stimuli. Stimuli of interest are: 
temperature, light and redox.  
Post-polymerization modifications are as old as the discipline of polymer science 
itself. As a matter of fact, the first polymer products were prepared by modifying 
natural polymers. Ever since, efficient chemistries – nowadays called “click 
chemistry” – have been utilized in post-polymerization modifications. In the 
present study, particular focus will be laid on recent developments in post-
polymerization modifications utilizing modern multicomponent reactions as well 
as sequential conversions. These allow the synthesis of complex functionalities in 
facile synthetic steps. Various approaches will be presented to provide an 
overview of the possibilities of modern polymer synthesis when it comes to 
precision synthesis. For example, we could demonstrate the direct conjugation of 
amines onto polymers featuring alkyne units with the aid of tosylazides under 
copper(I) catalysis.[1] But also the polymerization of vinylcyclopropanes has been 
revisited with idea to use the respective polymers for post-polymerization 
modifications.[2] In conclusion, these and other examples document the valuable 

contributions synthetic 
polymer chemistry can 
make to the future of highly 
specialized functional 
polymers. 

 
Figure 1: Example of a multi-component reaction that allows the direct conjugation of 
amines onto polymers featuring alkyne units [1] 
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We report a three dimensional Langevin dynamics simulation of a uniformly 
charged flexible polyelectrolyte, translocating through a asymmetric narrow 
channel with periodically varying cross-sections under the influence of a periodic 
external electric field. When reflection symmetry of the channel is broken, 
rectification effect is observed with a favored direction for the chain 
translocation.  For a given volume of the channel unit and polymer length, the 
rectification occurs only after a threshold frequency of the external 
periodic driving.  We also observe that the extent of the rectification depends on 
the length of the polyelectrolyte, geometric parameters of the channel governing 
the spatial asymmetry and the strength of the external periodic driving field. The 
observed rectification process is interpreted in terms of an effective asymmetric 
periodic potential along the direction of the polymer translocation. 
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Compounds that change their optical, magnetic, and electrical properties as a 
function of external stimuli, is an exciting area of study in materials science. 
Hyperbranched polymers with azo moiety are well known photo-responsive 
material (smart material). The photo-orientation of the azo moieties through 
trans-cis-trans isomerization induced by irradiation with polarized light in the 
absorption region of azobenzene (visible and UV) results in photo-induced optical 
anisotropy that makes this kind of polymers interesting functional materials for 
different applications. Also, presence of1,2,3-Triazole ring in polymer architecture 
induces anti-microbial properties. 

In the present work, we have designed a polyurethane coating from cotton seed 
oil based hyperbranched polyol which consists of azo moiety as well as 1,2,3-
Triazole ring. Further, the polyol was treated with 4,4’-methylenedicyclohexyl 
diisocyanate (H12 MDI) in a predetermined ratio. The resulting NCO-terminated 
prepolymer was cured under atmospheric moisture to get hyperbranched 
polyurethane-urea. The obtained PU was characterised by 1H NMR, 13C NMR, 
Fourier transform infrared spectroscopy (FTIR), ESI-Mass spectroscopy, X-Ray 
diffraction (XRD), Scanning electron microscopy (SEM), Transmission electron 
microscopy (TEM), UV-vis absorption  spectra, Thermogravimetric analysis (TGA) 
,and Differential scanning calorimetry (DSC). 
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Polysulfones are high performance engineering thermoplastic withexcellent 
chemical and thermal stability, excellent strengthand flexibility, transparency, as 
well as a high glass transitiontemperature and good film forming properties. 
Owing to theseproperties, polysulfones are used in the fields ofmaterials 
science,biology and polymer science and have been the basis of 
numerousapplications. Despite tremendous progress in their synthesisand 
applications, the materials have some limitations related tostress cracking with 
certain solvents, poor tracking resistance andweathering properties. The 
introduction of functional groups intothe polysulfones not only overcomes these 
limitations but alsoextends the range of potential applications like as membranes 
with special functions, nanocomposites, biofilm formation, fuel cells etc. and 
thusprovides a wider scope. Introduction of functionality to polysulfoneshas been 
accomplished by the post-functionalization process of polysulfone. 

Chloro substitution of polysulfone is an important intermediate to functionalize 
various groups via grafting, crosslinking in the polysulfone backbone which 
expands the possibility of various applications. 
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Today, the rapid economic growth and urbanization of India facing issues of solid 
waste management: the most crucial health and environmental problems. In recent 
years, plastics have become a significant component of solid waste accounting for 20-
27%. Plastic being non-bio-degradable, its decomposition does not take place at 
disposal site. Besides, plastic causes choking of drains and environmental pollution 
when burnt under uncontrolled condition.These observations indicate that our 
current use of plastics is not sustainable.Hence, biodegradation & / or recycling of 
plastics is receiving more attention, which will reduce the proportion of this waste 
component at disposal sites.Recycling is one of the most important actions currently 
available to reduce these impacts and represents one of the most dynamic areas in the 
plastics industry today. Recycling provides opportunities to reduce oil usage, carbon 
dioxide emissions and the quantities of waste requiring disposal.  
Over the past 50 years in plastic industry, the success of thermoplastics of polyolefins 
based on petroleum resources can be attributed not only to the reliable raw materials 
basis but also to their versatile applications (packaging and biomedical devices) and to 
their melt-processability. The inertness and durability of polyolefins have made them a 
material of choice for many applications but seemingly also a disadvantage when it 
comes to their disposal or waste management. This present investigation aimed at 
using nanoclay (layered silicates) for enhancing the photo-oxidative degradation of 
polyolefins (PE, PP and their copolymers). The strategy involved here is preparing 
nanocomposites of polyolefins with clay as reinforcing nanoscale filler and pseudo-
pro-oxidant and microcrystalline cellulose as biodegradable additive for enhancing 
the biodegradation. Investigation on mechanical properties and FTIR spectroscopy 
upon photo-irradiation suggested that the clay-containing samples are more 
susceptible towards photo-oxidation than the neat polymer and the composites with 
cellulose particles. Biodegradation studies by composting method indicated that 
incorporation of clay has no direct and significant effect on earlier stage of weight loss, 
show higher level of bio-disintegration when they are already photo-oxidated. Since 
the clay incorporated samples showed their vulnerability to photo-oxidation which is 
pre-requirement for biodegradation of polyolefins, it is suggested that the acceptable 
level of biodegradation can be achieved by incorporation clay followed by photo-
oxidation. 
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Design of additives remains an art more than science.  Some years ago, our 
simulations had suggested1 that “sticky” molecular additives could alter the route 
to polymer crystallization.  However, this had not been experimentally realized so 
far.  Here, we present results that suggest a design strategy for molecules that act 
as “sticky” additives, that influence polymer crystallization.  We investigate the 
crystallization of polyethylene oxide (PEO) that is an FDA-approved 
biocompatible polymer.  PEO is used as a matrix for controlled release of drugs. 
Therefore, controlling the crystalline morphology of PEO has implications for 
controlled release applications.  We use derivatives of phenol, since these are 
molecularly miscible with PEO and investigate their effect on PEO crystallization. 
We use DSC, optical microscopy and SAXS to characterize isothermal 
crystallization of additivated PEO.  We find that bifunctional additives, such as, for 
example, resorcinol or para-aminophenol, that have groups that interact strongly 
with the PEO are “sticky”.  Such additives depress the melting point of the 
polymer – however, remarkably, they do not decrease the equilibrium melting 
point at loadings of 5%.  The crystallization rate is also suppressed relative to neat 
PEO.  SAXS investigations reveal that while the melting point and crystallization 
rate are decreased, the lamellar thickness and long spacing increase.  We argue 
that our results point to accumulation of these additives at the lamellar basal 
planes that gives rise to an increase in the lamellar surface energy. 
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Apart from the desalination activities, thin film Polyamide composite membranes 
spread their wings in different separation arena (viz. removal of organic 
pollutants, pesticides).  The preparation of the tailor-made membranes is an art. 
The nature of the thin film composite membrane is not only instrumental, it 
depends upon the chemistry of Polysulfone /Polyether sulfone membrane as well 
as polyamide coating layer. The base asymmetric polysulfone membrane controls 
the permeation whereas polyamide coating layer controls the separation. 
In recent years, attention has been focused regarding the priority to supply safe 
drinking water. There are several techniques (viz. active carbon filtration, ozone 
treatment, membrane separation) to remove the pesticides from water. 
Membrane separation technique has its potentiality and advantageous amongst 
all. There are several factors (e.g. nature of membranes, nature of pesticides, 
presence of organic and inorganic matters, techniques) that influences the 
separation are to be discussed.  
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Gels made of poly vinyl alcohol (PVA) and hyaluronic acid (HA) have several 
promising applications in various biomedical implants and drug delivery systems 
[1,2]. These swellable hydrogels can be prepared by crosslinking either of or both 
the polymers. Due to significant internmolecular interactions, both the polymers 
have range of meso- and micro-phase structures in solution. These structures 
affect the gelation and crosslinking behaviour, and in turn, gelation affects the 
microstructure. Therefore, sol-gel transition as well as final gel properties are 
closely interlinked with the evolving molecular assembly processes in these 
blends.  
In the present work, the crosslinking reactions of PVA with glutaraldehyde and HA 
with divinyl sulfone were used to prepare gels. PVA and HA solutions were 
blended to make the hybrid hydrogels. Given the extensive ionic and hydrogen 
bonding interaction centers in the polymers, semi-dilute solutions exhibit 
signficant non Newtonian behaviour as a function of concentration and pH. The 
rheological characterization during gelation, and of the hydrogels was carried out 
using small amplitude and large amplitude oscillatory shear. Different types of 
molecular organizations, at different HA contents, lead to different signatures in 
rheological response [3]. These differing rheological responses can be identified 
during gelation, and persist in the final gels. Optical and electron microscopy was 
used to examine and confirm the morphological features during and after 
gelation.  
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It has been long known that many polymers, from the earlier olefin polymers, 
polyethylene (PE), to aliphatic and aryl polyesters, when crystallized in thin films, 
could display periodical optical ring patterns. In this study, new light is shed to 
establish correlations between the outer surfaces and inner interiors of petro-
based or biodegradable semicrystalline polymers crystallized with periodical 
lamellar assembly, which were examined in details by using various microscopy 
techniques: scanning electron microscopy (SEM), polarized-optical microscopy 
(POM), and atomic-force microscopy (AFM), wide- and small-angle X-ray analyses. 
Correlations between the surfaces and interiors of crystal lamellae packed into 
periodical patterns such as ring bands or regular dendrites were examined in 
several polyesters and biodegradable polymers [1-5]. Thin-film vs. bulk polymers 
exhibit different lamellar assemblies. For examples, the 3-D spherulites in the bulk 
PNT are not always well-rounded full spheres; they can be hemispheres owing to 
nucleation on the surface side or multi-shell cones (spheres sliced off both poles) 
when thickness or growth is confined. Furthermore, 3-D views on PLLA 
spherulites reveal a periodical up-and-down pattern of up to 100 micron pitch, 
with the convex (ridge) portion filled with tiny twisted crystals but the concave 
(valley) portion filled with amorphous chains. Such confinement in thin films 
leads to appearance of concentric rings of various shapes, which originate their 
development from inner or substrate nuclei. Comparison of fractured surface of 
multi-shell conformation model with that of lamellae twisting model in spherulite 
indicates that inner lamellae are arranged differently from those surfacing to the 
top. Based on these revolutionary novel 3D approaches of direct viewing interiors 
in comparison with thin-film top surfaces, this study has offered novel insights to 
put one step forward on these historically long-debated crystal issues. 
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Adjusting property profiles and developing new grades of blends and 
compounds often require a large number of experiments to handle the 
complexity of the mixture. When new materials, such as biogenic polymers, new 
fillers or additives, or more complex systems, such as ternary and quaternary 
blends, are involved, there is often no or little prior experience. Using 
conventional methods of compounding, injection molding and testing, it can 
take many months and even years to develop appropriate compounds because a 
large number of experiments are necessary. Without a sufficiently large body of 
experience, it is not possible to reduce the number of experiments to a level that 
can be handled with conventional methods within a reasonable amount of time. 
Polymaterials’ High Throughput Screening system can reduce the time required 
to study 50-300 thermoplastic compounds including mechanical testing to only 
one or two weeks. Thus, combinatorial screenings as well as the generation of 
predictive models based on suitable experimental designs are possible to identify 
the most useful combination of components, establish the presence or absence 
of interactions between these components, and evaluate the range of properties 
that can be achieved. Examples for successful application of the system are the 
study of the interaction of flame retardants and synergists with glass fibers, the 
adjustment of the Tg of a semicrystalline polymer without affecting the melt 
temperature, development of tough PLA compounds, and the optimization of the 
mechanical properties of blends by screening for the most suitable grades of the 
starting polymers. 
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In today’s business environment, Intellectual Property (IP) plays a key role 
towards developing impactful research opportunitiesand building IP assets both 
in academia & industriesfor monetization. Over the time,patent information 
becoming more and more critical for research success by providing competitive 
edge to the scientists & technologists. It has been observed that the technology 
information from patent is often ignored to be utilized as a vitalresourcesduring 
research planning and development. Patent information not only reveals the 
threats and opportunities for research and innovation through the state-of-the-
art analyses; it also helps in assessing potential risk or road block in future during 
commercialization of the product in the market by conducting techno-legal 
analyses. In this paper, we will introduce the importance of patent and how it 
brings value to the organization in creating/protecting IP and building IP strategy 
to gain higher business impact through case studies. 
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Carbon nanotubes (CNTs) and graphene based polymer nanocomposites have 
gained enormous research interest in the academic as well as industrial 
community due to the outstanding properties associated with CNTs and 
graphene. However, the ‘agglomerated’ dispersion of CNTs (or graphene) in the 
respective polymer matrix along with inadequate interfacial interaction between 
the CNTs (or graphene) and the polymer matrix make it a challenge to achieve 
outstanding properties associated with CNTs/graphene.  
In this context, multiwall carbon nanotubes (MWNTs) have been ‘de-
agglomerated’ with the aid of an organic modifier; Li-salt of 6-amino hexanoic 
acid (Li-AHA). Li-AHA modified MWNTs have been used to intercalate inside the 
partially exfoliated expanded graphite (EG) gallery. Transmission electron 
microscopic (TEM) observation along with selected area electron diffraction 
(SAED) pattern have indicated hexagonal ‘dot’ pattern in case of Li-AHA modified 
MWNTs/EG hybrid mixture, whereas unmodified hybrid mixture showed ring 
pattern associated with poly-crystalline nature of EG. Hybrid nanocomposites of 
PA6 with EG/MWNTs were prepared via melt-mixing technique in a conical twin-
screw Microcompounder. AC Electrical conductivity, morphology and thermal 
properties will be discussed in context to the effectiveness of the non-covalent 
organic modifier (Li-AHA) to achieve the intercalation of m-MWNTs inside the EG 
gallery in the composites. 
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Chemical modification of cis- polyisoprene in natural rubber is an emerging area 
of research. Grafting is one of the methods widely using for this purpose. In the 
present work, water soluble polymer poly (dimethylaminoethyl methacrylate) 
(PDMAEMA) was chemically grafted to the surface of hydrophobic natural rubber 
particles by a second stage polymerisation of dimethylaminoethyl methacrylate 
(DMAEMA) monomer. The process was initiated by a redox couple cumene 
hydroperoxide (CHP)/ tetraethylenepentamine (TEPA). The modified latex 
showed a significant increase in the colloidal stability at low pH. After removing 
the homopolymers, monomers and initiators by dialysis, the treated latex was 
blended with PVA, a hydrophilic polymer and casted into membranes. The 
blended and non blended membranes were characterized in terms of 
morphology (using SEM), compatibility (using FTIR), and thermal stability (using 
TGA). The particle size was examined using dynamic light scattering (DLS). 
Swelling and dye release studies were also done with the membranes.     
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Many applications require a structural composite to have an elastic modulus high 
enough to withstand numerous mechanical stresses and strains over a long 
period of time. One application is the underbody of jet aircraft exposed to the 
back blast of jet engines, especially the V/STOL (vertical/short take-off and 
landing) aircraft. Structural components of helicopter and automobile frames are 
also exposed to severe mechanical demands. 
Advanced composites are lightweight, high strength and high modulus materials 
made with carbon/Kevlar fibers and thermally stable polymers used in the 
aerospace industry. A variety of resins are available for such applications. Epoxy 
resins meet the thermal and mechanical property requirements for the aerospace 
industry. But their applications restricted to about 1200C because of their Tg. 
Condensation type polyimides have very high Tg (3500C) but the processability 
into composites is extremely difficult. This problem with processability is 
overcome in the case of bismaleimides. But they are highly brittle. PMR type 
polyimides developed to overcome the brittleness of bismaleimides suffer with 
the carcinogenic nature of one of the constituents, the diamine monomer MDA. 
Phthalonitriles are known to be the polymers with highest thermal stability. 
Carbon fiber/phenolic resin composites find application as components for 
aircraft interior. Phenolics evolve volatiles during curing. Benzoxazines undergo 
addition curing without evolving any volatiles and are superior in this respect. 
The nano composites of these resins with POSS and functionalized MWCNT are 
also explored. The properties advantages and disadvantages of these resins will 
be discussed. 
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The hydrogel polymer of the gum ghatti (Gg) with the co-polymer mixture of the 
acrylamide (AAm) and the methacrylic acid (MAA) was synthesized under the 
influence of microwave radiations. The synthesized hydrogel polymer was 
characterized using Fourier transform infrared (FTIR) spectroscopy and scanning 
electron microscopy (SEM). Moreover, the changes in the thermal properties of 
the Gg after the graft co-polymerization were examined using the TGA/DTA/DTG. 
It was observed that the Gg-cl-P(AAm-co-MAA) hydrogel polymer showed 
maximum swelling of 1959 % at 60 °C after 20 h of swelling time in neutral 
medium. Furthermore, the hydrogel polymer was successfully utilized for the 
removal of saline from different petroleum fraction-saline emulsions. The 
flocculation capacity of the hydrogel polymer was also examined and it exhibited 
the maximum flocculation capacity in an acidic clay suspension with a 15 mg 
polymer does at 40 °C. Furthermore, the hydrogel polymer was employed for the 
adsorption of Pb+2 and Cu+2 from the aqueous solution and it were found to 
absorb 94 % and 75 % of Pb+2 and Cu+2, respectively, from aqueous solutions. 
Finally, the Gg-cl-P(AAm-co-MAA) hydrogel was subjected to the biodegradation 
using the soil composting method and the different stages of biodegradation 
were characterized using the FTIR and SEM analysis. In summary, the Gg-cl-
P(AAm-co-MAA) hydrogel was demonstrated to have potential for use as 
flocculants and heavy metal absorbents for industrial waste water treatment. 
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Polypropylene (PP) is a versatile polymer, being effective for extensive 
commodity applications.  The performance of PP is enhanced by reinforcing with 
various fibres viz. glass fibre, carbon fibre etc. as well with particulate fillers such 
as talc, calcium carbonate, mica etc.  The present study describes the 
reinforcement of Tasnee PP with short glass fibre (SGF) in the concentration range 
0-40 wt% in a twin screw extruder.  The composites’ performance has been 
observed with respect to the twin-screw extrusion conditions.  The composite, 
PP/SGF40, properties have been significantly improved with the screw profile, 
screw speed and temperature profile.  The residual fibre length has been found to 
be increased significantly (more than 200%) after the extruder’s screw profile is 
modified.  The enhanced fibre length is found to reinforce the composite 
effectively with improved interfacial interactions in presence of PP-g-MAH as 
compatibilizer.  Tasnee’sPP/SGF high performance composite is found to exhibit 
tensile modulus (+75%), tensile strength (+80%), flexural strength (+15%), and 
more than 12 times of impact strength, compared to the competitor 
composite.The composite properties have been found to be comparable to that 
of fibre reinforced thermoset polyester.With its high performance, Tasnee 
PP/SGF40 composite has been found to swap the fibre reinforced thermoset 
polyester for water-meter box application. 
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Acoustic absorber panels are essential for providing a stealth coating for ships 
and submarines. Also, they are useful for anechoic lining for water filled tank 
facilities used for calibration and evaluation of underwater acoustic devices. 
Polymeric materials have been used in a variety of applications for the absorption, 
transmission and detection of sound1-2. All of these situations have their reliance 
on the viscoelastic nature of polymer materials. Therefore, correlation of visco-
elastic and acoustic properties is vital in the design of acoustic absorber tiles. 
Visco-elastic measurements were carried out using dynamic mechanical analyser 
(DMA) in the tensile mode in 0.1 to 50 Hz frequency range. Time temperature 
superposition technique was used to generate modulus and damping properties 
in the acoustic range. These data were used as inputs for design of acoustic 
absorber tiles using FEM modeling. Gradient and multilayer designs with and 
without geometric inclusions were generated and their acoustic properties were 
modeled. Some of the best designs evolved were validated using pulse tube 
technique as well as acoustic evaluation in an anechoic tank facility. Acoustic 
absorber panels with echo reduction values >15 dB in selected frequency ranges 
with different thickness were developed.  
 

 

 

 

 

Fig. 1(a)Superposed data of viscoelastic properties from DMA analysis; (b) FEM modeling 
result for acoustic performance of samples with varying thickness 
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The main goal of this work is to modify surface of nano CaCO3 with silica by an 
elegant approach of sol–gel method and also to compare the influence of sol–gel 
modified nano CaCO3 with unmodified nano CaCO3 in the cure, mechanical and 
thermal properties of acrylonitrile butadiene rubber (NBR) nanocomposites. The 
surface modification of nano CaCO3 is characterized by Fourier transform infrared 
spectra and Field emission scanning electron microscopy. The modified nano 
CaCO3 causes significant improvement in the maximum rheometric torque and 
cure rate index value of NBR nanocomposites in comparison to unmodified nano 
CaCO3. More importantly, incorporation of surface modified nano CaCO3 provides 
substantial enhancement in the mechanical properties of NBR nanocomposites 
and at 4 phr (parts per hundred parts of rubber) filler loading level tensile 
strength of modified nano CaCO3 filled NBR vulcanizates shows a large increment 
by 37.33 % compare to that of unmodified nano CaCO3 filled NBR vulcanizate. 
Thermogravimetric analysis reveals that sol–gel modified nano CaCO3 delivers 
greater thermal stability in NBR nanocomposites than unmodified nano CaCO3. 
The fantastic enrichment in the cure, mechanical and thermal properties of NBR 
nanocomposites containing surface modified nano CaCO3 will be the part of great 
interest for rubber researcher regarding the broad application of sol–gel modified 
nano CaCO3 as important filler in rubber industry. 
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In recent times, aromatic polyimides have received considerable scientific and 
technological attention due to their outstanding characteristics such as 
exceptional tensile strength, excellent thermal, and radiation stability [1]. Because 
of their outstanding properties, they have been widely used in the manufacture 
of integrated circuits, thermally stable films, adhesives, coating, and components 
in spacecraft. When these are applied to space environment and some electronic 
instruments, electrostatic charges are accumulated on their surfaces, which cause 
unwanted heating and premature degradation of materials [2]. Therefore, there is 
a need to increase the electrical conductivity of polyimides. 
The objective of present study is to prepare conductive polyimide (PI) - carbon 
nanofibers (CNFs) composite at very low percolation threshold.  The combined 
advantage of in-situ polymerization of PI in the presence of highly graphitized 
CNFs and continuous probe type sonication throughout the polymerization 
provide electrically conductive PI composites with a significantly lower 
percolation threshold than previously reported. The electrical conductivity and 
electromagnetic interference shielding effectiveness (EMISE) of the composite 
with different weight percentage of CNFs (0.25-5 wt%) were investigated at room 
temperature. The measurement of EMISE was carried out using thin film of 
composites in a frequency range of 8.2–12.4 GHz (X-band). The DC conductivity of 
composites follows the percolation scaling law with a very low percolation 
threshold (0.5 wt% CNF). The electrical conductivity of the PI composite increases 
by more than ten decades of magnitude, from 5.8 × 10-16 to 2.03 × 10-6 mho.cm-1 

by the addition of 0.5 wt% CNF [Fig.1]. The conduction mechanism in composites 
is explained in the light of power law dependent current 
(I)-voltage (V) characteristics. The composite of 0.07 mm 
thickness shows EMI SE above 12 decibel (dB) at 5 wt% 
CNFs loading. The experimental data suggests that the 
prepared composites can be used for the dissipation of 
electrostatic charge and EMI shielding purpose. 
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Polylactide (PLA) is an important biodegradable polymer, used for numerous 
applications ranging from industrial packaging to tissue engineering. However, 
its inherent brittleness and limited thermal stability has restricted its penetration 
to niche markets. In this communication, the authors demonstrate that blending 
of PLA with castor oil-based polyurethane prepolymer (COPUP), with the addition 
of COPUP dispersed in the PLA matrix can overcome the inherent brittleness of 
the matrix polymer. NCO-terminated castor oil-based polyurethane prepolymer 
was successfully synthesized which occurred subsequently mixed with different 
concentration of PLA matrix using melt blending technique. The interfacial 
compatibilization between COPUP and PLA phase happened by the reaction of 
NCO groups with terminal hydroxyl groups of PLA was confirmed by FT-IR peak 
deconvolution technique. As indicated by the results of DMA and DSC, the glass 
transition temperature (Tg) of PLA and COPUP shifted closer together, indicating 
that the blend compatibility increased. The tensile properties and notched Izod 
impact strength of the PLA and toughened PLA are also being investigated. With 
30 wt% COPUP concentration, the elongation at break of the blend reached 
377.46 %, and a notched Izod impact 269.62 J m-1. With improved toughness, the 
PLA/COPUP blends could be used as replacements for some traditional 
petroleum-based polymers. 

 

 

 

 
 
Keywords: Castor oil-based polyurethane prepolymer; polylactide; toughening; mechanical 
properties. 
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Synthesis of 1D nanostructure of polyaniline (PANI) using template or without 
template is relatively new in the direction of PANI research. However, the 
technique without using any structure directing materials (templates) is the quite 
challenging task as it avoids post-polymerization cleaning step to receive PANI 
nanostructure. 
In-situ synthesis of Au/PANI composite is reported here by reduction of HAuCl4 in 
presence and absence of citric acid (CA) by simple solution mixing method at 
room temperature (25 oC). In absence of CA, HAuCl4 itself plays dual role as 
dopent as well as oxidizing agent for oxidation of aniline to form PANI. Spherical 
like gold nanoparticals coated with PANI layer are seen (figure 1a). In presence of 
CA as a secondary dopant and HAuCl4 as an oxidant, fibrous worm like 
morphology is formed and tiny gold particals are assembled to form gold 
nanorods that are finely coated by PANI film. Depending upon aniline to citric 

acid molar concentration morphology 
vary from spherical to irregular assemble 
structure to regular worm like structure. 
Importantly synthesized composite show 
superior catalytic activity towards toxic 
aromatic nitro compounds reduction. 
 

Fig.1. Au/PANI composites (a) Spherical morphology in absence of CA and (b) Worm like 
fibrous morphology in presence of CA. 
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Fully bio-based composites composed of polybenzoxazine resins obtained from 
renewable natural resources (such as cardanol, furfurylamine and stearylamine) 
and bio-fiber such as jute fiber were prepared.  The purity of the isolated cardanol 
was determined by Gas Chromatography (GC).  The structure of cardanol and its 
benzoxazine monomers were characterized by FT-IR, 1H-NMR, 13C-NMR & Mass 
spectroscopic analysis and its polymerization process was monitored by DSC 
analysis.  The composites’ tensile and flexural strength were measured by UTM 
and its impact strength was measured by IZOD impact tester respectively. The bio 
composite (PCF-Bzo/Jute fiber) shows superior thermal and mechanical (from 
TGA & DMA) properties when compared with stearylamine based composite 
(PCS-Bzo/Jute fiber). The surface morphologies of the fractured composites were 
analyzed by Scanning Electron Microscopy (SEM). 

 
Key words: cardanol, stearylamine, furfurylamine, jute fiber. 
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NBR has good oil resistant properties but inferior mechanical properties. 
Polyurethane has good stiffness and strength.  Polyurethane was blended with 
NBR (up to 100 phr) and the blends were cured with Dicumyl peroxide. The curing 
and mechanical characteristics of NBR was investigated as a function of PU 
loading in the presence and absence of carbon black (CB).The addition of PU to 
NBR increased the cure rate of both unfilled and CB filled NBR.The mechanical 
properties of the blends enhanced substantially in the presence of CB .There was 
a fivefold increase in tensile and tear properties of the NBR/PU blends in the 
presence of CB along with a notable increase in SHORE A hardness.TGA analysis of 
blends were carried out. The hold temperature was upto 600°C.Results indicated 
an increase in thermal stability of NBR/PU blends in the presence of CB. 

Investigation of SEM micro graphs of NBR 
containing PU indicated phase separation in the 
micro level. Addition of CB to NBR/PU blends 
homogenized the blend morphology to a certain 
extent, reduced the phase separation which could 
be the reason for the enhancement of mechanical 
properties and thermal stability of the NBR/PU 
blends. 
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Anisotropic mechanical, thermal and electrical properties of aligned carbon 
nanotubes (CNTs) are attractive for many potential applications such as ultrafast 
all-optical switches, EMI shielding, photovoltaic devices, gas sensors, and 
biocatalytic films [1].  Forming composites with polymer is one way to stabilize 
CNT arrays for applications. If the matrix is a crystalline polymer, CNTs can affect 
polymer crystallization [2]. CNTs-induced polymer crystallization has been studied 
in many polymeric systems such as polypropylene (PP), polyethylene (PE) and 
poly(vinyl alcohol) (PVA), etc. [2-5]. Epitaxialgrowth of PE on CNTs to form 
periodic crystal decoration has been observed in solutions [6]. The alignment 
order of vertically aligned CNTs on a flat surfaceusing small-angle x-ray scattering 
(SAXS) /small-angle neutron scattering (SANS) and SEM was reported [7]. In this 
work,we investigatealignment of VACNTs (Fig.1.) as well as templated crystal 

growth among VACNT arrays in bulk, 
where crystals orientation varies with the 
height from the substrate, following the 
alignment order of VACNTsusing 
SAXS/WAXS and SEM.  
 

Fig.1: .2D SAXS scattering patterns (Top row), SEM images (bottom row) 
of CNTs morphology at 0.5, 3.5, and 6.0 mm from the substrate. 
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Saccharum spontaneum, commonly known as Kaans grass (KG) can spontaneously 
grow in both fertile and poorer soil, normally considered as agricultural waste or weed. 
This plant has no specific application till date and left in the field as unattended, 
mostly used as cattle feed or fuelling in domestic purpose. It is tried to fabricate green 
composite using this plant, kaans grass as reinforcing filler (KG-filler) and 
polypropylene using maleic anhydride grafted compatibilizer (PP-g-MA). Effective 
interaction and thereby improved surface adhesion between the KG-filler and base 
polymer matrix, polypropylene were achieved by the coupling agent. The properties 
and performances of the composite were optimized with maximum KG-filler loading 
to minimize the cost. Study of tensile and impact strength showed significant 
improvement in both the properties due to reinforcement of KG-filler in the base 
polymer matrix. Dynamic mechanical analysis (DMA) showed reasonable increase in 
storage modulus and loss modulus, while the damping factor (tan δ) had no major 
deviation from the base polymer in the composites. Thermal analysis by TGA showed 
slight deviation in thermal stability only at higher KG-filler loading. FT-IR and 
morphological data by scanning electron microscopy (SEM) suggest interfacial 
interaction with the consequent strong adhesions between KG-filler and the polymer 
matrix. Melt flow properties confirmed the processability of PP-KG composite even 
with 60 phr filler content. Finally, this new composite has similar properties with other 
green composite family members derived from various natural resources and 
polymers. Thus, the fabricated green composite may find parallel applications in 
industrial sector like decking, railing, fencing, door and window frame, automobile 
parts etc. 
Key words: Saccharum spontaneum, dynamic mechanical analysis, thermo-gravimetric 
analysis, maleic-anhydride grafting, reinforcement 
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The commodity articles from native polyethylene (PE) and polypropylene (PP) or 
blends PP and PE as well as composites of PP and PE are widely used. To reduce 
the carbon footprint, native biopolymers such as polylactic acid (PLA) or its 
composites are explored as commodity plastics. All these polymers / blends / 
composites have to be extruded before the fabrication of end products. In this 
work, a heat transfer study from extruded polymer (PP and PE) to water used for 
cooling is carried out. In experimental study, the temperature of still water used 
for cooling after 1, 5 and 10 min were determined and it was correlated with the 
mathematical data. The extruded polymer interacts with air before being cooled 
in water. It has been observed that once the extruded polymer is immersed in still 

water there is maximum increase of 5oC in the 
temperature of still water (Figure). All the polymers 
(PP, PE and PLA) used in this work irrespective of 
the properties follow the same trend of heat 
transfer to water. Heat transfer study indicates that 
the most of the cooling of extruded polymer 
occurs by radiation while very less cooling occurs 
by conduction.  

 
Figure - Temperature of still water at different time intervals after extruded PE, PP and PLA 
are immersed. Here C-PLA and N-PLA represent two grades of PLA. 
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High Density Polyethylene (HDPE) is widely used in packaging application such as 
shopping bag, carrier bag, etc. But, waste generated from polyethylene bags is 
not suitable either for composting or land filling, because they are essentially 
non- biodegradable. Research is going on to find out oxo- degradable HDPE film 
for making shopping bag, counter bag or industrial sacks. The project deals with 
synthesis of catalyst or pro- oxidant to make HDPE Film degradable. The pro- 
oxidant filled HDPE film will be characterized for Fourier transform infrared 
spectroscopy (FTIR), QUV  Weatherometer, Scanning Electron Microscope (SEM). 
 

Keywords: HDPE, degradation, pro- oxidant. 
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Surfactant plays a pivotal role in the stability of reactive polyurethane 
foaming.Current focus towards synthesizing polyurethane foam from bio-
renewable resources has made vegetable oils a suitable candidate for replacing 
petroleum derived polyol. Castor oil is considered to be a prominent substitute as 
it has inherent hydroxyl groups. However, such renewable resources need 
alternative surfactant systems for ensuring the stability of foam. We have studied 
the influence of selected surfactants. Surface shear rheology was employed to 
study the in-situ development of surface viscoelasticity of non-foaming system 
and normal stress analysis were done for foaming system and both these results 
were combined together to predict various foaming transitional parameters. 
Scanning Electron Microscopy was used to study the residual parameters of cured 
foam and the upper limit of predictions were compared. It was observed that the 
foam height reduced in case of polyol based PUF, while it increased in case of 
castor oil based PUF. 
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Nowadays, Intrinsically conducting polymers(ICP), have elicited much interest 
due to its good conductivity, solubility and easy preparation. These ICP’s include 
polythiophene, polyacetylene, polyaniline and polypyrrole, etc.,[1] Among these, 
polyaniline has considerable interest because of its environmental stability, 
electrochemical, optical, electrical and redox properties and various possible 
applications like rechargeable batteries, biosensors, electrochromic devices and 
photocatalytic material[2,3].A nanocomposite of Camphor sulphonic acid doped 
polyaniline-MoO3 nanocomposite was prepared by chemical oxidative 
polymerization method. The prepared sample was characterized and evaluated 
by X-ray diffraction analysis(XRD), FTIR, HR-TEM analysis. The XRD pattern showed 
the semicrystalline nature of polyaniline and also the diffraction peaks to be in 
good agreement with the structure of MoO3. The FTIR pattern shows the various 
stretching and bending modes of Polyaniline. And also UV-Vis and FESEM 
revealed the successful formation of Polyaniline-MoO3 composite. 

 
Keywords: polyaniline, MoO3, FTIR, Uv-Vis analysis 
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The need for ecofriendly materials that can be used in potential applications like 
the sensing of harmful pollutants and can be used as a material that can be used 
directly or indirectly for the treatment of the diseases caused due to the exposure 
to harmful pollutants has motivated the search of such materials. 
Chitosan/silver/gold nanocomposite is one such material which can be used as a 
colorimetric sensor as well as for the photothermal therapy and as a drug delivery 
carrier. Chitosan/silver/gold nanocomposite was synthesized successfully using a 
simple and cost effective chemical reduction method. The XRD pattern of the 
nanocomposite shows the semicrystalline nature of chitosan and the face 
centered cubic structure of silver and gold. The HRTEM images show the 
formation of a polymer matrix nanocomposite structure with chitosan as the 
matrix and gold and silver as the filler phase. The average particle size as 
calculated from the HRTEM images is ~ 8 nm. The shifts and change in the 
intensity of the peaks corresponding to NH3

+and N-H show the binding of silver 
and gold nanoparticles to the NH2 groups of chitosan. The EDAX spectra of the 
composite confirms the presence of both silver and gold in it. The UV-Vis spectra 
shows a single peak whose intensity increases with the increase  in the weight 
percentage of gold and silver in the composite. Application of the 
nanocomposite as a colorimetric sensor was studied and its use for the successful 
detection of mercury was observed by a visible change of colour from violet to 
wine red.  
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Preparation and Characterization of 
Self-healing composites 

Failure in materials starts in the form of an internal micro/nano crack. Most of the times, 
locating such a crack is difficult and it is rather impossible to fix it. As a possible solution, we 
have successfully developed composite material that can autonomously heal itself in case of 
damage events. The concept of self-healing in materials is realized by incorporating a 
plurality of microcapsules in the composite. These microcapsules comprise of a liquid 
healing agent and an outer shell wall. Whenever a crack propagates, it ruptures the 
capsules. The healing agent then comes out into the crack due to capillary action and 
polymerizes thereby bridging the crack as shown in the adjacent diagram. 
The microcapsules were prepared using a solvent evaporation induced phase separation 
technique. The shell wall material is PMMA (polymethylmethacrylate) and the healing agent 
can be any polymer resin or amine based hardener. We chose DGEBA (Digylcidal Ether of 
Bisphenol A) as the polymer resin and TETA 
(Triethylenetetramine) as the hardener and prepared 
microcapsules of both types. For morphological, 
chemical and mechanical characterization, we have used 
capsules of average size 217 μm and 117 μm. we have 
incorporated 5 wt% and 7 wt% of microcapsules to 
prepare the self-healing composite samples (for tensile 
and bending tests). 
• FESEM images show good size and surface morphology of the microcapsules (Fig.2).  
• TGA/DTA studies indicated high thermal stability of the capsules.  
• FTIR spectroscopy confirmed proper encapsulation of the healing agent.  
• Tensile tests (ASTM D638) reveal that the tensile strength of the self-healing 

composites decreases with respected to neat resin samples (without capsules). The 
tensile strength also decreases if we increase the percentage wt. of microcapsules in the 
system.  

• 3-point bending tests (ASTM 5045) indicate that smaller the size of the microcapsules, 
higher is the fracture toughness of the self-healing composite.  

• We have achieved an average healing efficiency of 82 % for the composites by 
allowing a micro-crack to propagate though a SENB sample and then allowing it to heal 
itself.The decrease in tensile strength can be negotiated by lowering the size of the 

capsules to nano level. Healing 
efficiency can be further increased by 
using different combination of healing 
agent and base matrix. This technology 
once properly validated can be used 
in coatings, paints, adhesives, 
aerospace, biomedical, sports and 
other engineering applications. 

Fig 2: showing FESEM images of (a) DGEBA microcapsules (b) TETA microcapsules 
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We have explored the energy absorption characteristics of CuTPA.DMF (metal 
organic framework) filled epoxy composites, for potential application as a blast 
mitigating retrofitting polymer coating. CuTPA.DMF was synthesized by the 
solvothermal procedure in the presence of N,N- Dimethyl formamide (DMF). The 
porous CuTPA.DMF  was homogeneously dispersed in the epoxy resin by 
ultrasonication  (0.1-0.7%) w/w which were cured using triethylene tetraamine 
hardener to prepare MOF reinforced composites. Structural and thermal 
characteristics of the composites were evaluated and the mechanical properties 
were determined under different strain rate regime. High strain rate studies (~103 
s-1) of selected compositions were performed on a Split Hopkinson pressure bar 
and the effect of addition of  CuTPA.DMF on the energy absorption characteristics 
were established. Our studies revealed that introduction of CuTPA.DMF at low 
loadings (0.5%) lead to an increase in the toughness of the base resin but with 
increase in the extent of loading, the mechanical properties deteriorated. Neat 
epoxy samples fractured in a brittle fashion, but in the presence of CuTPA.DMF, 
the sample exhibited ductile failure, which was explained on the basis of a crack 
pinning mechanism.   
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Two-dimensional (2D) transition metal dichalcogenide offer unique opportunities 
to tailor the mechanical, thermal, electronic, and optical properties of polymer 
nanocomposites. In the present work, bulk molybdenum disulfide (MoS 2) was 
exfoliated into nanoplatelets, and subsequently dispersed in a cycloaliphatic 
epoxy resin at low loading fractions (< 1% w/w). The tensile and fracture 
properties of the nano composites  were determined which revealed that MoS2 

nanoplatelets are highly effective at enhancing the mechanical properties of the 
epoxy at very low nanofiller loading fractions (below 0.3 % w/w). The was found 
to increase from 34  MPa to  The tensile strength and GIC increased by 41 % and 50 
% respectively on introduction of 0.3 % nano filler. This was also accompanied 
with an increase in the tensile modulus (~ 40%) with no decrease in glass 

transition temperature. Our results clearly highlight 
the potential of 2D nanoplatelets as reinforcing filler 
in polymeric composites.  Post-mortem 
morphological studies of the fracture surfaces were 
performed to arrive at the principal toughening 
mechanisms behind the experimental findings. 
 

SEM micrographs of molybdenum disulfide. Inset shows the filler at high magnification 
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Due to rapid exhaustion of fossil fuel, it’s the time to think about some alternate 
sources, majorly green sources i.e. bio-based or vegetable oils. Among different bio-
based resources, vegetable oils are rather cheap, easily available & above all eco-
friendly. Various vegetable oils are available in the market such as soybean, castor, 
linseed, jatropha etc.  –OH group, which is as such absent, should be introduced first in 
soybean oil to make it polyol. PU can be synthesized from this mentioned polyol & 
finally the desired IPN is produced from the PU. Soyban oil in an epoxidized form i.e. 
ESO is commercially available. 
Polyol, synthesized from commercially available ESO [1], is confirmed by FTIR spectra 
[2] [3]. Then polyurethane is synthesized using this polyol, isophorone diisocyanate 
and DBTDL catalyst [4] & confirmed by FTIR as well [5]. The synthesized PU is 
thermoplastic in nature & easily soluble in acetone or MEK, which is further used for 
making the  PU desolve to carry out the synthesis of IPN.  
Now it’s the turn to produce IPN from the synthesized PU & examined its mechanical 
properties like tensile strength, flexural, impact, shear, pencil hardness, scratch 
resistance; optical properties like refractive index, haze, clarity, gloss; thermal 
properties like DSC, TGA, DMA, flammability; electrical properties like dielectric, 
dissipation factor, surface resistivity; morphology like SEM. 
IPN have been synthesized using that PU along with another polymer with an initiator 
& crosslinker [4]. The prepared product is transparent and flexible after curing. The 
synthesized IPN is confirmed by FTIR and SEM study. 
Prototype application of the formed IPN may be in the field of coating like paint or 
adhesive.   TOTAL PROCESS IN BRIEF 
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We have explored the potential of core-shell poly(siloxane)-epoxy microspheres 
towards improving the dynamic properties of a conventional vinyl ester resin. 
Poly(siloxane) microspheres were prepared by suspension polymerisation of vinyl 
terminated siloxane, where the particle dimensions could be tailored by varying 
the operating parameters, particularly stirring speed and feed concentration. The 
core was subsequently coated to introduce an external sheath compatible with 
the vinyl ester resin, with an aim to aid its homogeneous dispersion in the 
thermosetting resin. Toughened VE composites containing varying amounts of 
both coated and uncoated microspheres were prepared by curing under ambient 
conditions, and their mechanical properties were evaluated under both quasi-
static and dynamic loading conditions. The introduction of coated poly(siloxane) 
led to a proportional decrease in the tensile strength and modulus. Significant 
improvements in the impact strength of USP could be achieved, which 
corroborated with significant increase in mean critical stress intensity factor. 
Morphological investigations of the fractured surface revealed the presence of 
characteristic features which were used to establish the underlying routes 
responsible for the toughened nature of the VE composites.   
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In this paper, we demonstrate the successful application of interfacial 
engineering for the preparation of spherical microcapsules containing liquid 
epoxy resin in the core. The approach relies on the preferential reaction of 
polydimethylsilicone insoluble epoxy resin and amine based hardener to form a 
crosslinked spherical polymer at the interface, when used in non-stoichiometric 
amounts, leaving the excess epoxy largely unreacted within the core. Among the 
various features, tailorability is the biggest advantage of this route as both the 
core-content and particle dimensions can be altered by varying the operating 
parameters, particularly stirring speed and resin:hardener ratio. The encapsulated 
epoxy can be subsequently removed from the core by solvent extraction in 
toluene. Spherical microcapsules with a core content of 25 % could be obtained 
when the reaction was carried out at 600 rpm, while maintaining the medium at 
70 °C at resin: hardener:: 100: 2. Epoxy syntactic foams containing hollow epoxy 
microcapsules were prepared by room temperature curing of cycloaliphatic 
epoxy with triethylene tetramine. The effect of microcapsule concentration on 
the compressive behaviour of the foams was investigated.  
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A completely new aqueous biphasic system was obtained by mixing an aqueous 
solution of a tri-block copolymer poly (propylene glycol)-block-poly (ethylene 
glycol)-poly (propylene glycol) [PPG-PEG-PPG] with an aqueous solution of  an 
inorganic salt disodium tartrate. A wide range of biphasic region was found for 
various concentrations of the copolymer (30-90) w/w% and sodium tartrate 1-2 
M. The phase diagram of the two-phase system was constructed by simple 
turbidometric titration method at 298 K1. Binodal curve was obtained for the 
biphasic compositions of PPG-PEG-PPG (40 % w/v) and Na-tartrate (1.4 M) system. 
The component predominantly in the bottom phase was plotted in the abscissa 
(Na-tartrate) and the component predominantly in the top phase was plotted as 
the ordinate (PPG-PEG-PPG). The experimental binodal curves were further fitted 
by the following equation proposed by Merchuk et al : 

 
                                              Y=Aexp[(BX0.5)–(CX3)]                                     (1) 
 
The tie-lines(TL) associated with the phase diagrams were obtained by a simple 
gravimetric method. Each TL was determined by the lever-arm rule through the 
relationship between the top phase composition and the overall system 
composition and for which a system of four equations and four unknown factors 
were solved. The tie-lines were correlated using Othmer-Tobias and Bancroft 
equation. An acceptable agreement between the calculated and experimental 
tie-line data was obtained. 
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Starch is a biopolymer that is extensively accessible from agriculture/nature and 
thus is renewable and cheap. Also, starch-based materials are biodegradable, 
providing a great advantage over traditional non-biodegradable synthetic 
polymers. Though, the poor processibility and product performance of starch 
have greatly hindered the extensive application of starch in real applications. 
Currently, thermoplastic starch (TPS) has been used as an substitute for synthetic 
plastic in several commercial products. But, TPS shows some limitations  mainly 
due to its brittle and hydrophilic nature, which has to be resolved to widen its 
application.The objective of the work we report here was to initiate a chemical 
modifications on TPS and to build up a process to control its chemical structure 
using a solution process which can reduce its water sensitive properties.(1,2) The 
method involves in cleavage of starch amylose and amylopectin chain backbone 
to plasticize with glycerol and water in batch mixer and then the prepared TPS 
was reacted in solution with diisocyanates i.e, 4,4'-Methylenediphenyl 
Diisocyanate (MDI).This diisocyanate was used before with great success for the 
chemical modification of TPS surface. The method utilized here will form an 
urethane linkages between reactive isocyanate groups (–NCO) and hydroxyl 
groups (-OH) of starch aswell as of glycerol. Finally, new polymer synthesised 
shows a reduced crystallinity, less hydrophilic and enhanced compatibility with 
other polymers. The TPS was prepared by Haake Rheomix 600 batch mixer with 
roller rotors operating at 50 rpm. The produced material is then refluxed for 5hrs 
with MDI in toluene with constant stirring. These materials produced are 
characterized by Fourier Transform Infrared Spectra (FTIR), DSC, X-Ray diffraction 
and mechanical tests.  
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Different healing agents (cycloaliphatic epoxy and unsaturated polyester (UPR)) 
were encapsulated in poly(urea-formaldehyde) (PUF) shell by emulsion 
polymerisation route1. Morphological investigations reveal the rough texture of 
spherical microcapsules, which was attributed to the presence of protruding 
polymer nanoparticles on the surface. The core content of the microcapsules 
both for epoxy and UPR, as evaluated by solvent extraction technique2 was found 
to be 55-65%, irrespective of the healing agents being encapsulated. The curing 
kinetics of self-healing epoxy compositions was also investigated by non-
isothermal differential scanning calorimetric (DSC) studies. The studies 
highlighted the autocatalytic nature of epoxy curing, which remained unaltered 
due to introduction of the above-mentioned fillers. The kinetic parameters were 
determined using both Friedman and Kissinger–Akahira–Sunose (KAS) method, 
which were used to predict the curing behaviour of compositions at higher 
heating rates using KAS method. Epoxy composites containing microcapsules (5-
20% w/w) and appropriate curing agent were prepared and their mechanical 
properties were studied under both quasi-static and dynamic loadings. The 
tensile and impact properties were adversely affected due to incorporation of the 
microcapsules, while substantial improvement in the fracture toughness of the 
base matrix was observed. The self-healing efficiencies were quantified in terms 
of the ratio of impact strengths of healed and virgin specimens. The healing 
efficiency increased with increasing amount of microcapsule in the formulation 
and reached maxima (103 ± 5 %) at 20 % (w/w) loading. 
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Bioresorbable composite has gained tremendous interest in the field of 
biomaterial research. Ionizing radiation offers unique advantages for the 
modification of polymers for biomedical applications [1-2]. In the present study, 
bioactive and biocompatible natural polymers chitosan and gelatin (G) were used 
to prepare bioabsorable composite film through solution casting process 
followed by UV irradiation with different dose strength. 2-hydroxyethyl 
methacrylate (HEMA) was used as a cross-linking monomer onto chitosan 
polymer and phosphate glass (PG) as an inorganic reinforcement filler into gelatin 
polymer. Four different formulations (namely F1, F2, F3 and F4) were developed 
varying the concentration of HEMA and solvent methanol (MeOH) along with 
fixed quantity of photoinitiator to treat the chitosan film. On the other hand, 
gelatin based composite films were prepared varying mass ratio of G, PG and 
HEMA. Incorporation of PG and HEMA improved the mechanical properties of the 
gelatin based composite film.  At the same time, the investigated chitosan film 
was prepared in 2% acetic acid solution and the film was soaked into four 
formulations for various time spans to investigate the effect of monomer 
concentration and soaking time on the performance of chitosan composite film. 
UV radiation was employed to induce cross-linking and photo-grafting. The 
evidence of cross-linking was provided by Fourier Transform Infrared 
Spectroscopy. The results regarding monomer concentration as well as UV dose 
strength on the yield of cross-linking were presented in terms of polymer loading, 
mechanical performance, water absorbance and thermal stability. The prepared 
composite films would have a potential use in biomedical application. 
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Polyacryloyl hydrazide (PAH) was used for the synthesis of ion exchange epoxy 
resins and polymer-dye conjugates. PAH was cured with Bisphenol A diglycidyl at 
65 °C to prepare defect free and transparent epoxy resins. Epoxy resins displayed 
superior mechanical properties (tensile strength = 1–42 MPa, ultimate elongation 
= 2–72%) compared to the commercially available epoxy resins. Intersetingly, the 
resins exhibited a glass transition temperature around 67  C suggesting the shape 
of the resins may be modified above this temperature. However, overall 
reshaping may not be possible due to the presence of inherent chemical cross-
links in the samples. PAH was conjugated with a suitable azo dye at room 
temperature to synthesize pH sensors for aquous solutions. The sensing was 
visible to necked eye through distinct color change. Acidic pH up to 4.5 and basic 
pH up to 9.9 could be effectively sensed using the above material. 

Key Words: Polyacryloyl hydrazide, Epoxy resins, Bisphenol A diglycidyl. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference:  
1. Kumar, A.; Ujjwal, R. R.; Mittal, A.; Bansal, A.; Ojha, U. ACS Appl. Mater. Interfaces 2014, 6, 1855-1865. 



285 

   

Preparation and characterization of novel 
nanostructured polyamide 6/fluoroelastomer 

thermoplastic vulcanizates  

Shib Shankar Banerjee1 and Anil K. Bhowmick2* 

1Department  of  Materials  Science  and  Engineering,  School  of  Engineering  and  
Technology, Indian  Institute  of  Technology  Patna,  India 

2Rubber Technology Centre, Indian Institute of Technology Kharagpur, India. 
*anilkb@rtc.iitkgp.ernet.in  

 
 

Present work reports the development of novel nanostructured polyamide 6 
(PA6)/fluoroelastomer (FKM) thermoplastic vulcanizates (TPVs) using batch 
mixing followed by micro-injection molding. Evolution of structure and physical 
properties at different stages of mixing and dynamic vulcanization were 
captured. Size of the dispersed FKM phase in continuous PA6 matrix decreased 
from ~ 450 to ~ 130 nm with increasing degree of cure and mixing time. In 
addition, tensile strength and Young’s modulus increased (60 % and 65 % 
respectively) with increasing mixing time (1 min and 4 min). The role of injection 
molding in transforming the morphology and hence properties of these 
vulcanizates drastically was investigated for the first time. Nanometer-sized FKM 
particles (60-80 nm) were developed in TPVs after injection molding, which were 
clearly reflected from scanning electron microscopy and atomic force microscopy 
and also theoretically supported from the visco-elastic drop break up mechanism. 
Significant improvement of tensile properties of PA6/FKM blends was observed 
after injection molding and during dynamic vulcanization. For example, tensile 
strength and Young’s modulus of a TPV were ~ 26 MPa and ~ 95 MPa respectively 
before injection molding, which increased to ~ 34 MPa and ~ 200 MPa after 
injection molding.   
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Development of biodegradable and biocompatible polymeric materials up to the 
level to compete synthetic polymers is still a challenge for the scientific 
community throughout the globe. As a small contribution to this we introduce a 
new green source “Tea” to synthesize carbon dots (CDs) and its successful 
application in shaping interesting properties of various biopolymers, particularly 
chitosan and alginate. We prepared chitosan-CDs nanocomposite hydrogel film 
with varying percentage of tea CDs. The electrostatic interaction of positive 
charge on chitosan and negative charge on tea CDs was used for the successful 
preparation of a stable and robust chitosan-CDs nanocomposite hydrogel film. 
Interestingly, it was observed that chitosan–CDs hydrogel films are soft but tough 
with superior UV–visible blocking, swelling, thermal and mechanical properties in 
comparison to chitosan hydrogel film. Moreover chitosan-CDs films are more 
water repellent (hydrophobic) as indicated by their high contact angle values. 
Similarly, we have also studied the incorporation of tea CDs with alginate 
hydrogel film cross linked by different cations. The tea CDs also helped in 
improving properties like UV blocking, surface properties etc. of the alginate 
hydrogel film.Thus, tea CDs can be used as an effective green source for 
fabrication of such green soft but tough biocompatible biopolymer 
nanocomposite hydrogel films. These hydrogel films also offer tremendous 
biomedical and industrial applications due to their interesting and important 
properties. 
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Highly dispersed isotactic polypropylene (iPP) nanocomposites were prepared by 
incorporating two different sized Mg-Al LDH nanoparticles with different loadings 
from 1 to 10 wt% using a modified solvent mixing method. Larger sized LDH 
nanoparticles (2-3 µm) were prepared from the gel form of Mg-Al LDH and the 
smaller sized nanoparticles (200-300 nm) were prepared by sonication of as-
synthesized LDH particles. Such obtained LDH nanoparticles were carefully 
characterized using Wide-angle X-ray diffraction (WAXD), transmission electron 
microscopy and scanning electron microscopy. WAXD and atomic force 
microscopy results indicate that the LDH nanoparticles were highly dispersed in 
iPP matrix. The influence of LDH particles size and concentration on the thermal 
stability, spherulitic morphology, melting behavior, isothermal crystallization 
kinetics and lamellar structure of iPP were investigated.  Incorporation of low 
loadings of sonicated LDH particles (e.g. 1-2.5 wt%) show substantial effect on 
thermal stability, spherulite size, crystallinity and crystallization half-time and 
lamellar morphology of iPP compared to the pure iPP and that of 
nanocomposites with larger LDH particles with same concentration. The better 
nucleation ability of iPP in presence of sonicated LDH can be attributed to the 
high surface area LDH nanoparticles along with its better dispensability within 

the polymer matrix. Another important finding 
of this work is that the incorporation of LDH 
nanoparticles doesn’t change the 
crystallization growth mechanism and crystal 
structure of iPP. 
 

Figure 1.Schematic illustration of the polymer nanocomposites preparation based on 
isotactic polypropylene and LDH 
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The ever increasing demand for the miniaturization of electronic devices urge the 
researchers to concentrate on novel ultralow dielectric constant materials as 
interlayer dielectrics in the place of conventional silica. These ultra low dielectric 
constant materials can decrease the Resistance-Capacitance time delay, power 
consumption and signal cross talk1.Polymer composites are good alternatives in 
place of silica since it is possible to tune the dielectric properties of the polymer 
composites by the judicious selection of fillers. In the present investigation we 
have synthesized syndiotactic polystyrene (sPS)-POSS composites via the solution 
blending in xylene followed by hot pressing. SPS is of great academic and 
industrial importance because of its crystallization behavior and the related 
changes in physical properties2. POSS, on the other hand, is an organic inorganic 
hybrid with inorganic core and organic functional groups attached on the 
periphery3. POSS maintains intrinsically low dielectric constant due to their 
microporosity of the cube cage structure.Here we used vinyl and aminopropyl 

functionalized POSS, in order to tap the 
advantage of their increased hydrophobicity. 
The dielectric characteristics of sPS-POSS 
composite with 6 vol % of filler, is very 
promising with a very low dielectric constant 
of 2.03 at 1 MHz. The composites were further 
characterized by WAXD , SEM, DSC, TGA etc. 

 
Figure: Variation of relative permittivity and dielectric loss with respect to filler volume 
fraction at 1 MHz 
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Poly (o-anisidine)-Hollow glass microsphere (POA-HGM) conducting composite 
was prepared by in situ polymerization of o-anisidine with ammonium 
persulphate as initiator by the addition of HGM. The synthesized materials were 
characterized by Fourier transform infrared spectroscopy (FTIR), ultraviolet-visible 
absorption (UV-visible), X-ray diffraction (XRD), scanning electron microscopy 
(SEM), and electrical conductivity measurements. FTIR spectroscopy determines 
the interaction between the POA and HGM. The crystalline nature of POA-HGM 
was determined by XRD. The band gaps of POA & POA-HGM measured by UV-
visible spectroscopy. Morphological study shows the improvement in the HGM 
structure. POA-HGM nanocomposites thus synthesized were incorporated into 
epoxy based composite formulation and its electrical property was studied. The 
aim of this study was to develop a facile method for the synthesis of eco-friendly 
composite material having superior electrical properties. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: Poly (o-anisidine), Hollow glass microsphere, Composite, Conductivity. 
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Two types of composite imprinted membranes, i.e., Composite membrane 
comprised of D-Phe imprinted beads and D-Phe imprinted membrane or 
CMDIBDIM and composite membrane comprised of L-Phe imprinted beads and L-
Phe imprinted membranes or CMLIBLIM, were synthesized by phase inversion 
technique after a uniform dispersion of beads within the polymeric solutions 
using simple physico-mechanical process. The incorporated P (MAA-co-EGDMA) 
beads and the P (AN-co-AA) solutions were prepared by suspension 
polymerization and in situ polymerization method respectively. The assemblies of 
the prepared CMDIBDIM, CMLIBLIM and control membranes were employed in 
ultrafiltration for chiral separation of D, L-Phenylalanine racemate solution. 
CMDIBDIM and CMLIBLIM showed higher values of water holding capacity, 
percent swelling ratio, adsorption capacity, and adsorption selectivity. However, 
the percent rejection of template and counter enantiomer were lower than that 
of control membranes. Compared to control membrane, the CMDIBDIM and 
CMLIBLIM showed inverse permselectivity. These composite membranes having 
better adsorption and separation ability for the Phenylalanine racemate solution 
will be suitable in the future for various other applications such as drug delivery 
systems, sensors, scaffolds etc. 
 

 

 

 

 

Keywords: Molecularly imprinted composite membranes; Phe imprinted beads; Phe 
imprinted membranes; ultrafiltration, adsorption selectivity 
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The present work demonstrates a robust method for the generation of Shape 
recoverable polyurethane-urea films using a graphitic carbon-silica nanoparticle. 
For the present work, carbon nanoparticles (GNP) were prepared from a natural 
source via thermal vapour deposition techniques. The silica nanoparticles were 
then covalently anchored onto the GNP surface. The formations of carbon-silica 
nanohybrid (CSH) structures were established through the electron microscopy 
images and other spectroscopic techniques. The CSH were dispersed in different 
weight percentages into a polyether polyols and then reacted with diisocyante to 
form polyurethane nanocomposite. The presence of unreacted amino groups in 
the CSH is helpful in urea linkage formation, which leads to uniform dispersion in 
the polymer matrix. The prepared polyurethane composite posses exceptional 
physico-chemical properties owing to the presence of nanoparticulates. 
Interestingly, the resulting composite showed excellent shape recovery behavior. 
The shape recovery behaviors of the obtained films were observed when a 

temperature of 60oC was applied. The 
recovery of shape is found to increase 
with increase in CSH content. It is found 
to correlate with the increase in the 
nanomaterial content. The study 
presents an in-depth understanding of 
polymer behavior in presence of 
nanomaterials. 

Figure:  Scanning electron microscope image (left) of Carbon-silica inorganic hybrid and 
CSH based polyurethane-urea film (right) 
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This research work aims to study the effect of natural rubber (NR) on the 
mechanical, thermal and morphological properties of the biocomposite based on 
polylactic acid (PLA) and banana fiber (BF). NR toughened PLA/BF biocomposite 
with tuneable properties was successfully prepared by melt mixing followed by 
injection molding. The mechanical, dynamic mechanical and thermal properties 
have been studied to observe the effect of the natural rubber on PLA/banana 
fiber biocomposites. It was found that at 10 weight % NR loading in the blend 
improves the toughness and favours the crystallisation ability of PLA. A 
composite with 10 wt% of NR possessed the highest mechanical properties for 
both tensile and impact properties. The scanning electron micrograph (SEM) 
demonstrated the discrete rubbery phases between the PLA and the rubber 
particles. The glass transition temperature shifted to a lower temperature in the 
dynamic mechanical analysis (DMA) for the rubber-toughened PLA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key words: Poly(lactic acid), Natural rubber, banana fiber, blend, hybrid bio composites, 
crystallisation ability. 
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High performance tough epoxy thermosets with excellent adhesive strength is 
one of the most in demand materials for advanced engineering applications. In 
the present investigation, a hyperbranched epoxy resin was synthesized by a 
single step controlled polycondensation reaction using an A2 + B3 approach. This 
hyperbranched epoxy was low viscous and hence easily applicable for various 
purposes. And then, a tough and highly flexible hyperbranched epoxy and 
poly(amido-amine) modified Na-MMT based thermosetting nanocomposite was 
prepared. The FTIR, XRD and TGA confirmed the successful modification of the 
montmorillonite nanoclay. The morphology of epoxy/clay nanocomposites were 
determined by X-ray diffraction (XRD). The poly(amido-amine) cured 
hyperbranched epoxy nanocomposite thermosets exhibited high thermostability 
(up to 285.206 °C, 287.545 °C and 287.787 °C), tensile stress (110.24 MPa, 120.30 
MPa and 142.98 MPa), tensile strain at break (17.30 %, 34.66 % and 25.13%), 
extension at break (4.32, 8.66 and 6.28 mm), exceptionally high max load capacity 
(330.74 N, 360.92 N and 428.97 N). Thus, the studied epoxy nanocomposite has 
great potential to be used as an advanced epoxy thermoset. It was also found 
that the nanocomposite thermosets have got best properties in alkali and alcohol 
resistance, and water resistance. The acid resistance was also studied. 
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High performance composites were fabricated using the PEEK as matrix and PbO, 
PbO2, Pb3O4 and PbZrO3 as fillers by extrusion technique in a twin screw extruder. 
Specimens for the mechanical testing were prepared by the injection molding 
method. The composites were evaluated for mechanical properties (tensile 
strength, tensile modulus, elongation at break, izod impact strength) and thermal 
properties by differential scanning calorimetry (DSC) & thermogravimetric 
analysis (TGA). Scanning electron microscopy (SEM) has been employed to study 
the phase structure. Gamma radiation attenuation test of the composites was 
carried out using 99mTc as source energy. The HVL (half value layer) of the tested 
composites was found in the range 0.6 to 1.1 cm and TVL (tenth value layer) was 
found in the range 1.9 to 3.6 cm. The HVL and TVL of the neat PEEK were found 
3.2 cm and 10.7 cm respectively.  
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We have prepared fluorescent graphene oxide (GO) using nontoxic polymers like 
methyl cellulose (MC) and poly(vinyl)alcohol (PVA). The non-covalent 
functionalization is proved by several spectroscopic techniques. Both GO-MC and 
GO-PVA hybrid exhibit enhanced fluorescence property than GO at pH 4. GO-MC 
hybrid is utilized for the sensing of nitro-explosives whereas GO-PVA hybrid is 
employed to selectively sense toxic Au3+ ions. In another study we have 
fabricated functionalized graphene namely, sulfonated graphene (SG) which also 
shows improved fluorescence property than GO at pH 4. Due to the strong 
overlap between the emission spectrum of SG and absorption spectrum of 
riboflavin (RF, vitamin B2) at pH 4, it has been tactfully used as donor for the FRET 
process to selectively detect vitamin B2. Functionalized graphene based drug 
delivery vehicle have conquered a significant position since functionalization 
improves biocompatibility and stability in cell medium, leaving sufficient 
graphitic basal plane for drug loading through π -π stacking. In this study Poly(N-
isopropylacrylamide) (PNIPAM) is covalently grafted from the surface of GO. 
PNIPAM grafted GO (GPNM) exhibits improved dispersibility in aqueous as well as 
cell medium, better bio-compatibility and cell viability (evaluated using MTT 
assay) compared to GO. Interestingly, GPNM displays exciting temperature 
dependent fluorescence property in aqueous medium. Moreover both 
hydrophilic (DOX) and hydrophobic (indomethacin) drugs are loaded on the 
surface of GPNM hybrid showing its efficacy as an efficient carrier of both types of 
drugs. Cellular uptake of free DOX and DOX loaded GPNM has been evidenced 
from fluorescence imaging. The release of DOX is achieved at pH 4, relevant to 
the environment of cancer cells. The pH triggered release of indomethacin is 
studied using UV-vis spectroscopy via alginate encapsulation. 
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Development of low cost reinforcing  fillers based on china clay(kaolin) – a 
renewable natural resource as at least a partial substitution for carbon black/ 
precipitated silica being used in the rubber industry.  Rubber Seed Oil, a low cost 
industrial by product and its derivatives being used as organo-modifier for kaolin 
to impart excellent compatibility with non-polar rubbers. The use of organically 
enhanced kaolin at very low dosage(< 10phr) as reinforcing filler for natural 
rubber(NR) system and blends of natural rubber(NR)  with nitrile rubber(NBR) and 
poly butadiene rubber(BR) were investigated. It is reported that organo-
modification leads to an increase in layer spacing of silicates due to the 
interalation of organomodifier betweeen the silicate layer, which could eventually 
leads to exceptional improvements in properties. Results obtained from a Moving 
Die Rheometer at 150°C showed considerable reduction in optimum cure 
time(t90) along with a higher state of cure for NR/BR blends and NR/NBR blends 
containing 4 phr of the SRSO modified kaolin as against that containing the same 
dosage of unmodified kaolin, which is shown in the figure given below.The 
mechanical properties of rubber materials could improve by crosslinking.  A study 
done on the series of NR-BR blend system showed a Cross link density hike at 1:1 
composition. The ever-increasing demand for high performance polymers has 
shifted the focus of recent studies, from the development of new homopolymers 
to the development of new blends. 
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Polymer-Carbon nanotube hybrids are amongst the most ideal architectures 
engineered, which brings to light many potential features useful for a wide range 
of applications like coatings with high corrosion resistance, thermo-mechanical 
stability, bacterial resistance, hydrophobicity and other applications like polymer 
based medical devices, cardio-vascular stents, actuators etc. The present work 
demonstrates development of novel polyurethane hybrid structures based on 
carbon nanotubes as a robust way of providing muti-functionality to the material. 
For the development of well dispersed nanocomposite, the solubility of carbon 
nanotube is a major concern. In order to overcome the problem of solubility, the 
carbon nanotube surface was modified with a hyperbranched polyether-polyol 
through a copper catalyzed azide- alkyne 1,3 dipolar cycloaddition reaction. This 
was followed by successful incorporation of these surface modified carbon 
nanotubes in various percentages (0, 0.5, 1 and 2 wt% with respect to polyol) into 
a polyurethane matrix. It is observed with 2 wt% loading of carbon nanotubes, 
the tensile strength of the polyurethane hybrid composite improved from 1.25 N 
mm−2 to 6.25 N mm−2; the water contact angle improved from 54° to 108° and also 
the rate of corrosion reduced from 0.047 mm per year to 0.0019 mm per 
year. Thermal stability, mechanical strength, corrosion resistance and 

antimicrobial activity of the polyurethane hybrids 
improved considerably with the increase of carbon 
nanotube loading. The shape recovery behavior of 
the polyurethane hybrids drastically improved with 
CNT loading (Figure) which is attributed to the 
CNT’s capacity of storing internal elastic strain 
energy during elongation of polyurethane film. 

Figure:  Testing of Shape recovery property for PUCNT film (a) manually and by using  (b) 
Universal Testing Machine (UTM) 
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Polyvinylidene fluoride (PVDF) is widely used for the preparation of ultrafiltration 
membranes due to its film forming property, good chemical resistance, better 
thermal, mechanical properties and ease of sterilization [1, 2]. However, one short 
coming with the PVDF membrane is the severe fouling and low permeate flux 
owing to its hydrophobic nature [2-4]. Therefore, it is highly desirable to enhance 
both antifouling property and permeate flux of the membrane. In this regards, 
two types of copolymers such as agarose grafted by poly(methyl methacrylate) 
(Agr-g-PMMA) and a triblock copolymer of PMMA and poly2-(dimethyl 
amino)ethyl methacrylate (PDMA-b-PMMA-b-PDMA) were synthesized by atom 
transfer radical polymerization and used as additives for the preparation of PVDF 
blend ultrafiltration membranes. The PMMA content in the copolymers was ca. 
70%. The PVDF to copolymers blend ratio was 74:26 (w/w).The PVDF/copolymers 
blend membranes were prepared by standard phase inversion process. The blend 
membranes (PVDF/Agr-g-PMMA and PVDF/PDMA-b-PMMA-b-PDMA) exhibited 
higher permeateflux and much enhanced antifouling property compared to neat 
PVDF membrane during ultrafiltration of bovine serum albumin (BSA).The 
enhanced permeate flux of the blend membranes is attributed to the higher 
porosity and pore density of the blend membranes compered to neat PVDF 
membranes as confirmed from porosity data and SEM analysis. In addition to 
enhancedpermeate flux and antifouling behaviour, PVDF/PDMA-b-PMMA-b-
PDMA membrane also exhibited pH responsive permeate flux and rejection of 
both polyethylene glycol and BSA. The permeate flux enhances and rejections of 
both BSA and PEG decrease with increasing feed pH during ultrafiltration. This 
phenomenon is attributed to the swelling of PDMA-b-PMMA-b-PDMA due to 
enhanced protonation of DMA units at lower pH [5]. This effect lowers the pore 
size by pore swelling or partially blocking the pores by the copolymers at lower 
pH. 
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In recent times, biodegradable materials have gained importance particularly for 
the protection of the environment from ever increasing plastic waste. A number 
of biological materials may be incorporated into biodegradable polymer. The 
main characteristic of biodegradable polymers is that they are biodegradable 
through the action of the microorganism in appropriate environmental 
conditions. When in contact with the biodegradable polymer, the 
microorganisms produce enzymes that break the material in progressively 
smaller segments reduces its average molecular mass, favoring its degradation in 
the environment. Incorporation of starch into a polyolefin matrix was proposed 
by Griffin as an effective means of accelerating the deterioration of plastics under 
biotic environmental exposure conditions. In this study, poly propylene 
(PP)/potato starch (PS) blend films were prepared using the two roll mill machine. 
The biodegradability of the films was investigated by soil burial method over a 
period of 4 months. The percentage weight loss of the bio-composites in the 
compost soil burial test was increasing with increasing PS content. The 
biodegradability of the bio-composites was enhanced with increasing starch 
content because the PS is easily attacked by microorganisms. Any changes in the 
various properties of the PP/PS before and after degradation were monitored 
using weight loss, FTIR spectroscopy, a scanning electron microscope (SEM) for 
surface morphology, a thermo gravimetric analyzer (TGA) for rapid determination 
of starch content and a differential scanning calorimeter (DSC) for crystallinity. We 
concluded from the results that use of these bio-composites will reduce the 
environmental problems associated with waste pollution and the study findings 
support the predicted application of bio-composites as green-composites or eco-
materials. 
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Carbon nanofibers (CNFs) offer potential applications as heat-management 
materials, for reinforcement, high-temperature catalysis, membrane-based 
separation, and as components for nanoelectronics and photonics. 
Electrospinning is one of the most effective techniques used for producing 
carbon nanofibres from polyacrylonitrile (PAN). However, CNFs produced from 
electrospinning lack optimized molecular orientation in the fibers. Application of 
tension during thermal treatment particularly during stabilization is crucial for 
production of mechanically strong CNFs. Owning to their small dimensions, the 
application of tension by stretching of electrospun nanofibers is difficult, and 
hence alternate approaches need to be investigated to improve the molecular 
structure and orientation of CNFs. 
The present study aims at incorporating anisotropic ZnO nanostructures in 

electrospun PAN nanofibers to improve the 
mechanical properties of the resultant CNFs. The 
effect of ZnO incorporation on carbonization 
behavior and hence graphitic domain size of 
obtained CNFs were evaluated using Scanning 
Electron Microscope and Raman spectroscopy, 
and were found to have profound effect on IG/ID 
value of CNFs. 

Figure: PAN nanofibers reinforced with ZnO nanorods 
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Nanocomposites based on polymer blends are one of the key areas of research 
now,due to their wide range applicability .They replaced conventional materials 
in many applications.Rubber also called Elastomer is one of the most important 
commercial polymers which exhibits unique physical and chemical 
properties.Clayswere organomodified by cation exchange reaction since 
interlayer space is available in layered silicates. It is modified using quaternary 
ammonium salts from Rubber seed oil considering its uniqueness with respect to 
long chain hydrocarbon.Many of the organomodifiers are expensive due to the 
depleting nature of their petrochemical source so far reports on the use of 
derivatives of fatty acid based on low cost,renewable natural resources as 
organomodifiers for silicate fillers have not been made. 
NR/clay composites were prepared using quatenary ammonium salt as an 
organomodifier through melt compounding in a conventional two roll mill.A 
comparision of rubber blend vulcanizates with modified kaolin and Bentonite 
were studied.The morphological and mechanical properties were studied in 
ordrer to explain the effect of nanoclay.The morphology of the nanocomposites 
was studied by scanning electron microscopy(SEM),Transmission electron 
microscopy(TEM) and X-ray scattering.This revealed that the organic modification 
influenced silicate layers.Analysis of tensile properties,DMA and cross-link density 
showed its dependence on organically modified clay localization and blend 
composition.Composite with 5 wt% organomodified kaolin showed 
improvement in tensile strength and elongation at break.The low heat build -up 
characteristics of the organomodified clays may aid in the design and 
development of cooler running tyres.Thusorganomodification of layered silicates 
using Rubber Seed Oil will leads to commercially viable production of reinforcing 
nanofillers for rubber industry. 
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When cast as a thin film, a blend of two immiscible polymers phase segregates 
spontaneously due to surface and interfacial properties. Spin cast films of these 
blends show a variety of random structures depending on the composition of the 
two polymers, the film thickness as well as the nature of the substrate. These 
surfaces can be potentially leveraged in a wide variety of applications as a 
template in the fields of tissue engineering, plasmonic solar cells etc.  
In this work, poly(styrene) (PS)- poly(methylmethaacrylate) (PMMA) blend thin 
films of various concentrations and compositions are spin coated on flat as well as 
on different topographically patterned crosslinked poly(dimethylsiloxane) (PDMS) 
substrates and the phase segregated morphology in both the cases are 
compared. It was found that for any particular composition, below a certain 
critical blend concentration (Cn*), the phase segregation remains no more 
random and a specific perfect ordering of the two phases is observed due to the 
effect of physical confinement. Further, irrespective of the concentration, the 

presence of patterns results in a certain 
reduction in the domain size for each of 
polymer component. This alignment 
enhances the applicability of these 
surfaces as a template. 

 
Figure 1: AFM scan of 2% 1:1, PS:PMMA film on (A) Flat PDMS and (B) Grating patterned 
PDMS substrates. 
 
 
 
 
 
 
 
 
 
 
 
References: 
[1] S. Y. Heriot and R. A. L. Jones, Nature Materials, 4, 782, 2005.  
[2] M. Boltau, S. Walheim, J. Mlynek, G. Krausch and U. Steiner, Nature, 391, 877, 1998. 
[3] B. D. Ermi, G. Nisato, J. F. Douglas, J. A. Rogers, and A. Karim, Phys. Rev. Lett., 81, 3900, 1998. 
[4] 13. X-C Chen H-M Li , F. Fang , Y-W Wu , Mu Wang, G-B Ma ,Y-Q Ma, D-J Shu, and R-W Peng, Adv. 

Mater, 24, 2637, 2012.  



303 

   

New Approach of Employing Polymeric Ionic Liquid (PIL) 
for Enhancing Electrochemical Performance of 

Membranes for PEMFC 

Anita S. Rewar, K. Sreekumar and Ulhas K. Kharul* 
Polymer Science and Engineering Division, 

 National Chemical Laboratory, Pune-411008, India 
*uk.kharul@ncl.res.in 

 
Acid doped PBI membranes are being widely demonstrated for high temperature 
proton exchange membrane based fuel cell (HT-PEMFC) with advanced features 
such as high operating temperature, no water management, high CO tolerance, 
high thermal stability and good mechanical strength. Unfortunately, they possess 
lower conductivity [1,2]. To address this issue, ionic liquids have drawn significant 
interests because of their unique and attractive features, such as high ionic 
conductivity and wide electrochemical window, high thermo-chemical stability, 
lower flammability and negligible vapor pressure [3]. Although the use of ionic 
liquids (IL) in polymeric membranes is known to elevate the electrochemical 
performance of PEMFC, they suffer from drawbacks such as IL drain and lowering 
in mechanical properties that lead to deterioration in performance [4]. To 
mitigate these issues, we followed an altogether different path of blending 
polymeric ionic liquid (PIL), namely poly(diallyl dimethyl ammonium trifluoride 
methane sulphonate) (P[DADMA][TFMS]) with polybenzimidazole (PBI-I) and 
evaluated as membrane material for PEMFC. Physical property evaluation 
revealed that both, PBI-I and (P[DADMA][TFMS]) form miscible blends and are 

suitable for acid doping as a matrix. 
Owing to the presence of ionic liquid 
character in PIL, an increase in proton 
conduction was observed, conveying the 
success of proposed approach of 
blending PILs with PBI. Single cell 
evaluations further ascertained the 
benefits of this approach.  

Possible mechanism of proton transfer in PIL/PBI blend membranes 
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Graphene oxide (GO) functionalized with imidazolium ionic liquid (IL) by 
amidation reaction, is characterized by FTIR, Raman, X-ray photoelectron 
spectroscopy and transmission electron (TEM) and atomic force microscopy. The 
PVDF/GO-IL nanocomposite (PGL) films are flexible, hard, black colored where 
GO-IL is homogenously dispersed showing a fibrous network morphology. TEM 
image indicates dendritic morphology at 3% (w/w) GO-IL concentration. FTIR 
spectra indicate the formation of piezoelectric β -crystals of PVDF. WAXS study 
also substantiates 100% β -PVDF formation at this composition. The PGL 
composites exhibit a gradual increase of melting and crystallization temperature 
than PVDF due to higher melting β - PVDF formation and easier nucleation at GO-
IL surface, respectively. The glass transition (Tg) and other crystalline relaxation 
temperatures increase with increase of GO-IL concentration due to nano-
confinement. The maximum increase of storage modulus (73%), Young’s modulus 
(333%) and tensile strength (628%) occur for 3% (w/w) filler concentration. An 
analysis of Young’s modulus by Halpin-Tsai equation suggests that at low GO-IL 
concentration GO-sheets are randomly distributed but at higher concentration 

they are unidirectional oriented. A sharp 
increase of dc-conductivity of the PGL 
composite to ~10-2 S/cm with a percolation 
threshold of 0.1% (w/w) is observed in the 
composites. The dielectric permittivity 
increases from 7.5 for PVDF showing to a 
value of 13.5 for 3% concentration. 
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In situPEGylation of conventional thin film composite membranes viz. 
conventional m-phenylenediamine (MPD)/trimesoyl chloride (TMC)-based reverse 
osmosis (RO) and piperazine (PIP)/TMC-basednanofiltration (NF)membraneswas 
performed to improvethe fouling resistance properties. Successful PEGylationof 
membranes was achievedby Michael addition reaction between excess MPD or 
PIP with acrylate terminated polyethylene glycol (AA-PEG-AA or MeO-PEG-
AA)followed by interfacial polymerization with TMC on top of polysulfone 
support membrane. The formed adduct MPD-terminated PEG was best suited for 
PEGylation of RO membrane whereas the PIP-terminated PEG was best suited for 
the PEGylation of NF membrane [1,2]. The PEGylated membranes exhibited much 
enhanced antifouling property during desalination of protein contaminated 
water and similar salt rejection (R) compared to conventional non-PEGylated 
membranes. Figure 1 shows flux reduction (FR) vs. time plots for non-PEGylated 
conventional NF (NF-0), non-PEGylatedconventional RO (RO-0), PEGylated RO 

(RO-PEG) and PEGylated NF (NF-PEG) 
membranes. The PEGylated membranes 
exhibited low FR (10-12%) and much higher 
flux recovery ratio (FRR, 94-98%) compared to 
that of conventional membranes (FR=40-45% 
and FRR=70-71%). The salt rejection efficiency 
and the permeate flux of the membranes 
remained unaffected after PEGylation. 

Figure 1. Antifouling property of PEGylated and non-PEGylated membranes  
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Incorporation of nanoparticles of different dimensions into polymer matrix has 
attracted significant importance in the field of materials chemistry and 
technology.[1]Two of the most commonly used technique for synthesis of 
polymer nanocompositeare the “grafting to” and the “grafting from” 
methodologies.[2] Despite the simplicity involved in the “grafting to” technique, 
the popularity achieved is less due to the following problems (i) tethering of high 
molecular weight polymer is hard to be accomplished, (ii) low grafting density is 
realized.[3] In this present work, a facile synthesis route that partially addresses 
the drawbacks commonly associated with the “grafting to” technique is reported. 
Poly(ε-caprolactone) (PCL) and isocyanate modified graphitic platelets were used 
as the model system.Detailed structural data by techniques like small angle 
neutron and X-ray scattering indicated thatcorrelation length value for PCL was 
10.2 A, which was increased to 23.8 A for the grafted samples.Neutroncontrast 
variation experiments revealed that the graphitic platelets were preferentially 
located between the lamella of crystalline PCL. Further,at the low q region, ultra-
small angle neutronscattering measurementsdemonstrated q-2 dependence of 
the lamellar model and the q-3 dependence of the polymer model for the grafted 
samples. The resultant gaveapparently q-2.67 dependence from the linear fit of the 
data. A thickness of ~20nm for the polymer tethered to the graphene sheets was 
observed. Further, tethering of graphitic platelets also induced structural 
confinement of the polymer chains. Based on the isothermal crystallization 
studies and Avrami fitting,it was revealed that the two dimensional graphitic 
platelets served as a template for the growth of PCL chains. 
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The thermal decomposition behavior of non-woven/fabric hybrid reinforced 
unsaturated polyester blends composite have been studied by differential 
scanning calorimetric (DSC), thermogravimetric (TG) and differential 
thermogravimetric (TGA) techniques using non-isothermal experiments and the 
decomposition kinetic reaction model was developed. The composite boards 
were produced by compressing moulding reinforcement of unsaturated 
polyester blend resins from soy flour (SF) and alkyd resin based onRicinodendron 
heudelotii(R.h) oil with 0%, 5% and 10% (by volume) of R.h  oil based alkyd resin.  
The thermal analysis was performed at four different heating rate, i.e., at 20,15, 10 
and 3 °C min-1 in nitrogen atmosphere. The apparent activation energy (Ea) was 
determined using three isoconversional methods of Kissinger, Flynn-Wall-Ozawa 
and modified Coats-Redfern. Malek’s kinetic algorithm procedure was used to 
determine the reaction model of the decomposition of the hybrid composite. 
With the increase of the alkyd resin content, the thermal stability of the hybrid 
composite improved and this corresponded with an increase in glass transition 
temperature (Tg). 
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This paper focuses on the processing and performance characterization of non-
woven/fabric hybrid reinforced unsaturated polyester blend resins composites. 
The composite boards were processed by compressing moulding reinforced 
unsaturated polyester blend resins from soy flour (SF) and alkyd resin from 
Ricinodendron heudelotii oil (R.h) at the increased ratio of R.h  oil based alkyd resin 
of 0%, 5% and 10% (by volume). The blended unsaturated resin was characterized 
by FT-IR analysis, viscosity and zeta potential measurement. The chemical 
structure, water absorption, mechanical, thermal, morphological of the hybrid 
composite were investigated and it was found that the increase in the alkyd resin 
content has a significant effect on the quality improvementi.e. water absorption, 
mechanical and thermal properties. Morphological studies using scanning 
electron microscopy showed fiber cracking, debonding and fiber pulled-out as 
the main fracture mode of the composite and also revealed improved interfacial 
bonding between the matrix and reinforcement while using 10% of alkyd resin 
moiety in the blend. Hence this unsaturated polyester blend resins can be used in 
board production for general purpose applications. 
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In the age of “green revolution” peoples hardly use the conventional non 
biodegradable synthetic polymer based packaging materials due to its polluting 
nature. So there is no disagreement in socially aware human beings regarding the 
replacement of synthetic polymers. Soya protein has its own importance in the 
field of food nutrition along with its unbelievable demand in different up-
growing sectors, such as textile fibers, biodegradable membranes, biodegradable 
plastics, adhesives and packaging materials. Soya protein based 
bionanocomposites were designed by reinforcing SiC nanoparticles into the 
polymeric network of soya protein through low cost solution technique. The 
surface morphology of the prepared bionanocomposites was investigated by 
field emission scanning electron microscope (FESEM) whereas internal dispersion 
of nano SiC within soya protein was viewed from high resolution transmission 
electron microscope (HRTEM)images(shown in Fig-1).Crystalline nature of the 
bionanocomposites was examined from X-ray diffraction (XRD) and selected area 
electron diffraction (SAED) pattern. The chemical interactions within 
bionanocomposites were studied by Fourier transform infrared (FTIR) 

spectroscopy. Thermal stability and chemical 
resistivity of the prepared bionanocomposites 
were found to be superior as compared to the 
virgin soya protein with little scarification in 
biodegradability which may enable the 
synthesized bionanocomposite material for 
packaging applications. 
 

Figure-1. (a,b)HRTEM, EDS and (d)SAED pattern images of soy/sic bionanocomposite 
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Glycidyl azide polymer (GAP) is an energetic binder and fuel used in composite 
solid rocket propellants. Hydroxyl functional azido polymers are commonly cured 
with polyisocyantes forming urethane linkage. However, existing curing systems 
have various problems such as isocynates are toxic compounds, react with 
moisture to release CO2 and voids are formed in cured propellant. In recent years, 
to avoid problems associated with isocyanate cured systems, use of non-
isocyanate curing systems are great interest. Presence of azido groups in GAP 
undergo the 1,3-dipolar cycloaddition reaction with acetylene compounds, 
forming 1,2,3-triazole ring system. Hence multifunctional dipolarophiles have 
been suggested an alternative curing agents for azido polymers. This paper 
reports  method  of synthesis of curators such 1,3-bis(prop-2-yn-1yloxy)benzene, 
1,4-bis(prop-2-yn-1yloxy)benzene and 1,4-bis(prop-2-yn-1yloxy)-2-Nitrobenzene 
along with  curing of GAP using these curators and also describes the properties 
of the cured binder systems with reference to high energy material application. 
Curing of GAP with aromatic bis-propargyl ethers was carried out at 500C for 3-
5days. This curing reaction proceeds without catalyst via the formation of a 1,2,3-
triazole ring system. The curing process was monitored by measuring curing 
profile with the help of Rheometer. Cured samples were characterized by spectral, 
thermal and mechanical properties. FTIR study confirmed that the absence of 
peak at 3289 cm-1(alkyne CH stretching). DSC thermogram showed that 
exothermic peak at 257 0C. TGA  showed two step decompositions in the 
temperature range of 120-290 and 290-575 0C with 62 % total weight loss. The 
cured GAP have found to retain their elastic behavior with better mechanical 
properties(T.S) as compared to isocyanate cured GAP.  
GAP/aromatic bis-propargyl ethers curing procedure appear to offer an attractive 
alternative to conventional isocynate based systems because it does not require 
catalyst and can be cured at temperature range 30-50 0C  for 3-5 days.  
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The up-growing interest in study of biopolymer films has witnessed a steady 
increase of using biopolymer because they are eco-friendly alternatives to 
synthetic, non-biodegradable films. Starch/PVA/CaCO3 nanobiocomposite films 
were prepared by solution casting method using glycerol as compatibilizer. The 
prepared nanobiocomposite films were characterized by Fourier transform 
infrared (FTIR) spectroscopy, X-ray diffraction (XRD), field emission scanning 
electron microscopy (FESEM), transmission electron microscopy (TEM) and 
selected area electron diffraction (SAED). The fire retardant property of 
nanobiocomposite films was investigated from the measurement of limiting 
oxygen index (LOI) (Fig-1). The tensile strength thermal stability of 
nanobiocomposite films were enhanced with increasing percentage of CaCO3. 
The oxygen permeability of starch/PVA/CaCO3 was reduced with increase in 
CaCO3 concentration. An increase in water absorbency and reduction in water 

solubility of nanobiocomposites were observed as 
compared to the neat copolymers. The 
biodegradability of nanocomposite films was 
marginally reduced with the incorporation of 
CaCO3. The increase in fire retardant and oxygen 
barrier properties along with improvement in 
thermal and tensile properties of the prepared 
nanobiocomposite films may enable the material 
suitable for packaging application.  

Fig-1.  LOI study of starch/PVA/CaCO3 bionanocomposite film. 
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The structure-function relationship study plays a central role in inducing mechanical 
responses at the molecular level and is highly topical with regard to emerging technologies. 
In advanced energetic compositions, a great challenge is to develop compositions that 
exhibit temperature independent combustion (Low Temperature Coefficient (LTC) effect).  
Langlotz and Mueller employed DNDA-57, a ternary mixture of 2,4-Dinitro-2,4-diazapentane 
(D5), 2,4-Dinitro-2,4-diazahexane (D6), 3,5-Dinitro-3,5-diazaheptane (D7) as an energetic 
plasticizer for the nitrocellulose (NC) based gun propellants and realized temperature 
independent combustion. Although the working mechanism of LTC effect of this plasticizer 
is not clearly understood yet, thermal properties of this mixture and combustion studies 
made clear that the efficiency of DNDA-57 mixture depends on its composition and its 
crystallization tendency.  This structure-function study investigates the property that is 
responsible for the temperature independent combustion behavior in LTC class propellants 
in comparison with the conventional 2,4-dinitrotoluene (DNT) plasticized gun propellants. 
Recent years, classical molecular mechanics have become a widely used method for the 
investigation of structural, thermodynamic and mechanical properties of amorphous 
polymers and plasticizers. In the present study, molecular dynamics calculations are 
performed using the COMPASS force field under periodic boundary conditions. Amorphous 
cell is built with 20 units of plasticizer molecules (DNDA57, D5, D6, D7 and DNT) and 2x2x2 
supercells of these are considered as representative models for the study.  In order to bring 
the model system to the most probable configuration consistent with target temperature 
and pressure, cell relaxations have been performed for the energy minimized cells using 
NVT-MD simulations. The final structure has been taken from the relaxation simulation and 
it is equilibrated by NPT-MD simulations for 1000 ps (production run) using Berendsen 
temperature and pressure control. Density of the cell is recorded in equilibrium process and 
a constant density is ensured at the end of production run which well correlates with 
experimental density.  The final configurations of the MD runs are used as starting structure 
for a cooling cycle where the temperature is decreased in 10K steps from 373K to 193K.  At 
each temperature an NPT-MD run is carried out for 200ps where 150ps allows equilibrium at 
the particular temperature and the last 50ps is used for the data sampling.  The final 
configuration of each individual 200ps run is served as the starting structure for the 
subsequent one.  For the last 50ps at every picosecond the thermal expansion coefficient 
(CTE) and specific density is sampled and the average value is taken as the result.  Analysis 
of the computed results clearly reveals that CTE values of DNDA model are basically 
constant over the temperature range of 193 to 373K while it is increasing linearly with 
temperature in the case of pure DNT model.  This phenomena of low thermal expansion 
exhibited by the DNDA can be attributed the temperature independent combustion 
behavior of DNDA 57 based propellants. The CTE behavior of individual of components viz., 
DNDA 5, DNDA6 and DNDA7 and glass transiton temperature predicted by the MD 
simulations will also be presented. 
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Diglycidyl ether of bisphenol (epoxy resin) matrix reinforced with EG with 
concentrations of 3-9 wt% were fabricated. The structural, electrical and thermal 
properties of these composites were studied and compared. The structural 
information regarding epoxy/EG nanocomposite was obtained by X-ray 
diffraction study. The morphology and nanostructural behaviour of synthesized 
nanocomposites was investigated by FESEM and HRTEM respectively. The 
thermal stability was determined using thermo gravimetric analysis. The 
composites showed higher thermal stability in comparison with pure epoxy and 
thermal degradation of epoxy resin increased with incorporation of EG. The 
conductivity of epoxy resin increased with increasing concentration of graphite. 
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The localization and dispersion quality of as received NH2 terminated multiwall 
carbon nanotubes (MWNT-I) and ethylene diamine (EDA) functionalized MWNTs 
in melt mixed blends of polycarbonate (PC) and poly (styrene-co-acrylonitrile) 
(SAN) was assessed in this study using rheo-electrical and EMI shielding 
measurements. In order to improve the dispersion quality and also to selectively 
localize MWNTs in the PC phase of the blends, EDA was grafted on to MWNTs by 
two different strategies like diazonium reaction of para-substituted benzene ring 
of MWNT with EDA (referred to MWNT-II) and acylation of carboxyl functionalized 
MWNTs with thionyl chloride (referred to MWNT-III). By this approach we could 
systematically vary the concentration of NH2 functional groups on the surface of 
MWNTs at a fixed concentration (1 wt%) in PC/SAN blends. XPS was carried to 
evaluate the % concentration of N in different MWNTs and was observed to be 
highest for MWNT-III manifesting in large surface coverage of EDA on the surface 
of MWNTs. Viscoelastic properties and melt electrical conductivities were 
measured to assess the dispersion quality of MWNTs using a rheo-electrical set-up 
both in the quiescent as well as under steady shear conditions. Rheological 
properties revealed chain scission of PC in presence of MWNT-III which is due to 
specific interactions between EDA and PC leading to smaller PC grafts on the 
surface of MWNTs. The observed viscoelastic properties in the blends were further 
correlated with the phase morphologies under quiescent and annealed 
conditions. Electromagnetic interference (EMI) shield effectiveness in X and Ku-
band frequencies were measured to explore these composites for EMI shielding 
application. Interestingly, MWNT-II showed the highest electrical conductivity and 
EMI shielding in the blends.  
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Among all synthetic rubbers acrylonitrile butadiene rubber (NBR) is the most 
extensively used damping material in aerospace applications due to its wide 
ranges of physical mechanical and chemical properties [1].  
Present work details the effect volume fraction of carbon black filler (N550 grade) 
on tensile failure behavior of the NBR-Styrene Butadiene Rubber (SBR) blend. 
Effect of filler volume fraction on Ultimate properties viz. tensile stress, elongation 
at break and tensile modulus was studied. Significant enhancement in ultimate 
tensile stress was observed with increase in filler volume fraction in the rubbery 
matrix. However, nearly 60% reduction was noted in failure elongation of the NBR 
when filler volume fraction was increased from 0 to 0.16. Empirical correlation 
between Shore A hardness and tensile modulus of the material was established 
with a reasonable degree of accuracy.  
A semi-empirical relationship among strain energy, strain and filler percentage 
was developed based on Mullins and Tobin model [2]. Figure 1 depicts the 
variation of strain energy with strain and filler fraction computed based on the 
developed model. 
The relation between strain energy at break point and filler concentration for 

NBR-SBR blend has been established using 
Gaussian distribution function with significant 
degree of accuracy. Optimum filler loading for 
maximized strain energy was predicted based on 
the Gaussian distribution function. The three 
dimensional relationship can be effectively used 
for prediction of ultimate tensile properties of the 
rubber blend for the known amount of filler 
content. 

 
Figure 1: 3D plot correlating strain energy, strain and filler percentage 
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Allyl- terminated poly ether ether ketone with pendant methyl groups (PEEKMA) 
was incorporated in to Alder ene networks of O-Allylaralkyl phenolic resin (OAX) 
and bismaleimides (BMIs) in different proportions to form a thermoset-
thermoplastic co-cured network without phase separation (Figure 1). PEEKMA 
was synthesized from Hydroxyl terminated PEEK (PEEKOH) [1] and it was blended 
with OAX and two types of BMIs viz 2, 2’-bis 4-[(4’-maleimido phenoxy) phenyl] 
propane (BMIP) and4, 4’Bismaleimidodiphenyl methane (BMPM).PEEKMA was 
found to co-react with the BMIs, without influencing the cure profile of the blends 
as evidenced from the three step cure pattern for the allyl- dominated and two 
stage pattern for maleimidedominated blends. The cross-link density of the cured 
polymers showed a decreasing trend with increasing PEEKMA loading above 5 wt 
% implying the co-reaction of PEEKMA with the base matrix. The mechanical 
properties of the carbon fibre- reinforced composites improved with PEEKMA 
content upto 5wt%. All maleimide rich combinations retained the interlaminar 
shear strength (ILSS)to more than 50% at 150°C and the percentage retention was 
better for the BMPM system compared to BMIP.The impact strength was also 
ameliorated by 38% for BMPM based composition upon PEEKMA addition while 
the blend of BMIP showed an increase of 67%. Maleimide rich systems conferred 
superior thermal stability to the cured blends. As the maleimide content 

increased, morphology of the cured blends 
changed from smooth to rough texture, 
and incorporation of PEEKMAabove 10% 
resulted in the formation of agglomerates 
of the PEEK moieties.  
 
 

Figure1: The resultant cured network of BMI/OAX/PEEKMA 
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Graphene is one of the most widely studied carbon nanomaterial for fundamental studies as 
well as for potential applications.  It is a single atom thick, monolayer of sp2-hybridized 
carbon atoms. Graphene sheets offer extraordinary electronic, thermal and mechanical 
properties and have potential applications in sensors, batteries, super capacitors, hydrogen 
storages and reinforcing agents. One possible route to harness these properties for 
applications would be the incorporation of graphene sheet into a composite material. 
Graphene oxide (GO), prepared from graphite is the common precursor materials for 
graphene.  In the present work, the surface of GO was functionalized with the atom transfer 
polymerization initiator (ATRP) and subsequently polymethylmethacrylate (PMMA) chains 
were grown via living/controlled polymerization to yield the nanocomposites. 
Among different polymerization methods, surface initiated atom transfer radical 
polymerization (SI-ATRP) has several strategic advantages over other methods of 
polymerization. This investigation reports the preparation and characterization of 
PMMA/GO nanocomposites from GO surface via SI-ATRP. To carry out SI-ATRP, the GO 
surface was first modified by incorporating an ATRP initiator (2-bromo propionyl bromide) 
onto the GO surface via grafting reaction. The prepared bromo-functionalized GO (GO-Br) 
was then used to carry out SI-ATRP of methyl methacrylate by varying the concentration of 
the initiator. Better conversion was obtained in the Cu/Bi-PY metal complex systems. The 
attachment of initiator on the GO surface was characterised by the solid state mas NMR, 
FTIR. Surface of the PMMA grafted GO (GPMMA) was characterized by FTIR, SEM, GPC and 

1HNMR. These SI-GPMMA composites were used to 
prepare the films and subsequently their thermal 
stability and activation energy were studied from 
TGA and DSC. Rheological properties of these 
GPMMA films were analysed by the DMTA. 

Figure1. Schematic representation of the Synthesis of polymethylmethacrylate 
(PMMA)/graphene oxide (GO) nanocomposites. 
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We developed a unique strategy to tailor the interface and render finer 
morphology in an immiscible polymer pair (PVDF/ABS) with a mutually miscible 
homopolymer (PMMA). The interfacial localization of the compatibilizer was 
manifested in a core-shell microstructure with ABS as the core and PMMA as the 
shell. This phenomenon was strongly contingent on the concentration of the 
PMMA in the blend. With the addition of 5 wt% PMMA in 90/10 PVDF/ABS blends, 
the droplet diameter of the dispersed minor phase (ABS) was remarkably reduced 
and a significant improvement in the mechanical properties was observed. This 
strategy was further extended to localize GO at the blends interface by chemically 
coupling it to PMMA.This study reveals that a mutually miscible homopolymer 
can render compatibility in an immiscible pair and can improve the stress transfer 
at the interface. 
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Self healing composites, which autonomically repair, are of particular interest 
now-a-days. The effect of diverse process parameters (reaction temperature, time, 
agitation rate, homogenization time, emulsifier concentration, stirrer types) and 
ingredients (melamine to formaldehyde ratio & core to shell ratio) on the yield 
percent, core content, morphology and on the shell wall thickness of the 
microcapsules were studied. In this article the role of reaction temperature on the 
yield percent, core content, morphology and on the size distribution of the 
microcapsules were investigated. Epoxy loaded poly (melamine-formaldehyde) 
(PMF) microcapsules was prepared by in-situ polymerization emulsion technique. 
Yield and core percentage increases as the microencapsulation temperature 
increases from 60 to 80°C. Structural (FTIR), morphological (optical microscopy 
and scanning electron microscopy) and thermal (TGA & DSC) characterization was 
done to investigate the effect of reaction temperature on the synthesized 
microcapsules. FT-IR spectra of PMF epoxy filled microcapsules showed the 
presence of epoxide ring. Optical & SEM micrographs showed that the prepared 
capsules are almost spherical with a perfect periphery, but showed the tendency 
to agglomerate. Thermal analysis showed that the capsules are thermally stable 
up to 300°C. Size distribution and mean diameter of microcapsules were 
determined with particle size analyzer. The mean size distribution of epoxy filled 
PMF microcapsules decreases (from 83-57 µm) as the microencapsulation 
temperature increases from 60 to 90°C. The results indicate that the PMF 
microcapsules containing epoxy have been synthesized successfully. Such 
microcapsules are expected to find applications in polymeric self healing 
composites.   
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The use of biocompatible hydrogels for various biomedical applications are 
currently gaining importance because of their low cost and easy fabrication. Such 
hydrogels are three dimensional polymeric networks, which can hold significant 
amount of water and undergo swelling upon exposure with water and other 
fluids. The aim of present work is to develop a cross-linked agar gelatin hydrogel 
using Glutaraldehyde as cross linker. The prepared hydrogel was characterized by 
FTIR. The gelation time of the prepared hydrogel was evaluated as a function of 
gelatin concentration. To know the hydrophilicity behavior, swelling behavior of 
the prepared hydrogel was evaluated using deionized water. Swelling behavior of 
hydrogels was also evaluated using different pH buffers. Biocompatibility of these 
hydrogels was explored. A model drug ciprofloxacin was loaded in these 
hydrogels and its in vitro release study was performed by UV visible 
spectrophotometer.  
 
Keywords: hydrogel, glutaraldehyde, drug delivery 
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The development of an inter-cross-linked polymer network of thermoset-
thermoset blends have been extensively studied due to their enhanced 
mechanical properties. Among various polymer blends, modifications of Vinyl 
ester resin (VER) with epoxy matrix combinations are an attractive route to 
promote the performance of the thermoset matrix and to overcome the inferior 
properties of both the components. The primary goal of this research is to 
develop the VER/epoxy blended nanocomposites filled with amine –
functionalized multiwalled carbon nanotubes (MWCNT-NH2) and then to 
characterize thereof. For this purpose various blends of  VER/epoxy (80/20 % w/w) 
polymers were prepared as a function of  MWCNT-NH2 in  different weight ratios 
such as 1,1.5,2,2.5,3,4 & 5 wt % respectively. We have mainly focussed on the 
effect of MWCNT-NH2 load on the mechanical, thermal, electrical and tribological 
properties of the nanocomposite systems.  The appropriately cured samples gave 

excellent mechanical, thermal, electrical and 
tribological properties which increased with 
nanofiller content of up to 4 wt% but decreased 
thereafter due to the nucleating tendency of the 
nanofiller particles at higher concentrations. The 
above nanocomposites can be utilized for a wide 
range of structural, thermal and electrical 
applications.  

Figure 1: SEM of VER/epoxy nanocomposite filled with 4 wt% MWCNT-NH2 
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Polyamide-tethered polyhedral oligosilsesquioxane (POSS) nanocomposites 
(PAMIP) with well-defined architectures have been synthesized through Michael 
addition reaction between the maleimide-containing fluorinated new 
copolyamides (PAMI) with amino-functionalized POSS (POSS-NH2) nanofiller. The 
chemical structures of the polyamide-POSS nanocomposites (PAMIP)s were 
characterized by 1H-NMR and FTIR spectroscopy. The effects of POSS-NH2 on the 
morphology and properties of the PAMIP membranes were examined by DSC, 
TGA, XRD and TEM analysis. POSS molecules tethered to polyamide form sphere 
shaped POSS aggregate cages (phase separated morphology) were confirmed by 
TEM analysis. In terms of gas transport properties, these hybrid membranes are 
very attractive because they support the mechanical stresses imposed in the 
permeation cells for their good combination of thermal and mechanical 
properties. All these PAMIP membranes showed very high permeability (PCO2 = 
49.40 to 137.60 and PO2 = 10.40 to 32 barrer) for different gases (e.g., CH4, N2, O2 
and CO2) compared to PAMI membranes (PCO2 = 19.60 to 115.00 and PO2 = 4.90 to 
26 barrer) at 35 oC and 3.5 bar. This was attributed to the increase in the fractional 
free volume caused by the relatively low concentration of the bulky POSS unit in 
PAMIPs.  
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Bamboo fiber is obtained from a source which is known for its renewability in 
terms of fast growth and better mechanical properties. The utilization of bamboo 
fiber for fabrication of biocomposites by using advance technology transforms 
future of coming generation. The well designed and engineered products from 
the bamboo fiber can help in making new revolution to sustain our natural 
resources. Thereby, based on this brief review the bamboo fibers can be utilized 
for advance and engineered product development for different applications. It 
will be an alternative way to develop the biocomposites which can be particularly 
used for daily needs of common people whether it is house hold furniture, house, 
fencing, decking, flooring, and light weight car components or sports 

equipments. Their low cost, easy availability 
and aesthetic designs will be the main driving 
force to transform the depended present to 
sustainable future.  

Several treatment methods have been suggested to improve the fiber/matrix 
interface in natural fiber composites. This work examines the effect of treatment 
on mechanical and moisture absorption characteristics of 2-hydroxy ethyl 
acrylate(HEA) treated bamboo fabric reinforced thermosetting polyester 
composite laminate.  All composite specimens with different weight percentages 
of fibers were manufactured using hand lay-up process and testing was done by 
using ASTM standards. Experimental results revealed that treated bamboo fiber 
composite shows enhanced tensile strength, flexural strength, and impact 
strength over untreated one. The content of natural reinforcement was found to 
be in the range of 25–33.3% for best results. Chemical treatment of fibers lowers 
the water absorption and results were comparable to glass fiber reinforced 
polyester composites.  
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Hyperbranched polymers have been opted as an economic solution for coating 
technology owing to its globular structure, three dimensional architecture, 
densely packed surface functional groups and ease of preparation. The present 
work aims at enhancing the property of hyperbranched polymer through greener 
means by using castor oil derived precursors. It is well known that such oil based 
precursors have drawbacks of strength and shelf life. Therefore we incorporate a 
non-toxic, eco-friendly and bio-sourced graphitic nanoparticles into this polymer 
via covalent linkages. Here we prepared a versatile graphitic nanoparticle 
incorporated hyperbranched polyester-polyol, which was utilized in the 
development of polyurethane-urea nanocomposite with potential corrosion 
resistance, microbe resistance, enhanced thermo-mechanical and barrier 
properties. It is seen that there is a considerable increase in the physico-chemical 

property of the hyperbranched polymer with 
respect to the graphitic nanoparticle content. The 
study provides an in-depth analysis on the effect of 
nanomaterial on the hyperbranched polyester 
based polyurethane nanocomposite. The as-
prepared coatings can find use in healthcare 
application, textile industry, marine coatings etc. 
 

Figure:  Transmission electron microscope image of oxidized graphitic nanoparticle 
dissolved in aqueous media 
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Polymers constitute a versatile class of materials changing our day to day lives. 
Development in polymer science gave rise to novel drug delivery systems. 
Different polymers have been combined with different drugs. Poly methyl 
methacrylate is one such non biodegradable polymer which finds usage in 
orthopaedic surgery and as denture implants. On the other hand, Mangiferin, 
being a phytochemical has several therapeutic uses. In the present study, free 
radical polymerization of MMA was carried out in presence and absence of 
different doses of mangiferin. The compound produced was subjected to UV 
spectrophotometer and thermo gravimetric analysis. Degradation temperature 
was calculated. The results obtained, at 5% weight loss, indicated that 
degradation temperature dropped down initially with lower dose of mangiferin, 
but was found to increase with higher doses. This proved that addition of higher 
doses of mangiferin increased the thermal stability of the compound. 
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Polystyrene (PS)/Poly (methyl methacrylate) (PMMA) blends with different surface 
functionalized multiwall carbon nanotubes (MWNTs) were prepared by solution 
blending to develop materials with tunable EMI (electromagnetic interference) 
shielding materials. 1 wt% of different MWNTs like pristine (p-MWNTs), ~NH2 
functionalized (a-MWNTs) and ~COOH functionalized (c-MWNTs) were 
incorporated in the blend. Localization of different MWNTs in the blend upon 
annealing was investigated using contact mode AFM (atomic force microscopy) 
on thin films. X-ray Photoelectron Spectroscopy (XPS) was used to study surface 
composition of the phase separated blends. The localization of MWNTs in the 
bulk was further observed by selective dissolution experiments. Interestingly, 
both p-MWNTs and a-MWNTs resulted in interconnected structures of PMMA in 
PS matrix upon annealing while, c-MWNTs led to dispersed PMMA droplets in PS 
matrix. Room temperature electrical conductivity and electromagnetic 
interference shielding effectiveness (SE) were measured in a broad frequency 
range. It was observed that both electrical conductivity and SE was strongly 
dependent on the type of surface functional groups on MWNTs. Interestingly, the 
SE for blends with p- and a-MWNTs was > 24 dB at room temperature, which is 
commercially important, and with very marginal variation in thermal conductivity. 
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CNT possess extraordinary electrical, mechanical and thermal properties also 
have potential applications in manyareas such as biosensors, conducting agent, 
field-effecttransistor, and nanocomposites.Nanocomposites based on 
Polyethylene terephthalate (PET)/Reorganized PET and multiwalled carbon 
nanotubes were prepared by melt compounding. As received Polyethylene 
terephthalate structurally modified by precipitation technique with yield 98%. 
Nanoscale dispersion has been studied using Electron microscopy (SEM). FTIR 
spectra of PET nanocomposites investigated to study the possible interaction 
mechanism between PET and CNT. Melt mixed samples probed by differential 
scanning calorimetry. The various macrokinetic models namelythe modified 
Avrami, the Ozawa, the Liu model were applied to describe the crystallization 
kinetics under nonisothermal conditions. The Lauritzen – Hoffman parameters are 
estimated using effective activation energy equation proposed by Vyazoykin and 
Sbirrazzuoli. Lauritzen - Hoffman theory shows regime transition from regime II to 
regime I for temperature 210°C to 195°C. The activation energy calculated with 
Kissinger’s method was lower for nucleated samples. The presence of 
multiwalledCNT, which acts as good nucleating agent, enhanced the 
crystallization of PET. 
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Environmental concerns have led to manufacturing of high-performance 
engineering materials from renewable resources. Natural fiber reinforced 
composites are recyclable and light in weight. They exhibit similar properties to 
other synthetic fibre reinforced composites. In the present work, flax fibre and pp 
fibre web were produced by needle punched nonwoven technique and 
composites were made using compression moulding technique. Taguchi 

experimental design was adopted for the work.  The 
variables taken for the study are fibre weight fraction, 
fabric weight and stitch density. The studies reveal that 
the tensile and flexural properties are greatly influenced 
by the above parameters and the present paper discusses 
the effects of these variables in detail. 

Figure: Scanning electron micrographs of the fracture surface of Thermoplastic composites 

Key words:  Flax fibre, Polypropylene, Taguchi experimental design, Needle punching 
technique. 
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Coir is a residue which is obtained from coconut fruit. Recently coir is finding 
application as filler in polymer composites[1,2]. Polypropylene is a widely used 
polymer because of its properties such as low density and good chemical 
inertness which make it particularly suitable for wide range of applications. It has 
many potential applications in automobiles, appliances and other commercial 
products in which creep resistance, stiffness and some toughness are demanded 
in addition to weight and cost savings[3]. However, use of polypropylene is 
limited by the lack of good impact resistance.Various elastomers such as ethylene 
propylene rubber, ethylene propylene diene rubber, styrene ethylene butylenes 
styrene copolymer (SEBS) , ethylene vinyl acetate (EVA), polybutadiene and 
natural rubber have been used to improve the impact strength of PP .Among 
PP/rubber blends, the PP/EPDM blend has acquired some commercial success, 
and finds applications in various industrial fields such as automotive industry 
because the composition dependent properties of the blends can meet diverse 
requirements of industrial applications [4].  However nowadays since the 
petroleum reserves are depleting it would be beneficial if the improvementof 
impact property can be brought by addition of additive which would be from 
non-petroleum  based source.When coir is incorporated in PP it was found to 
result in increase of impact strength of PP[1,2].The use of coir in PP has dual 
advantage of value addition to agricultural residue(coir) and also reduction in 
usage of petroleumbased material(EPDM). In this paper an attempt has been 
made compare the impact improvement and mechanical properties of PP/EPDM 
blends and PP/Coir composites.The composites and blends were prepared by 
varying the coir and EPDM respectively from 0 to 35%. 
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Polymeric properties can be tailored by adding appropriate inorganics. Here films 
of pure polyvinylalcohol (PVA) of mol.wt. 72kDa and its MnCl2 doped counterpart 
were prepared and characterized using XRD, FTIR, AFM and UV-VIS spectroscopy. 
Optical band gap of PVA film was found as 5.01 eV but it reduced by 2.4% on 
doping. Investigation of localized state of the material gave Urbach energy (Eu) 
value for PVA film as 0.70 eV but it increased to 0.82 eV on incorporation of 40% 
MnCl2, thus implicating remarkable transformation from relatively long range 
order in pure PVA film to a distributive short range order in doped film as 
understood from XRD where sharp peak of PVA with interplanar distance, 
dpva=4.48Å was shifted to a broadened peak corresponds in general to average 
interplanar distance (ddpva) of 3.76Å; Such broadened peak neither belongs to 
pure PVA nor to pure MnCl2 but to new textural phase resulting from strong 
interaction between PVA and MnCl2 attributing substantial reduction in d-value. 
Broadened peak implicated interaction of Mn+2 with PVA are distributive in nature 
depending upon availability of active sites in chain primarily through remnant 
carbonyl (>C=O) rather than hydroxyl (OH) groups as revealed from FTIR features 
showing change of a triplet to doublet ~1650-1765 cm-1 range with very little 
change ~3350 cm-1 range. AFM supported distributive nanotexture of the doped 
film. 
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Graphene filled polymer composites have many potential applications in 
electromagnetic shielding, antistatic, corrosion-resistant coating, and other 
applications that demand mechanical and functional attributes such as stiffness 
and barrier capabilities. But chemically reduced graphene has lower conductivity 
values, which can be resolved with the doping of Silver nanoparticles. These 
nanoparticles act as a useful nanospacer and conductor, which not only increase 
the interlayer distance between the sheets but also improve the electrical 
conductivity between layers. The nanocomposites based on Polyurethane (PU) 
matrix are an attractive material with many unique properties, including good 
elasticity, high impact strength and elongation, resistance to low temperature, 
and excellent bio-compatibility.  
In this study, we present synthesis and characterization of Ag-doped reduced 
graphene oxide nanosheets along with processing, morphology, and properties 
of thermoplastic polyurethane (TPU) based reinforced with CNT, graphene and 
Ag- doped reduced graphene oxide. We compare these nanofillers via melt 
compounding and solution casting. A recirculating, conical twin-screw extruder is 
being used to blend TPU with nanofillers under dry N2 environment. In solution 
casting, both TPU and nanofillers dispersed in DMF were mixed together to form 
homogeneous mixture and poured into petridish to form thin films. Melt-blended 
samples were further processed into thin films by hot pressing. Different 
concentrations of these nanofillers varied from 0.1 to 2 (wt%). The state of 
dispersion of nanofillers has been studied through Scanning Electron Microscopic 
analysis, Electrical Conductivity measurements, Atomic Force Microscopy, zeta 
potential and Raman spectroscopy. 
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Cross-linking of polymers is a vital tool for modification of polymers and its 
properties. Poly vinyl alcohol (PVA) is a water soluble polymer containing many 
hydroxyl groups on its chains joined together by inter and intra chain H- bonds. 
Modification of hydroxyl groups of PVA has been done by cross-linking of PVA 
with dicarboxylic acid, glutaric acid in this work. Cross-linking mechanism is a 
simple esterification reaction. Carboxylic groups of dicarboxylic acid react with 
hydroxyl groups of PVA to form ester bridge networks between PVA chains. In the 
present work, WS2 nanotubes (WSNT) were used as reinforcement to improve the 
mechanical properties of PVA and cross-linked PVA samples. WSNT reinforced 
cross-linked PVA samples were subjected to different characterization methods. 
FTIR spectroscopy has confirmed the formation of ester linkage between 
dicarboxylic acids and PVA. In the swelling study it was found that cross-linking 
has reduced the water uptake of cross-linked PVA samples. Scanning electron 
microscopy (SEM) has shown the uniform dispersion of WSNT in the PVA matrices. 
Cross-linked PVA and WSNT reinforced cross-linked PVA samples have higher 
thermal stability than neat PVA samples as shown by Thermograviemetric 
analysis (TGA). Tensile testing has indicated that WSNT reinforced cross-linked 
PVA samples has higher tensile strength and toughness than cross-linked PVA 
and neat PVA samples. The WSNT reinforced glutaric acid cross-linked PVA is a 
bio-nanocomposite for different applications like implants, bio-mimic structures 
and filtration systems etc. 
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Ferrocene is an aromatic prototypical metallocene. By the incorporation of 
ferrocene  into the organic polymer results an easy way to develop organic-
inorganic hybrid material. Ferrocene generally gives electrical, magnetic and 
optical properties. In this present work we have synthesized Ferrocene rich, fire 
retardant,  anticorrosive  hyperbranched polyurethane using alkyne-azide click 
chemistry. The prepared hyperbranched polyazido-polyol is attached with alkyne 
containing ferrocene moiety by means of click chemistry and converted the 
ferrocene rich polyol into polyurethane. This hyperbranched polyurethane 
structure has been characterised by FT-IR, 1H-NMR, 13C–NMR, UV-visible 
spectroscopy, ESI-MASS. The effect of ferrocene moiety on the properties of 
hyperbranched polyurethanes is studied for thermal, mechanical, morphology 
and antibacterial properties by TGA, DMTA, UTM, SEM and AFM respectively. Fire 
retardant, anticorrosive properties were studied by cone calorimetry, impedance 
spectroscopy respectively. 
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The phase separation in an LCST blend of PS/PVME (polystyrene/poly(vinyl 
methyl ether)) was studied using melt rheology in the presence of polystyrene 
grafted gold nanoparticles. Two different PS chains were grafted on to the gold 
nanoparticles;  one with 3 kDa PS and with grafting density of ca. Σ = 1.7 
chains/nm2, and the other with 53 kDa PS and with grafting density of ca. Σ = 1.2 
chains/nm2. The localization of the gold nanoparticles in the phase separated 
blends were monitored in situ using a hot-stage AFM and confocal Raman 
imaging. Interestingly, gold nanoparticles grafted with 3 kDa PS (PS(3 kDa-g-
nAu)) were localized in the PVME phase whereas, gold nanoparticles grafted with 

53 kDa PS (PS(53 kDa-g-nAu)) were localized in the 
PS phase of the blend. Intriguingly, PS(53 kDa-g-
nAu) delayed the demixing in the blends by 12 °C 
with respect to the neat blend. This study clearly 
demonstrates that by tuning the localization of the 
nanoparticles in the blends, the thermodynamic 
miscibility can also be tuned.   
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Conducting polymers find widespread applications in solar cells, flexible 
electronics and OLED devices, primarily for their low rigidity and good electrical 
conductivity, especially after doping[1]. Among the conducting polymers, 
polycarbazole (PCz) and its derivatives have been gathering considerable 
attention in organic photovoltaic cells, heterojunction devices and so on [2-3]. 
Despite its favorable attributes like thermal and environmental stability, the 
sensor applicability of pristine PCz is limited due to its relatively low electrical 
conductivity (>10-9 S.cm-1 in the undoped state) [4]. To get around the 
conductivity issues, the polymer is often doped with iodine, sulfonic acid  to 
reduce the percolation threshold. In this study, we have used multi-wall carbon 
nanotubes (MWCNT)as a filler to increase the conductivity of PCz. The polymer 
was synthesized from a carbazole monomer by in-situ chemical oxidative 
polymerization. Linear four probe measurements on the palletized PCz-MWCNT 
composite revealed a sheet resistance value of around 1 MΩ/�. In a PCz-MWCNT 
composite, the polymer wraps around the nanotubes through noncovalent π -
stacking interaction, while the nanotubes providerelatively conducting pathways. 
FTIR spectroscopy of the nanocomposite showed a peak at 1400 cm-1, which 
confirmed the polymerization of carbazole on MWCNT. The peak at 2919 cm-

1represented the N-H bond stretching in PCz.The wrapping of PCz on MWCNT was 
also evident from a shift in the peak position from 263 nm to 283 nm in the UV-vis 
spectra.  
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In the present study, high density polyethylene (HDPE)-based composites containing 
different amounts of sepiolite [1-10 wt %] and different types of compatibilizers, PE-g-
MAH [Optim and Fusabond] were prepared by melt compounding in a corotating twin 
screw extruder. These composites were prepared through masterbatch route 
containing 20% sepiolite with HDPE. The effect of sepiolite loading and compatibilizer 
type on morphological properties using scanning electron microscopy [SEM], 
transmission electron microscopy [TEM] and X-ray diffraction [XRD], rheological 
studies using Rheotens set up and convergent flow analysis using capillary Rheometer 
and mechanical properties as per ASTM D638, D790 and D256 were examined. 
Thermal performance of nanocomposites was inspected using thermogravimetry 
[TGA] and differential scanning calorimetry [DSC].  
SEM and TEM results revealed that the sepiolite distribution appears to be uniform 
across the specimens upto 5wt% sepiolite loading while some aggregates and cavities 
were found in the 10% sepiolite filled uncompatibilised nanocomposites and the 
interface is very sharp. The typical basal diffraction peak of sepiolite clays was 
observed at smaller angles for all the nanocomposite samples in WXRD pattern 
implying that the d-spacing increases and that intercalation occurred. The 
composition containing higher percentage of sepiolite exhibited enhancement in 
mechanical properties. About 40% in tensile modulus and about 50% improvement in 
flexural modulus were observed with 10wt% sepiolite content. High shear viscosity 
increased upon increasing filler content with slight decrease in onset of melt fracture 
at 10% sepiolite loading. On the other hand, incorporation of compatibiliser reduced 
the shear viscosity and increased the onset of melt fracture. Incorporation of varying 
amounts of sepiolite enhanced the melt strength, drawability and extensional 
viscosity. It was observed that Tm and Tc of the HDPE did not altered and the 
composition containing 5wt % sepiolite showed the highest decomposition 
temperature.   
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This work is pursued to design some paramagnetic iron oxide nanoparticles 
entrapped in newer guar benzoate (GGBA) matrix. The functionalized biopolymer 
films were applied for adsorption and removal of bisphenol A (BPA), a potent 
endocrine disrupting chemicals (EDCs) from water bodies. Paramagnetic iron 
oxide nanoparticles were synthesized following a bottom up co-precipitation 
method. Subsequently, the hydroxyl groups on nanoparticles surface were 
covalently modified with zwitterionic DOPA by mussel adhesive anchor reactions 
in ammoniacal water medium. Transmission electron microscopy (TEM) studies 
revealed an average size of 20-30 nm for the functionalized iron oxide 
nanoparticles. SQUID analysis further confirmed magnetic behaviour close to that 
of superparamagnetic materials. New functionalized magnetic nanoparticles 
were highly stable in water environment as observed in DLS and zeta analysis. 
Modified magnetic particles were homogeneously dispersed in GGBA matrix in 
DMSO solution in an ultrasonic reactor. The final composite was then cast as a 
nano-bio-composite film.  The composite films were experimented for selective 
adsorption of BPA in synthetic aqueous solutions. Adsorption kinetics was 
followed at different pH conditions and quantified in HPLC - PDA detectors. 
Molecular associations and probable mechanism of adsorption were additionally 
evidenced in FT-IR analysis. New catechol functionalized iron oxides nanoparticles 
entrapped in GGBA biopolymer film can be a promising tool in bioremediation of 
EDCs like BPA from water bodies. 
 

  



338 

 

Surface-Quenching Induced Cell Opening Technique in 
Extrusion of Thermoplastic Foamed Sheets 

 Abhishek Gandhi, Naresh Bhatnagar* 
Mechanical Engineering Department, Indian Institute of Technology, 

Delhi, Hauz Khas, New Delhi 110016, India 
*E-mail: narbhat@hotmail.com  

 
In this article, a new technique has been developed to manufacture open cell 
extruded thermoplastic foamed sheets with the aid of extrudate surface-
quenching phenomenon. As the extrudate foam exits the die, its surface is rapidly 
quenched which results in freezing of cells on the surface, while the cells at the 
core continue to grow and leads to development of open-cellular microstructure 
at the core. Influence of chill roll temperature was found to be extremely 
significant in developing porous morphological attributes. Subsequently, 
synergistic effect of blowing agent content and chill roll temperature was 
examined for their expansion ratio and open-cell microstructure. Further, chill roll 
rotating speed was also found particularly substantial in achieving open-cellular 
foam structures. This study intends to enhance the understanding of researchers 
working in the area of open-cell foam processing. 
 
Keywords: Foams, Porous materials, Morphology, Composite, Microscopy, Open-cell foams 
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Hear we demonstrate a simple method to prepare highly conducting hybrid 
polymer nanocomposite composed of poly(methyl methacrylate) (PMMA)/high 
density polyethylene (HDPE) filled with multiwalled carbon nanotube (MWCNT) 
and expanded graphite (EG) . The EG used in this study was prepared by simple 
chemical exfoliation of graphite flakes and characterized by spectroscopic as well 
as morphological analysis. An industrially feasible melt mixing process was 
employed for the preparation of the nanocomposites through sequential heating 
protocol. The judicious control of temperature during mixing revealed a highly 
co-continuous structure of HDPE throughout the PMMA matrix and thus the 
percolation of the (75/25 w/w) PMMA/HDPE/bi-filler nanocomposites was 
achieved at 0.07 wt% loading of MWCNT. An extensive analysis revealed that the 
selective dispersion of the conductive bi-filler in the minor HDPE phase helped in 
the reduction of the percolation threshold through MWCNT-EG-MWCNT 
networking. The high barrier effect of the fillers was explained to be the prime in 
yielding co-continuous morphology in a highly asymmetric ratio (75/25 w/w) of 
the blend constituents.  
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Composites of novel high performance multi-wall carbon nanotubes (MWCNT) 
/poly(ether-ketone) (PEK) containing 0 to 5 % [w/w]  of MWCNTs were prepared 
by melt blending method followed by injection moulding to prepare the test 
specimens. The effect of MWCNTs content tensile properties, impact strength, 
electrical conductivity and electromagnetic shielding effectiveness [EMI] of PEK 
was evaluated. Tensile modulus and tensile strength increased with increasing 
amounts of MWCNTs. Impact strength of PEK decreased with increasing amounts 
of MWCNTs. Electromagnetic interference (EMI) shielding effectiveness (SE) of 
these composites  investigated in the frequency range of 8.2–12.4 GHz (X-band) 
showed a significant increase [17 dB] upon incorporation of MWCNTs.  Shielding 
mechanism was studied by resolving the total SE into absorption (SEA) and 
reflection loss (SER). The effect of MWCNTs on thermal stability, crystalline 
behavior and mechanical properties has also been investigated. The overall 
increase in mechanical and electrical performance with light weight of such 
multifunctional nanocomposites materials make them suitable for their use in 
fields of telecommunications, electronics, and aerospace etc industries. 
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Fluoride contamination of water bodies is a major problem worldwide [1,2]. The 
development of new fluoride selective polymeric material for efficient removal of 
fluoride from drinking water is a scientific as well as technological challenge. In 
this investigation, a new polymeric composite from the combination of shellac 
and zirconium was successfully prepared and characterized by FTIR, SEM, XRD, 
TGA, BET and zeta-potential measurement studies. The fluoride adsorption was 
studied by batch method with variation of solution parameters. A number of 
factors such as molecular interaction and bonding between shellac and zirconium 
plays a major role in stability of the material. Almost 99% of fluoride could be 
removed from drinking water spiked with 10 mg L-1 fluoride by using an optimum 
adsorbent dose of 0.15g/L at pH of 6.8 and temperature 28oC. The adsorption 
followed pseudo-second order reaction kinetics and Freundlich adsorption model 
(Fig.1). Computation of enthalpy, entropy and activation energy for the anion-
adsorbent interaction in solution was evaluated to be 51.04kJ mol-1, 0.251kJ mol-

1K-1 and 49.5kJ mol-1, respectively. Temkin 
isotherm model shows the adsorption controlled 
by intra-particle diffusion control process. Column 
studies shows the break through volume as 280 
with fluoride spiked water.  The result 
demonstrated the potential and promising 
application of new polymeric composite material 
for efficient fluoride removal from drinking water.  

 
Fig.1: Application of adsorption model 
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Surface modified cellulose nanoparticles with silanes as 
reinforcement in composites 

 
With increasing global concern over depletion of non-renewable fossil fuel and 
rising price for petroleum and petroleum derived products, present and future 
demands materials that are eco-friendly (with minimum waste disposal), having  
light weight, high durable with mechanical properties greater than or equal to 
those of traditional petroleum based materials.  Natural cellulose based materials 
(wood, hemp, cotton, linen, etc.) have been used by our society as engineering 
materials for thousands of years, but cannot compete with high performance 
materials.  
 By extracting cellulose at the nanoscale, the majority of the defects associated 
with the hierarchical structure can be removed, and a new cellulose based 
‘‘building block’’ (Cellulose nanoparticles (CNs)) can be obtained as the next 
generation of cellulose based composites. But one drawback is the hydrogen 
bonds present in CNs tend the fibres to agglomerate into bundles and unevenly 
distribute throughout the non-polar polymer matrix during compounding 
processing; resulting a weak interfacial adhesion. Therefore fiber treatment is 
beneficial towards improving the water resistance and wettability of the fiber 
surface by polymers and enhances interfacial adhesion. A coupling agent is a 
chemical that functions at the interface to create a chemical bridge between the 
reinforcement and matrix. Mainly organosilanes are efficient coupling agents and 
they have been extensively used in composites. The hydroxyl groups present on 
the surface of the cellulose nanofibres is allowed to condense with the hydroxyl 
groups formed insitu during the hydrolysis of the silicates under alkaline or acidic 
pH conditions.   
In this present work CNs were prepared from various sources like cotton, paper, 
baggase etc and insitu surface treatment with tetraethyl orthosilicate (TEOS) was 
also done. The properties of surface modified cellulose fibres are characterized by 
PXRD, SEM, TEM, TGA and FTIR. These reinforcement fillers were used in 
composites and the properties enhancement were studied. 
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An ether linked polybenzimidaole (PBI) like oxypolybenzimidazole (OPBI) 
composite membranes are prepared by the addition of acidic surfactants with 
OPBI. The acidic surfactants used here are camphor 
sulfonic acid (CSA), paratoulene sulfonic acid 
(PTSA), mono dodecyl phosphate (MDP). 
Composites are made with respect to OPBI polymer 
weight in four different percentages (5%, 10%, 15%, 
20% wt). The WAXD studies represent that the 
composite membranes have crystalline nature. The 
FT-IR, SS-NMR studies indicate the interaction between OPBI polymer and the 
surfactant in the composite membranes. The TGA studies proved the phosphoric 
acid (PA) doped OPBI/CSA, OPBI/PTSA, and OPBI/MDP composite membranes 
exhibits high thermal stability than pure OPBI. In all the three cases scanning 
electron microscopy (SEM) cross-sectional studies show that the membranes 
morphology affected the composite membranes properties. Mechanical 
properties of the composite membranes are quite high as obtained from the 
dynamic mechanical analyser (DMA) studies. PA doping level, water uptake, 
swelling ratio are carried out in both phosphoric acid and water medium. The PA 
doped composite membranes display higher proton conductivity than the 
conductivity of the PA doped OPBI. Higher percentage of the OPBI/CSA and 
OPBI/MDP composite membranes proton conductivities are found 2.82 × 10-1 
S/cm and 1.43 × 10-1 S/cm temperature at 1800C but OPBI/PTSA composite 
membrane conductivity as found to be 1.76 × 10-1 S/cm at 1600C. All these results 
indicated that more promising candidates for the used as high temperature 
proton exchange membrane in fuel cell.     
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The state of dispersion of multiwalled carbon nanotubes (MWNTs) in 
polypropylene (PP) matrix was investigated through crystallization behavior of PP 
matrix using differential scanning calorimetric (DSC) analysis. PP/MWNTs 
composites (of 1-5 wt% of MWNTs content) were prepared via melt-blending, 
wherein two different MWNTs viz., NC3100 (Nanocyl SA, Belgium; hereafter, it 
would be denoted as N-MWNTs) and D-MWNTs (DMSRDE, Kanpur, India) were 
utilized. TEM observation had indicated differences in terms of ‘agglomerated’ 
structure, ordered graphitic content, purity and average diameter associated with 
respective MWNTs.  Non-isothermal DSC analysis has indicated an increase in 
crystallization temperature (Tc) with increase in MWNTs content with respect to 
pure PP (115 °C). This observation was found to be more significant in PP/N-
MWNTs composites (121 °C) as compared to PP/D-MWNTs (117 °C) composites at 
4 wt% of MWNTs content. Heterogeneous nucleation ability of MWNTs has 
resulted in a decrease in half time of crystallization (T½) from ~ 40 mins for pure PP 
to ~ 8 mins for PP/N-MWNTs and ~ 11 mins for PP/D-MWNTs composites at 1 wt% 
of MWNTs at 132 °C. Overall rate of crystallization (k) has significantly increased to 
3.4 x10-1 min-1for PP/N-MWNTs composites as compared to 5.6 x10-2 min-1 for 
PP/D-MWNTs composites at 1 wt% of MWNTs at 132 °C. PP/N-MWNTs composites 
have shown higher ‘n’ values of 1.5-1.9, which indicate a transition from ‘rod’ to 
‘disc’ shaped crystal growth of PP. On the contrary, PP/D-MWNTs composites 
have exhibited ‘n’ values of 1.2-1.3, which manifest in a restricted crystal growth 
of PP. The rate of crystallization and ‘n’ value suggest a finer dispersion of MWNTs 
in PP/N-MWNTs as compared to PP/D-MWNTs composites, which may possibly be 
due to the higher extent of ‘entanglements’ associated with D-MWNTs as 
compared to N-MWNTs. This observation was further supported by scanning and 
transmission electron microscopic analyses. 
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In this work, biocomposites were prepared using Hildegarida natural fabric (HLD) 
and a glyoxal modified soy protein isolate (GSPI) matrix. The effect of fabric 
loading on the mechanical properties (tensile and flexural) was investigated. 
GSPI/HLD biocomposites exhibited improved mechanical performance as 
compared to pure GSPI composites. The effect of chemical surface treatments 
(alkali and silane) of HLD fabrics on the mechanical properties, chemical 
resistance, and interfacial bonding was studied. It is evident that the strength and 
modulus of these composites with untreated fabric were increased by 1200% and 
400 % respectively over those of the matrix. When alkali treated fabrics were 
used, these values got increased by 1200% and 600%. Morphological studies 
indicated improvement of interfacial bonding by alkali and silane coupling agent 
treatments of the fabrics. The chemical resistance of GSPI/HLD biocomposites was 
studied and found that the GSPI and GSPI/HLD biocomposites were not resisting 
in HNO3 and NaOH.  
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The effect of modified hydrophobic nanosilica (MNSi) as one of the fillers on 
properties of high voltage insulator made from polydimethyl siloxane (PDMS)/ 
ethylene vinyl acetate (EVA) blends (60/40 wt%) was investigated. Composite 
samples with different  nanosilica content in a blend of PDMS/EVA were 
subjected to aging under boiling water, dry heat, and UV radiation for the specific 
time duration. The changes in properties like surface resistivity, volume resistivity, 
dielectric properties, hydrophobicity and morphology were evaluated for these 
composites. The changes in various properties as mentioned above were found 
to be marginal when samples were treated with boiling water and dry heat. The 
recovery of hydrophobicity , after aging under dry heat, is appreciable for samples 
with higher nanosilica loading compared to samples with low nanosilica loading 
and it is found to be the best for 6 phr nanosilica loading. However when all 
samples were subjected to UV radiation there is an increase in hydrophobicity. 
Dry heat treatment and treatment of boiling water also increases the 
hydrophobicity. Addition of nanosilica marginally increases the dielectric 
constant and loss factor. 
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Now a day’s huge portion of research is going on to develop conducting polymer 
composites (CPCs) because of their immense applications in our daily life. Here, 
we developed a ternary polymer blend of PP, HDPE and SEPS in which the 
MWCNTs are located only in SEPS phase by simple industrially feasible melt 
blending method. The use of a tri-block copolymer SEPS helps to localize the 
CNTs at the interface of the PP and PE phase leaving the respective polymer 
phases to be CNT excluded. To engage almost all of the CNTs in the SEPS phase 
and form three dimensional networks along the blend interface required for low 
percolation threshold value, CNTs were premixed with SEPS, which is continuous 
throughout the whole matrix at the interface of the blend. The prepared 
nanocomposites have been electrically characterized by both DC and AC 
conductivities and dielectric properties. The obtained DC conductivity (1.3×10-3 
Scm-1) results have been correlated with the theory of percolation to attain the 
percolation threshold value and the underlying factors responsible for the high 
electrical conductivity. Thus, the percolation of MWCNT was obtained with a 
remarkably low CNT content at 0.12wt% in PP/HDPE/MWCNT nanocomposites 
where CNTs are used without modification. 
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We report the in-situ X-ray scattering measurements vindicating the evolution of 
the dispersion of polymer grafted gold nanoparticles (PGNPs) dispersed in 
homopolymer matrixwithin a thin film during annealing[1]. Electron density 
profiles (EDP) in out-of-plane direction have been extracted from X-ray reflectivity 
profile with three layer model- surface, bulk, interface[2,3]. The resultant volume 
fraction of PGNPs(φAu) in three layers with time is shown in Fig. 1. Figure 1a 
reveals initially segregated un-annealed film becomes homogeneous during 
annealing. The average diffusion coefficient turns out to be 0.014 Å2/s - two order 
of magnitude slower than corresponding bulk diffusion.  
The in-plane diffusion characteristics of the PGNPs was probed with x-ray diffuse 
scattering (XDS) measurements. Figure 1b shows time evolution of the mean 
square displacement (MSD, ζ) varying as a power law with an exponent > 1, 
indicating a super-diffusive motion along the lateral direction. This slow out-of-

plane and superdiffusivein-plane 
motion simultaneously helps it to 
make a homogeneously dispersed 
film. A schematic of the dispersion of 
PGNPs during annealing is shown in 
Fig. 1c. 

Fig. 1: (a) Time evolution of dispersion of PGNPs (φAuvs time) for different layers within PNC 
film (time zero points and end points correspond to room temperature data). (b) Evolution 
of MSD with time. (c)Schematic shows homogenization of distribution of PGNPs with 
temperature.   
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Wear and friction properties of a polymer based friction composite are greatly 
affected by the interactions and synergistic effects among the multiple 
components used during composite fabrication. Both space fillers and functional 
fillers viz. abrasives, lubricants have due reasons to be used as an active multi-
ingredient in polymer friction composite system. Different types of abrasives and 
lubricants have been fabricated in various possible combinations by both 
academia and industries over the last few years. Fibrous ingredients, which are 
the key reinforcing part of a conventional friction composite material, have been 
eliminated from the designed formulation to understand the effect of different 
filler functions on wear and friction behavior of the composites. Barytes has been 
taken as a space filler, whereas calcined petroleum coke and graphite powder 
have been adjusted as an abrasive and solid lubricant, respectively in the NBR 
powder modified Phenolic resin based formulation. Effect of individual fillers on 
the friction as well as wear characteristics has then been investigated separately 
on a pin on disc type of tribometer at room temperature. Subsequently, it has 
been found that the graphite based composites have depicted better wear 
characteristics, whereas the calcined petroleum coke based formulation has 
reported stable frictional coefficient among these three. Finally, the surface 
morphology of the friction composites has been studied by scanning electron 
microscopy (SEM) before and after friction and the results corroborates the 
tribological observations.   
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Herein, we synthesized a carboxymethyl cellulose/MWCNT based polymeric 
nanocomposites for transdermal drug-delivery.MWCNT is ultrasonically dispersed 
in different weight percent aqueous carboxymethyl cellulose in different 
concentrations (with respect to CMC) to form the hybrid nanocomposites. The 
prepared nanocomposite has been characterized by using FTIR, XRD, FESEM and 
rheological analyses. Finally, we have also also used the nanocomposite for 
transdermal drug delivery application.  
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Polymer matrix composites offer a unique balance of properties which lend 
themselves attractive in structural and thermal insulation applications. These 
composites exhibit high specific strength, thermally stability, fatigue resistance, 
thermal cycling tolerance, etc making them suited for high performance 
aerospace applications. The present work describes development of a room 
temperature curable, silica reinforced ablative composites.  State-of-the-art 
ablative composites are based on thermosetting matrices such as resole 
phenolics, poly benzoxazines, pthalonitriles, etc. which warrant high temperature 
curing (>150°C), making their processing time and energy intensive.  Moreover, 
they need to be moulded or machined further to the required application 
contours.  Present work describes room temperature processable, ‘cure –in-place’, 
self-extinguishing silica reinforced composites.  The matrix is based on an 
epoxidizednovolac resin filled with glass microballoons (0-20% by weight) and 
cured using an equivalent ratio of amine based curing agent to tune the cure 
characteristics as well as the physical, thermo physical and thermo mechanical 
properties of the resultant composite. Prepreg tapes were processed by 
impregnating silica cloth/tapes with the matrix. The tapes were wound to 
required shape or contour and cured at RT for 24hrs.  Extent of cure was 
monitored by FTIR, DSC thermograms and rheometry and cure completion was 
ensured. The cured composites exhibited inter laminar shear strength (ILSS) in the 
range of 20-23MPa, Flexural strength in the range of 100- 120MPa. The composite 
started to decompose above 250°C and its Limiting oxygen index (LOI) was found 
to be in the range of 30-40%. Coefficient of thermal expansion (CTE) was of the 
order of 10-5/°C, thermal conductivity in the range 0.4-0.45 W/m.K. The 
composites were pyrolysed at 700°C under inert atmosphere and char strength of 
the pyrolzed composites were determined to assess the composite as an ablative 
material. Dimensional stability of the composites was also evaluated by 
monitoring the shrinkage of the charred specimens. All the properties evaluated 
were correlated to the composition of the matrix system. 

 

Scheme1: Reaction between epoxy novolac and amine 
References:  
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Development of scaffolds plays a vital role in tissue engineering in order to repair, 
regenerate, or create tissues and organs by mimicking of natural extracellular 
matrixes.1 Scaffolds should have the suitable mechanical properties and the 
surface functionality to favor the cell adhesion, proliferation and differentiation2. 
Considering that bone is a composite of minerals and proteins3,4, it is preferred to 
develop a composite that mimics natural bone. We have fabricated bone-like 
multicomponent magnetic nanocomposites (MMN I-III) simply by blending bio-
compatible and bio-degradable natural polysaccharide of chitosan, 
polymethylmethacrylate-co-2-hydroxyethylmethacrylate (PMMA-co-PHEMA), and 
nano-hydroxyapatite-Fe3O4. The physiochemical, morphological and mechanical 
properties of the prepared nanocomposites were studied and significant 
improvement in mechanical properties (e.g. tensile strength, Young’s modulus 
and stiffness) of the nanocomposites was observed. Swelling study indicates high 
water uptake ability in MMN I-III. Antimicrobial activities revealed that MMN I-III 
have excellent antimicrobial property which is necessary for practical 
applications. Thus, these materials should be a potential material for bone tissue 
engineering. 
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The formation of a MWCNT based nanocomposites and their structural 
characteristics were discussed thoroughly with their necessity on the field of 
microwave absorbing applications. Development of microwave absorbing 
material is a growing field of research in both the commercial and defense sector, 
and also to enrich the field of stealth technology. The recent work is attentive to 
the preparation of nanocomposite based on acid modified MWCNT, hexagonal 
shaped magnetic M-type hexaferrite (CuFe10Al2O19) and polyaniline. CuFe10Al2O19 

was prepared by a facile chemical co-precipitation method. An in-situ approach 
was hired for the coating of polyaniline on MWCNT/CuFe10Al2O19nanocomposite. 
The final fabrication of these nanocomposites for microwave measurements was 
done suitably in the matrix of thermoplastic polyurethane with 10% filler content. 
The prepared nanocomposites exhibited an outstanding and remarkable 
microwave absorption property in the X-band (8.2-12.4 GHz) region. The 

nanocomposites showed higher reflection loss 
with a broad absorption range in contrast to the 
pristine MWCNT and CuFe10Al2O19. Addition of 
PANI improves the microwave absorption 
property of the nanocomposites. The thermal 
stability of the prepared nanocomposites is also 
high enough for the use of it in various high 
temperature applications. 

Figure 1: Reflection loss vs frequency plot of prepared nanocomposites at different 
thicknesses. 
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Metal organic frameworks (MOFs) are a new class of ordered porous materials 
with tremendous diversity in their chemical structure and porosity.1 They are 
rapidly perused as next generation membrane materials for the energy efficient 
gas separation application.2 CuBTC is one of the most thoroughly studied MOFs as 
membrane material for its potential applicability in gas separation. It is usually 
fabricated as a continuous polycrystalline film on porous support or by mixing 
with polymers to enhance their permeation performance.3, 4 Pristine CuBTC films 
normally show poor selectivity due to the inter crystalline defects. On the other 
hand, polymer based composites face compatibility issues. Lack of good 
compatibility between CuBTC filler particles and polymer adversely affects the 

gas permeation. Thus; there is need for further 
investigations with better compatible blends of a 
polymer and CuBTC for improvement in gas 
permeation properties. 
We have studied effects of polymer structure variation 
on the gas permeation of the composite membranes, 
viz. CuBTC@PBI-BuI. This work demonstrates the critical 
role of polymer structural architecture on governing 
gas permeation properties of the composite material. 
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Fig. 1 Chemical structure of the CuBTC. 
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The main objective of this work is to develop an innovative process to control the 
degradation of polyesters using biological agent. The PCL PLA and PU are the 
widely used polyesters. Therefore, their mechanism of degradation was 
controlled on the basis of pH using three nanoclay 30B, 15A, C-18. Nanoclays act 
as strong nucleating agent that increased the filler dependency phenomena 
which was used to control the degradation rate. The degradation rate of 
polyesters were measured in term of depolymerase activity. The depolymerase 
activity of PCL and PLA by lipase was found maximum under alkaline zone at pH 
7.7 and 7.2 respectively, while PU showed highest degradation at 6.5 pH. The pH 
of three nanoclay 30B, 15A, C-18 in deionized double distilled water was 
measured to be 7.8, 7.2 and 6.4, respectively. The respective pH of nanoclay were 
blended to corresponding depolymerase activity of polyester to monitor the 
biodegradation. The spectroscopic analysis of PCL suspension with 30B nanoclay 
showed maximum biodegradation through lipase while decrease rate with C-18 
nanoclayin comparison to pure PCL suspension. The similar results were also 
observed with PLA and PU suspension with respective pH of nanoclay. PLA-15A 
nanocomposite film revealed 67% weight loss after 9 days in contrast to PLA-30B 
with 44% on treatment with lipase. The results were further supported by 
morphological studies.A model has been proposed for the controlled 
biodegradation of polymer induced by different nanoparticles.  
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Poly (lactic acid) (PLA) is biodegradable aliphatic polyester which is obtained from 
renewable resources. PLA was plasticized with poly (ethylene glycol) (PEG) of 
molecular weight 4000 g/mol in varying concentration (0-30 wt %) using a twin 
screw extruder. Differential scanning calorimetry (DSC) and thermo gravimetric 
analysis (TGA) were used to analyze the thermal behaviour of PLA/PEG blends. 
DSC results reveal that crystallinity of PLA increased while significant decrease in 
glass transition temperature occurred with PEG content. The mechanical 
potential of these blends are explored using tensile and impact properties. 
Tensile strength and modulus decreased in a linear fashion with increasing PEG 
content. The impact strength of blends increased with PEG content, at 20 wt% 
PEG content the increase was by 60%. The Dynamic mechanical analysis (DMA) 
showed that as the PEG content increases, storage modulus and loss modulus 
decrease. The shear viscosity of PLA/PEG blends were lower than that of pure PLA 
and decreased considerably with increasing PEG content. 
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The bio-waste ‘coconut pith’ is an agro-industrial lignocellulosic  residue 
generating as the by-product in coir industry. Resistance to natural degradation 
and leaching of polyphenols to the environment makes coconut pith a severe 
threat to the ecosystem. Extraction of cellulose from coconut pith is an effective 
way of utilization of coconut pith and thus to increase the income of farmers. 
Delignification by oxidation and the mechanical treatments helped to extract 
cellulose and its conversion to nanocellulose from coconut pith by cost effective 
way. TEM analysis showed the size of extracted cellulose in nanometer scale. 
Rubber blends are used for the preparation of commodity goods to speciality 
products. But the easy blending of polar and non polar rubber is very difficult. 
Synthesised cellulose is used for the enhancement of interfacial interaction 
between polar-nonpolar rubber. Natural rubber [NR] (non-polar rubber) 
successfully blended with chloroprene rubber [CR] (polar rubber) by the 
incorporation of extracted cellulose from coconut pith. Master batch process was 
utilized for the preparation of NR/CR blend. Mechanical properties such as tensile 
strength, tear resistance, abrasion resistance, compression set, rebound resilience, 
heat build-up etc. are used for the blend evaluation and optimization of 
nanocellulose concentration for making good quality blend. The results were 
compared with the commercially available cellulose. It is found that the cellulose 
from coconut pith is effective to improve interfacial interaction of NR/CR blend 
compared to commercially available microcrystalline cellulose. 
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Polymer products are widely using for the applications such as food packages, 
furniture, refrigerator etc. They are highly useful in the areas were antimicrobial 
and antipollution properties are required. The biopolymer natural rubber (NR) 
possess remarkable elasticity and undergoes long range reversible extension 
under relatively small applied force. Titanium dioxide (TiO2) is very well known for 
its antibacterial activities, photocatalytic activities and environmental cleanup 
activities. Since natural rubber is susceptible to oxidation and other 
environmental factors, nano-TiO2 incorporated natural rubber can show higher 
resistance to oxidation, increase biocompatibility and thus can widen the 
application area of rubber composite.. 
In rubber industry conventional TiO2 is used as non-reinforcing filler as well as 
white pigment. The present study involves the preparation of nano TiO2 and its 
evaluation as reinforcing filler in NR. Nano titanium dioxide prepared in colloidal 
form and is incorporated into natural rubber by latex stage mixing. The 
peculiarity of the study is the liquid stage incorporation of nano colloidal sol of 
TiO2 with NR latex. The present study investigated the reinforcing nature of 
nanoTiO2 in natural rubber by the evaluation of properties such as tensile 
strength, tear strength, abrasion resistance, compression set, solvent resistance 
etc. NR/nano TiO2 composite prepared through latex stage mixing showed 
superior performance.  
 
 
 
 
 
 
 
 
 
 
References: 
[1] Cristina, V.; Luminita, A.; Anca, D; Journal of Nanoscience and Nanotechnology, 2009, 9, 1–9. 
[2] Stephen, S.O; Adriaan, S.L.; International Journal of Composite Materials: 2011, 1(1), 7-13. 
[3] Tatiane, M.A.; Katyuscya, V.L.; Antonio, G.F.; Polymer Testing, 2009, 28, 490–494 
 



359 

   

Experimental Evaluation of Mechanical Properties of 
Cocos Nuci Fera L. Thick Leaf Sheath Woven Fibre 

Reinforced Polyester Composites  

Nadendla Srinivasababu1*, Thota Sailalitha 
1Department of Mechanical Engineering, Vignan’s Lara Institute of Technology and Science, 

Vadlamudi-522213, Andhra Pradesh, India 
21IV B.Tech Mechanical Engineering, Vignan’s Lara Institute of Technology and Science, 

Vadlamudi-522213, Andhra Pradesh, India 
*cnjlms22@yahoo.co.in  

 
In India utilization of potential bio mass exists for various applications is a 
significant task. Cocos Nuci Fera L. is the scientific name of coconut tree and it 
belongs to Arecaceae (palm family). Nearly eighty varieties of the coconut have 
been described in the literature (FAO,1970). Many of these are ecological type 
and are evolved as a result of adaptation to a certain environment. Intermediate 
forms will also occur due to hybridization. One of the ways of classification of the 
trees is based on color, size, shape, inflorescence, and size of the trunk whereas 
recent classification is due to genetic characteristics, mode of pollination. The 
coconut palm is a typical monocotyledon. It has many thousands of long narrow 
roots emerge from base of the swollen bole or stem.  
In the present work an attempt is made to collect thick coconut leaf sheaths 
which are in woven form from the coconut trees in the field of N. Chennakesavaih 
located in Gorigapudi, Guntur Dt., and Andhra Pradesh and have twenty five 
years of life, are of pure-bred. The trees have moderate water supply in the year 
along with the regular annual rain fall. The composites are fabricated using 
Ecmalon 4413 unsaturated polyester resin and are tested according to ASTM 
standards. The obtained mechanical properties are compared with the values 
exist in the literature. Based on the reasonably good results, one finds application 
of the composites in the fabrication of automobile parts.           
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Universities and industry have been collaborating for over a century, but the rise 
of a global knowledge economy has intensified the need for strategic 
partnerships that go beyond the traditional funding of discrete research projects. 
Further, with ever increasing cost of capital, uncertainty in global consumer 
demand - industry is increasingly looking at leveraging the “intellectual” 
infrastructure of academic institutes to remain competitive while academic 
institutes look at overcoming reduced Governmental funding by partnering with 
industry.This paperdiscusses the use of Patent Information to initiate the hunt for 
the right partner to take the Industry-Academia relationship forward. The 
importance of Patent Landscape studies and role of licensing, Joint Disclosure 
Agreements (JDA) & technology transfer are discussed. 
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Soft body armours are used by police personnel and soldiers to protect them 
from the attack of hand gun or pistol. In order to facilitate their body movements, 
it is desired that the armour should be light and flexible. Recently, shear 
thickening fluid (STF) treated p-aramid (Kevlar) woven fabric composites are used 
as one of the potential material for this kind of application. In this work, STF was 
prepared using silica nano particles and polyethylene glycol (PEG) of different 
molecular weight (MW). Rheological studies of STF conducted with a parallel 
plate stress controlled rheometer have shown an abrupt increase in viscosity after 
a critical shear rate. This effect was found to be more prominent with increasing 
the MW of PEG. Kevlar fabrics were treated with the prepared STF. Yarn pull-out, 
yarn extension and yarn rupture are the three major modes of energy absorption 
during impact testing of STF treated fabric composites. So, yarn pull-out test was 
carried out using universal tensile tester to evaluate the performance of STF 
treated Kevlar fabric composites. Various configurations of yarn pull-out test were 
tried using a newly fabricated jaw. Test results clearly show that more yarn pull-
out force is obtained in case of STF treated fabrics than the untreated fabrics. Yarn 
pull-out force also increases with the increase in MW of PEG. The normalized yarn 
pull-out force increases in a nonlinear manner with the increase in number of 
yarns taken in the pull-out study.    
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Antimicrobial film containing poly(butylene adipate-co-terephthalate) (PBAT) / 
organoclay (CMMT) / sodium benzoate (SB) was made by a solution mixing 
process. Cation exchange technique has been employed for modification of 
montmorilonite (MMT) to get CMMT using cetyl trimethylammonium bromide 
(CTAB) and confirmed through FTIR, TGA and XRD studies. PBAT/CMMT 
nanocomposite film showed higher barrier properties against water vapor 
compared to the virgin PBAT film. The release of sodium benzoate from PBAT and 
its nanocomposite film was measured and data were fitted in the Weibull model. 
Bacterial inhibition studies were evaluated against two food pathogenic bacteria 
like Bacillus subtilis and Staphylococcus aureus using the inhibition zone method 
and growth curves of bacteria. Those experiments established that 
PBAT/CMMT/SB showed better antimicrobial activity compared to PBAT/SB film. 

Therefore, the PBAT/CMMT/SB 
nanocomposite film can be used for 
food packaging application as it 
showed good barrier properties and 
antimicrobial activity against food 
pathogenic bacteria. 
 
 

Figure: Growth curves of Bacillus subtilis and Staphylococcus aureus in the Nutrient broth 
containing (a) control medium, (b) PBAT, (c) PBAT/SB, (d) PBAT/4wt% CMMT and (e) 
PBAT/4wt% CMMT/SB at 37°C. 
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Rare-earth (RE) doped polymer optical fiber (POF) attracts increasing research 
interest due to their technological cutting edge over glass fibers, in terms of easy 
handling, flexibility and cost effectiveness which make them suitable for short-
distance communication [1]. Among different RE ions, erbium (Er) is the most 
important due to their potential application as amplifier and sensor. In compare 
to conventional inorganic RE salts, RE-chelates provides higher solubility in a 
polymer matrix without appreciable concentration quenching effects [2]. A sharp 
refractive index increase at the interface of the particles and polymer matrix 
results strong scattering and optical clarity of the composite system rapidly 
diminishes [3]. Accordingly, doping of RE ion in polymer matrix maintaining 
optical transparency is a real challenge. Here, we report synthesis and 
characterization of polystyrene (PS) and poly methyl methacrylate (PMMA)-
grafted Er2O3 colloidal nanocomposite particles using a simple technique which 
will be a potential material for active POF. Nano erbium oxide (Er2O3) particles 
were synthesized by mixing Erbium nitrate (Er(NO3)3·5H2O) and urea (CO(NH2)2) in 
dimethyl formamide (DMF) following optimized reaction condition. The 
synthesized particle is then en-capsulated using 3-methacyloxypropyltrimethoxy 
silane (MPS) followed by drying in a vacuum. In-situ polymerization of MMA was 
performed using benzoyl peroxide as initiator in toluene medium and blended 
with PS using tetrahydrofuran as a solvent prior to coating on glass slide. UV-vis 
spectroscopic measurement revealed optimum particle size (15-35 nm) to 
achieve optical transparency.  The Shape of particle and their sizes were 
evaluated from FESEM, SEM are in good agreement with the particle size analysis 
data. XRD of synthesized particle and film confirms presence of Er2O3 nano-crystal 
while refractive index of the film measured by prism coupler indicates RI > 1.5 at 
589 nm wavelength. All observed result indicates synthesized material is a 
potential candidate for active core material in fabrication of POF.  
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Polypropylene based composites are getting better attention by research 
community because of sturdiness and tailorable mechanical properties. The 
mechanical properties, such as, tensile properties of polypropylene (PP) based 
SEBS copolymer are investigated with varied concentration of SEBS-g-MA 
copolymer from 0 to 20 wt%. It was observed from the stress strain curve that the 
pure polypropylene showed rubbery deformation. It was also observed that 
Young’s modulus decreases with increasing wt% of SEBS, which may be due to 
flexible nature of copolymer.  The area under the curve increases with increasing 
wt% of SEBS, which indicates the enhancement of energy absorption properties 
of the composites. The effect of salt spray on Young’s modulus was also 
investigated to study the degradation properties. 
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We report the preparation and properties of optically transparent 
polymethylmethacrylate (PMMA)/clay nanocomposites through the conventional 
methods of nanocomposites preparation (melt blending and solution blending) 
leading mainly to the exfoliation of thermally stable phosphonium modified 
organoclay. The organic modification of the sodium montmorillonite (Na-MMT) 
was done by the inclusion of (Methoxymethyl)triphenylphosphonium chloride 
(MOMTPPC) ion inside the layer spacing of Na-MMT clay through ion exchange 
reaction. The resulting quaternary phosphonium modified organoclay showed 
outstanding stability against thermal degradation in isothermal TGA analysis at 
the processing temperature of PC (190_C). Wide angle X-ray diffraction (WAXD) 
and transmission electron microscopy (TEM) studies revealed that the MMT layers 
were well exfoliated at lower loading (0.5 phr) of MOMTPPC-MMT, whereas, 
presence of a mixed clay morphology of exfoliation with minor intercalation was 
obtained at higher loading (1 phr) of the clay in both the melt and solution 
blended PMMA/MOMTPPC-MMT nanocomposites. The tensile strength and 
Young modulus were increased, whereas, elongation at break was decreased with 
increase in clay loading in both the melt and solution blended MOMTPPC-MMT 
nanocomposites. The thermo-mechanical properties of the nanocomposites were 
superior to that of the neat PC in both the glassy and rubbery regions. The optical 
transparency of PC was retained without development of any colour in the 
PMMA/MOMTPPC-MMT nanocomposites. 

Keywords: PMMA, Na-MMT, Nanocomposites, Transparent, Thermal Stability. 
References 
[1]  Ray   SS, O k a m o t o M.   Polymer/layered silicate nanocomposites: a review  from preparation  

to  processing. Prog Polym Sci  2003;28: 1539–641. 
[2]    Usuki A, Hasegawa N, Kato M.  Polymer-clay nanocomposites. Adv Polym Sci 2005; 179:135-95. 
[3]  Pavlidoua S, Papaspyrides CD. A review on polymer-layered silicate nanocomposites.  Prog 

Polym Sci 2008; 33:1119–98. 
[4]  Chen TK, Tien YI, Wei KH.  Synthesis and characterization of novel segmented       

polyurethane/clay nanocomposites. Polymer 2000; 41:1345–53. 
[5]  Najafi N ,   Heuzey  MC,   Carreau  PJ.  Polylactide   (PLA)-clay nanocomposites prepared by m e lt  

compounding in the presence of a chain extender. Compos Sci Technol 2012; 72:608–15. 
[6]    Cho J W ,  Paul DR.  Nylon 6 nanocomposites  by  melt compounding. Polymer 2001; 42:1083–

94. 
[7]    Dalir H, Farahani RD, Nhim V, Samson B, Levesque M,  Therriault  D. Preparation  of   highly  

exfoliated  polyester-clay  nanocomposites: process-property correlations. Langmuir 2012; 
28:791–803. 

[8]    Messersmith PB,  Giannelis EP.  Synthesis and barrier properties of poly(e-capro1actone)-
layered silicate nanocomposites. J Polym  Sci Polym Chem 1995;33:1047–57. 



366 

 

Polyphenylene sulfide based conducting hybrid 
composites: effect of aspect ratio of second conducting 

filler on the electrical percolation 

B.T.S. Ramanujam1*, S. Radhakrishnan2 
1. School of Engineering and Technology, Navrachana University, Vadodara, Gurajat 

2. Research, Innovation center, Maharastra Institute of Technology, Pune, Maharashtra 
*ramanujambts@nuv.ac.in 

Electrically conducting polymer composites are being focused due to their 
demand in various applications such as Fuel cell bipolar plates1, EMI shielding 
devices2 etc. As polymer based composites offer excellent flexibility due to easy 
processing, light weight, reduced cost, they are in high demand as alternatives for 
conventional materials. Every application demands certain level of electrical 
conductivity along with other properties such as mechanical and thermal, the 
required level of electrical conductivity is obtained by careful selection of fillers. 
Conducting fillers such as graphite, metal fibers etc. can be added to insulating 
polymer matrix to make the resulting composite electrically conducting. In binary 
composites, at a particular loading of conducting filler known as percolation 
threshold (φc), the electrical conductivity shoots up to many orders. The electrical 
percolation threshold depends on filler particle size, aspect ratio, orientation, 
processing routes along with the characteristics of the polymer matrix. For easy 
processing, it is advisable to keep the percolation threshold as minimum as 
possible. In this regard nanofillers such as carbon nanofiber, carbon nanotubes, 
graphene etc. are being focused.  
Polyphenylene sulfide (PPS) is a high temperature semicrystalline thermoplastic 
which exhibits better dimensional stability, creep resistance etc. Powder mixed 
PPS-graphite binary composites exhibits percolation threshold at 7 wt% graphite 
loading.  In PPS-7 wt% graphite, second conducting fillers such as carbon black, 
sonicated expanded graphite and carbon nanofibers were mixed to make 
conducting hybrid composites. The electrical percolation threshold was reduced 
with respect to the aspect ratio of the second conducting filler. It has been found 
that the second conducting filler occupies inter graphite space and hence the 
barrier for the charge transport has been reduced considerably. Hence detailed 
analysis of electrical properties of these hybrid composites along with the 
corresponding binary composites will be presented.  
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Here, we have designed organic–inorganic light harvesting assemblies in which 
highly efficient resonance energy transfer occurs from CdTe quantum dots 
(donors) to Nile Red dye (acceptor) encapsulated polymer nanoparticles. Our 
motivation is to develop an assembly where the quantum dots (QDs) will absorb 
visible light as an antenna material, followed by the funnelling of the exciton to 
an acceptor molecule (the Nile Red dye), which is confined in polymer 
nanoparticles in order to enhance their energy transfer efficiency. An ionic liquid 
is used to prepare the positively charged Nile Red (NR) dye encapsulated 
poly(methyl methacrylate) (PMMA) polymer nanoparticles. Then, the negatively 
charged thioglycolic acid capped CdTe QDs are attached to the surface of the 
polymer nanoparticles by electrostatic interaction. The drastic quenching of the 
photoluminescence (60%) and the shortening of the decay time of the CdTe QDs 
imply an efficient energy transfer (73%) from the CdTe QDs to the NR dye doped 
PMMA nanoparticles. Time resolved anisotropy decay measurements reveal the 
rotational motion of the dye molecules inside the PMMA nanoparticles. 
Interesting findings reveal that the efficient energy transfer in the organic–
inorganic assemblies may open up new possibilities for the design of an artificial 
light harvesting system for future applications. 
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Statistical approaches including Taguchi design of experiments (DOE), analysis of 
variance (ANOVA), and multiple linear regression analysis were taken to evaluate 
the optimum processing conditions for the preparation of thermoplastic 
vulcanizate nanocomposite (TPVNC) based on thermoplastic polyurethane 
(TPU)/millable polyurethane (MPU) blend incorporated with Cloisite 30B (C30B) of 
composition TPU/MPU/C30B = 50/50/3 wt/wt/wt using an internal batch mixer. 
Total numbers of mixing layouts were designed by the application of Taguchi’s 
orthogonal array (OA) methodology based on three parameters and three levels 
in the L9 selector matrix model. Mechanical properties of all the runs were 
measured and fitted into the statistical software to determine the signal to noise 
(S/N) ratio. Ranks of the parameters were determined based on the delta statistics 
of the larger is better case of the S/N ratio. The ANOVA parameters were analyzed 
and percentage contribution of each factor, along with the correlation co-
efficient of each variable was measured. The multiple linear regression models for 
each property were correlated with the parameters through mathematical 
equations. Fourier transform infrared (FTIR) analysis was performed to examine 
the existence of interfacial interactions between polyurethane matrices and 
organoclays. X-ray diffraction (XRD) analysis and field emission transmission 
electron microscope (FE-TEM) were employed to analyze the dispersion of 
organoclays in the polyurethane matrix. Field emission scanning electron 

microscope (FE-SEM) 
was employed to 
observe cryo-fractured 
morphology. Dynamic 
mechanical analysis 
(DMA) and dynamic 

shear rheometer (DSR) were used to investigate the dynamic mechanical 
properties and rheological properties of the trials, respectively. Based on all of 
these characterizations, an optimum processing condition was established. 
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Epoxy adhesives are largely used adhesive types for joining similar and dissimilar 
materials.In order to enhance the strength of epoxy adhesive joint, 
differentnanofillerssuch as carbon nanotubes (CNTs)[1], aluminum oxide (Al2O3), 
silica (SiO2)[2]etc. have been used. In this present study, different types of carbon 
nanofillerssuch as multiwalled carbon nanotubes (MWCNTs), graphene 
nanoplatelets (GNPs) and carbon nanohorns (CNHs) of different amounts 0.2, 0.5, 
1 and 2wt.% were dispersed using Brabender®Plasti-Corder®. Rheological studies 
were done to observe the effect of carbon nanofillersaddition on the viscosity of 
epoxy resin at different shear rates.The adhesive lap joints were tested using the 
ASTM standard test D1002.  It was found that the lap shear strength of the 
adhesive bonded joints increased with increase incarbon nanofillercontent up to 
the level of extentconsiderd as optimum.Increase in the amount of the carbon 
nanofillersbeyond a certain weight fraction in the adhesive, reduced the strength 
of the joint. The effect of density and specific surface area of nanofillers on 
adhesive strength was studied. Dispersion of carbon nanofiller in epoxy matrix 
was studied using HRSEM and it was observed that the dispersion of the carbon 
nanofillers was poor at higher content. Amongthe three nanofillers, MWCNTs are 
found to be most effective at higher loading while GNPs were better at lower 
loading of the filler content. The mechanical properties of adhesive joints change 
with aging for long term durations at different temperatues and relative humidity 
conditions [3]. In this work, aging studies of the neat and 0.5 wt.% carbon nano-
filled epoxy adhesive joints were carried out at elevated temperature and higher 
relative humidity conditions. The mechanical behavior of aged specimens were 
investigated and the failure mechanisms were also studied. 
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Polypropylene (PP), a member of Polyolefin’s family is lightest amongst all. PP 
passes higher softening temperature, lower shrinkage and excellent 
environmental crack resistance. This versatile polymer is used for molded articles 
for house hold and medical application; however, largest applications are in films 
like Biaxial oriented polypropylene (BOPP) and automobile components. This 
chemically neutral polymer, gives edge of advantage in many applications, but 
poses serious limitation while decorating these objects. In order to alter the 
topology for improving the paint adhesion on this chemically inert material, 
surface preparation and treatment is necessary. However for bigger objects like 
automobile bumpers Chlorinated polypropylene (CPP) coat as primer is essential. 
In this endeavour the extra step of surface treatment and surface preparation is 
eliminated which adds Volatile organic compound (VOC) in the atmosphere and 
may deteriorate the mechanical properties of the object. For this blend and 
nanocomposites of PP are made in order to alter the surface characteristics and 
with the help of advanced characterization tools like Atomic force Microscopy 
(AFM) and Contact angle measurement the properties are evaluated. 
 

Key Words: Polyolefin, polypropylene, blend, nanocomposites, topology, paint adhesion. 
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We study the suspension to gel transformation process caused due to addition of 
tiny amounts of a secondary, immiscible fluid. Suspensions of Ultra High 
Molecular Weight Polyethylene (UHMWPE) particles in a density matched 
medium show a dramatic change in its flowability characteristics upon addition of 
small amount of PDMS as a secondary fluid. These flowability characteristics, as 
determined using steady unidirectional and oscillatory rheology, point towards 
the formation of a gel. The strength of the gel, obtained in terms of moduli and 
yield stress, shows significant dependence on the suspension volume fraction 
and the amount of secondary liquid used. The driving force behind such gel 
formation is anticipated to be due to relative wettability of the primary and 
secondary liquid with respect to particle surface [1, 2]. 
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In this work we demonstrate a new, efficient and environment friendly procedure 
of reduction of grahene oxide (GO), prepared by a standard laboratory procedure, 
the Modified Hummers' Method. The reducing agent used is the extract of 
blackberry seeds, prepared by boiling these dried and powdered seeds for two 
hours. When sonicated GO and the extract are mixed in a 1:1 ratio by volume and 
processed in a microwave oven for 16-20 minutes, completely reduced graphene 
oxide (RGO) is obtained. The product has been characterized using UV, FTIR and 
Raman spectroscopy as well as by X-ray diffraction, scanning electron microscopy 
and TGA. All these analytical techniques have provided conclusive evidence 
about the completeness of the reduction process. The resulting RGO is then 
mixed with  chitosan solutions to form mixtures with different percentages of the 
polymer. These mixtures are then cast into films on Petri dishes. The mechanical 
properties of these films are then studied to find out the optimum composition in 
the mixture, for which the film, now actually a composite of graphene with 
chitosan shows the best mechanical properties.  
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Natural polymer based composite have shown significant role in bone tissue 
engineering with their properties being attributed to their origin and/or chemical 
modifications(1).They have been intensively studied for their contribution in the 
field of bone tissue engineering.Fabrication of a polymer based artificial graft 
enable regeneration of bone in defective cases. In this study, hybrid 
compositeswere successfully fabricated by biomimetic (2) approach from 
Hydroxyapatite (Ha)/ gelatin (Gel)/ chitosan (CS) in the pore-size ranging from 
~200-500 µm. The effect of process parameters on the composite efficiency was 
determined by varying the same in order to assess their application in bone tissue 
engineering. 
In order to verify the effectiveness of the composite, the prepared composite 
(CS/HA) was characterized in comparison to the conventional composite using 
SEM, FTIR,TGA, DSC and XRD analysis. Studies to determinemorphological, 
mechanical and thermal properties were done too. This study showed that 
apatite-coated CS composite hold the potential to be the prospective candidate 
osteogenicsystem for enhancing bone tissue regeneration applications. 
Bioactivity of the scaffolds was directly dependent on the content in the samples 
according to the results.Ha/CS containing polymericcomposites synthesised 
could be promising scaffolds for bone tissue engineering. 
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Poly(butylene adipate-co-terephthalate) (PBAT) nanocomposites films are 
prepared by a solution intercalation process using natural montmorillonite (MMT) 
and cetyltrimethylammonium bromide (CTAB)-modified montmorillonite 
(CMMT). Cation exchange technique has been used for modification of MMT by 
CTAB and characterized by X-ray diffraction (XRD) studies. CMMT gives better 
dispersion in the PBAT matrix than MMT and is confirmed by XRD. Because of 
better compatibility of CMMT, water vapor transmission rate of PBAT decreases 
more in the presence of CMMT than MMT. The biodegradability of PBAT and its 
nanocomposite films are studied in compost and from the morphological analysis 
it is apparent that the PBAT/CMMT shows a lower biodegradation rate in 
comparison to the PBAT / MMT. The antimicrobial activity of PBAT and its 
nanocomposite films is tested by an inhibition zone method using two 
pathogenic bacteria such as Bacillus subtilis and Staphylococcus aureus.  

 
Table: Zone of inhibition of those film samples against Bacillus subtilis 

and Staphylococcus aureus. 
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Functionalization of poly(vinylidene fluoride) (PVDF) nanohybrid has been 
performed in template system using two-dimensional layered silicate and 
superior fuel cell membrane has been demonstrated. Sulfonation of nanohybrid 
has been carried out at control condition to maintain the mechanical stiffness and 
toughness of the membrane using chlorosulfonic acid and the results have been 
compared with pure PVDF. The sulfonation and its relative extent have been 
confirmed through NMR, FTIR and UV-Vis measurements showing greater degree 
of functionalization in nanohybrid which arises from the specific arrangement of 
polymer chains on top of nanoplatelets. The structural change over from 
common crystallized form  to piezoelectric  phase in nanohybrid has been 
established and the amount of  phase has been enhanced after sulfonation as 
evident from deconvoluted XRD patterns and DSC measurement. A plausible 
mechanism has been proposed for this improvement which led to the formation 
of smart membrane. Essential criteria of an ideal membrane have been verified 
through high water uptake, low permeability and hydrophilic nature by 
measuring contact angle. The molecular level clustering due to the attachment of 
sulfonate group in main chain has been explored which in turn explain the higher 
barrier property both for gas and liquid (fuel). Proton conductivity of 
functionalized nanohybrid has been found to be quite high along with 

significantly low methanol cross over as compared 
to standard Nafion membrane. I-V characteristics 
of the nanohybrid membrane show high potential 
at low current density with considerably lower 
value of slope. Membrane electrode assembly 
using functionalized nanohybrid exhibit 
significantly high value of current density and 
prove its worth for superior fuel cell membrane 
using common thermoplastic polymer.  
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Polythiophenes are an important class of conjugated polymers that are 
environmentally stable, structurally versatile and have found many applications in 
light emitting diodes, solar cells, memory devices, thin film transistors and 
chemical sensors. Conjugated polymeric films with metal nanoparticles have 
attracted much attention due to their enhanced catalytic, electrical, sensing and 
electrochemical properties. Several research groups have attempted to 
incorporate gold nanoparticles (AuNPs) into polymeric and polythiophene films 
because of their ease of synthesis and stabilization.  Nicholson et al. synthesized 
composite poly (3-hexylthiophene)/dodecanethiolate protected AuNP LB films 
and observed a significant increase in the visible photoluminescence of the 
polythiophene.1Zhai and McCullough demonstrated a one-pot approach to 
assemble and wrap the polythiophene around AuNPs and their application in 
field effect transistors.2 
We have tried to attach thiol-capped AuNps with poly (3-dodecylthiophene) 
(P3DDT) in a mixed solvent (good and poor) environment. P3DDT shows 
enhancement of the degree of crystallinity in mixed solvent.3At room 
temperature we have observed nice attachment of AuNps on the surrounding 

wall of P3DDT nanocores (coil-like or rod-like 
structures) by TEM (shown in fig.1). The UV-vis 
absorption spectra show the change in interaction 
due to incorporation of AuNps. This type of 
attachment will enhance the conductivity as well as 
luminescence of P3DDT. 
 

Fig.1: TEM Image 
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State of dispersion of organically (sodium salt of adipic acid, Na-AA) modified 
multiwalled carbon nanotubes (m-MWNTs)was investigated in poly (vinylidene 
fluoride) (PVDF) matrix. Various characterization techniques viz., transmission 
electron microscopic (TEM) observation and Raman spectroscopic analysis were 
employed to compare the extent of dispersion of as received (MWNTs) as well as 
m-MWNTs in the aqueous medium. PVDF/MWNTs composites were prepared in a 
conical twin-screw micro-compounder. The dispersion extent of m-MWNTs in the 
PVDF matrix was investigated using transmission electron microscopic (FEG-TEM) 
analysis. Composite films were prepared by compression molding machine. 
Crystallization studies indicated that MWNTs could act as hetero-nucleating agent 
for developing β -crystalline phase in PVDF film. Initial stretching of the film was 
carried out using Universal Testing Machine (UTM), however,a significant extent 
of stretching could not be achieved. To develop piezoelectric property, the film 
samples were polled in the silicon bath and simultaneous stretching was carried 
out in a stretching device, which was developed in-house. The influence of 
MWNTs on the crystal structure and the crystallinity ofPVDF/MWNTs composites 
were investigated. Wide angle X-ray diffraction analysis and FTIR spectroscopic 
analysis were carried out to determine the formation and the content of the β 
phase in the composite samples. Dielectric property of the composite samples 
was also investigated. An attempt has been made to correlate ‘structure-property’ 
relation studies in PVDF/MWNTs composites.  
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The present work is focused to study the influence of an aromatic compound in 
compatibilizing PP and hypalon based TPV system. The compatibilizer used here 
is a copolymer of styrene & maleic anhydride in which some fragments of the 
maleic compound has been esterifies with methyl alcohol to incorporate some 
hydrocarbon fraction as methoxyl group and to reduce the hydrophilic nature so 
as to enhance the compatibility of PP and hypalon. The unvulcanized 
compounded HypalonVR was subsequently blended with PP and compatibilizer 
copolymer of styrene & maleic anhydride (PMES/MA) in different proportions (2.5, 
5, 7.5, 10) at 1700C for 10 min in a Brabender mixer with the help of two rotors 
housed in a case at the speed of 80 rpm.16 The HypalonVR -PP blend was 
collected as a lump form. The sheet form with required thickness of such blends 
was prepared from its lump in a two-roll mill.  The TPV was then evaluated with 
respect to the physical, mechanical, and thermal properties in relation to their 
morphological and rheological properties and the same were compared to that of 
virgin PP and amongst themselves. The mechanical analysis of the prepared TPVs 
exhibited significant improvements in stress at 25% modulus, ultimate tensile 
strength (UTS), and hardness values. FTIR studies revealed that a chemical 
interaction had taken place between HypalonVR and functionalized 
compatibilizer during the process of dynamic vulcanization which led to an 
enhancement of interfacial adhesion between them. The two-phase 
morphologies were clearly observed by scanning electron microscopic studies. 
The Tg values of HypalonVR was modified in the TPVs as exhibited by differential 
scanning calorimetric studies. TGA studies indicated the increase in thermal 
stability of all TPVs with respect to the elastomeric HypalonVR . Rheological 
properties showed that the compatibilizer reduces the melt viscosity of TPVs and 
thus facilitates the processibility of such TPVs 
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 In this research work bio-composites based on Poly(lactic acid)(PLA)/Jute fibers 
were prepared using twin screw extruder.  Prior to the compounding, Jute fibers 
were chopped properly in the average size of 1-3 mm and then surface modified 
using alkali (JFNA) and alkali followed by silane (JFNASI). These prepared 
biocomposites were characterized by various techniques e.g.- mechanical, 
morphological and thermal.  Results shows that composites reinforced using 
JFNA and JFNASI shows improved mechanical, morphological and thermal 
properties then the composites reinforced using untreated jute fibers (UJF). 
 

Key words: Biocomposites; Mechanical properties; Thermal properties 
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The present study focused on fabrications of bio-composites of PLA with varying 
concentration (0-30 weight %) of lignin using twin screw co-rotating extruder 
followed by test specimens’ preparation using injection and compression 
molding. The thermal behaviour of bio-composites was studied from thermo-
gravimetric analysis (TGA) and differential scanning calorimetry (DSC) while 
thermo mechanical properties were analysed by dynamical mechanical analyser 
(DMA) technique. Thermo-gravimetrical analysis results revealed that char 
percentage increased with increasing lignin contents. However, slight reduction 
in onset thermal degradation and final degradation temperatures were observed. 
DSC results narrated depression in glass transition temperature, reduction in 
crystallinity and increase in cold crystallisation temperature. FT-IR spectra indicate 
the existence of intermolecular interaction between PLA and lignin. Study of 
mechanical properties of the composites indicated increase in Young’s modulus. 
However, the impact strength, the tensile strength and the elongation-at-break 
are slightly decreased. DMA measurements showed increase in storage modulus, 
decrease in loss modulus and lower side shift in glass transition temperature. 
These findings show that the PLA and lignin bio-composites are promising 
materials compared with other biodegradable polymers, because the thermal 
stability, mechanical properties and cost are at acceptable level.   

 
Keywords: Poly(lactic acid), bio-degradable, crystallinity, composite.  
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Polylactide (PLA) was plasticized with poly (ethylene glycol) (PEG) of molecular 
weight 4000 g/mol in varying concentration (0-30 wt %) by melt blending 
method. Viscoelastic properties were studied by dynamic mechanical analysis 
(DMA). DMA showed that as the PEG content increases, storage modulus and loss 
modulus decrease. Ten δ curve s show that with increase in PEG content glass 
transition temperature of PLA decrease. Capillary rheometry was used to analyse 
melt rheological properties of PLA and PLA/PEG blends. It shows that both PLA 
and PLA/PEG blends behaved as non-Newtonian fluids. The shear viscosity of 
PLA/PEG blends were lower than that of pure PLA and decreased considerably 
with enhancing PEG content. 
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Fiber reinforced rubber composites are of immense importance both in the 
industrial field and in the area of research and development. The properties like 
tensile strength, elasticity, ductility, impact strength, abrasion resistance etc. of 
rubber can be improved by the incorporation of fibrous fillers. Short fibers 
obtained from agricultural resources are usually of lower density than inorganic 
fibers, environmentally friendly and relatively easy to obtain. Researchers have 
got momentum on the utilization of natural and biofibers as reinforcing agents in 
polymeric matrices for making composites for wide range of applications1-3. 
Chicken feathers are easily accessible fiber resource generated by poultry 
industry. The feathers are made of keratin, which contains ordered α -helix or β -
sheet structures and some disordered structures. Chicken feathers possess unique 
properties which could be used advantageously in a number of applications. Use 
of chicken feathers as reinforcing agents for polymers has been tried by various 
researchers 4. Chicken feather fiber was used as reinforcing agent in styrene 
butadiene rubber (SBR).  Fibers of almost similar length and diameter were   
mixed into SBR using a Two Roll Mixing Mill.  The mechanical and thermal 
properties of the composites were analysed as a function of fiber loading. The 
results indicate that feather fiber improves the mechanical properties and glass 
transition temperature of the rubber. Scanning electron microscopy revealed 
some interaction between the rubbers and feather fiber. 

Key words: Composites ,SBR, chicken feather 
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DC conductivity, AC conductivity, dielectric constant, and dielectric loss factor of 
PVDF–MWCNT composites increase with the increase in MWCNT concentration. 
There is sharp increase in DC conductivity at 1 wt% MWCNT loading thereafter 
the DC conductivity increases relatively slowly with further increase of MWCNT 
loading. The composites conductivity decreases with the increase in temperature, 
which indicates that these composites can be used as pyro-electric sensors. The 
relative DC conductivity for 1wt% MWCNT loaded composite is found higher to 
that of 5 wt% loaded composite. The heating-cooling cycle shows electrical 

hysteresis where there exist an electrical set. The semi-
transparent composites can be used in aerospace industry 
as ESD materials. The predicted theoretical conductivity by 
Voet, Bueche, Scarisbrick, and Rahaman models is not in 
well agreement with their experimental conductivity 
results. However, the conductivity predicted by modified 
Scarisbrick and Rahaman models is found to be in well 
agreement with the present experimental results (PVDF–
MWCNT composites) as well as with the conductivity results 
in published literature. 

 
Figure: DC conductivity modelling (a) Modified Scarisbrick model (b) 
Modified Rahaman model 
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Body armor designers and manufacturers face constant challenges for 
improvement with continuous increase in the velocity and profiled shape of 
projectiles. Reduction of weight and enhancing the flexibility of body armors 
have been the major concerns for the researchers. Body armor materials need to 
be developed to provide better impact resistance while maintaining its flexibility 
and reducing the weight. Treatment of shear thickening fluid (STF) on high 
performance textiles is one of the ways to achieve the same. Present paper deals 
with the analysis of impact energy absorption mechanisms by STF treated p-
aramid (Kevlar) fabrics in dynamic impact testing. A comparative study of the 
mechanism was carried out for untreated and STF treated Kevlar fabrics. Three 
distinct zones of energy absorption were identified and were named as elastic 
zone, slippage/ breakage zone and failure zone. It is observed that in the case of 
untreated Kevlar fabrics, only primary yarns, which are engaged by the impactor, 
participate in energy absorption during impact and hence the amount of energy 
absorbed is low. The primary yarns form long loops but the rest of the fabric 
remains undisturbed. However, in case of STF treated Kevlar fabrics, the STF is 
transformed into a solid like material during impact. Therefore, the entire 
structure, which includes both the primary and secondary yarns, participates in 
energy absorption. It is found that as compared to untreated fabrics, STF treated 
Kevlar fabric absorbs almost double amount of the total energy during impact 
and shows a significantly improved impact resistance. 
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Our previous studies aimed to investigate the biodegradation of γ-sterilized 
polyolefins in composting and microbial culture environments at different doses 
and γ-dose rates.  It was concluded from the previous studies that the 
pretreatment of γ-irradiation can accelerate the biodegradation of neat polymer 
matrix in biotic conditions significantly. A similar work was carried out to study 
the stabilization of γ-sterilized polyolefins using different mixtures of stabilizers 
which are approved for food-contact applications. Isotactic polypropylene (iPP), 
and ethylene-propylene (EP) copolymer have been melt-mixed with hindered 
amine stabilizers (HAS), phenolic antioxidants and hydroperoxide decomposers. 
Results were discussed by comparing the stabilizing efficiency, combination and 
consumption of stabilizers and the synergistic and antagonistic effects was 
explained through the interaction between the stabilizers. In this attempt, we 
have aimed to study the influence of the synergistic and antagonistic mixtures of 
oligomeric stabilizers on the biodegradation of the γ-irradiated polyolefins in 
composting and microbial culture. Neat and stabilized films of iPP and EP were 
irradiated under γ-radiation and incubated in compost and fungal culture 
environments. The changes in functional groups, surface morphology, 
mechanical properties and intrinsic viscosity in polymer chains were 
characterized by FT-IR spectroscopy, SEM, instron and viscometric measurements 
respectively. Results were discussed by comparing the effect of different 
stabilizers, stabilizers mixtures on the biodegradation of the γ-irradiated 
polyolefins. It was found that the biodegradation significantly depends on the 
components of stabilization system, mobility, interaction and consumption of 
stabilizers. It was concluded that the combination of different types of stabilizers 
can accelerate the biodegradation of γ-stabilized polymer matrix in biotic 
conditions. 
 
Key words: Polyolefins, Biodegradation, γ- irradiation, Stabilization. 

  



386 

 

Synthesis of Low Molecular weight Compatibilizers 
(CA-26) for Preparation of Jute Based Biocomposites  

D. P. Ray, L. Ammayappan, S. Debnath, R. K. Ghosh, D. Mondal,  
S. Dasgupta, S. Chakroborty, Md. S. Islam 

ICAR-National Institute of Research on Jute and Allied Fibre Technology 
Indian Council of Agricultural Research, 12 Regent Park, Kolkata-700040 

 

 

The modification of natural fibre is a foremost prioritized area of the research at 
present to obtain the durable natural fibre based composites. Jute is one of the 
most potential natural fibre which is being ventured for bio and green 
composites. It is often termed as the golden fibre not only because of it’s golden 
luster but also due to its economic values. The use of natural fibre as a 
replacement to the non degradable synthetics is the major call of the day. The 
major drawback of the natural fibres is its water absorption property or 
hydrophilicity of which leads to the incompatibility between the fibre and the 
polymer matrix. This incompatibility is mainly due to the hydrophobic nature of 
polymer matrix, which in turn hinders proper interfacial bonding amid the matrix 
and the fibre. Therefore, an extensive study has been carried out for the synthesis 
of a suitable chemical compatibilizers which acts as a bridging agent between the 
polar jute fibre and the non polar polymer matrix thus  inducing hydrophobicity 
in the composite materials. This chemical compatibilizer is basically combination 
of small molecules that reacts with the fibre surface improving the degree of 
cross- linking in the interface region. This improved bonding plays the major role 
in offering a perfect chemical bonding with the matrix material. This compound is 
generally characterized by being of dual or multiple functionality. Thus a 
chemical bridge between the fibre surface and the polymers matrix complements 
the formation of the jute based biocomposites. Thus a chemical compatibilizer 
was synthesized using a required ratio of an acid and a glycol (CA-26). Composites 
were prepared using jute fabrics treated at different ratio of the synthesized 
compatibilizers. The composites were tested at INSTRON for its mechanical 
properties. The tensile strength increased by nearly 30-35%, Flexural by nearly 
25% and ILSS by nearly 17-20%. 
 

Keywords: Jute, Bio Composites, Hydrophilicity, Hydrophobicity, Compatibilizer, INSTRON 
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Polymers both synthetic and natural, due to their broad range of properties play 
an essential role in everyday life. Polymers especially thermoplastics possess 
distinct thermal properties which help us to classify them and more importantly 
to study the influence of one or more impurities or additives. This paper 
highlights some of the application examples using established techniques such 
as Differential scanning calorimeter (DSC) and simultaneous thermal analyzer 
(STA). 

 
Key word: glass transition, melting, crystallization, oxidative stability, decomposition. 
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A mesoporous polyaniline/silver (mPANI/Ag) nanocomposite has been prepared 
using mesoporous conducting polymer polyaniline with silver nitrate via radical 
polymerization of aniline monomer in the presence of hydrochloric acid. The 
mPANI/Ag nanocomposite has been characterized by powder XRD, TEM, EDX, FT-
IR and UV-vis.  
Nanocomposites formed by metal nanoparticles (NPs) dispersed in electrically 
conducting polymer, polyaniline, are expected to display several synergistic 
properties between the polymer and the metal nanoparticles, making them 
potential candidates for application in several fields such as catalysis and others.  
Polyaniline (PANI) is a conducting polymer of particular interest, due to its ease of 
preparation, high conductivity and good environmental stability. The choice of 
Ag in our work is mainly guided by its highest electrical conductivity among all 
the metals as well as its enhanced catalytic activity [1]. 
So, in our study, we attempt to use mPANI/Ag as a potential catalyst for various 
organic reactions like acylation of amines, alcohols and thiophenols using acetic 
acid as acylating agent. This catalyst can be easily separated by using a simple 
filtration technique and can be reused five times without significant loss of 
catalytic activity [2]. 
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The study of non-isothermal crystallization kinetics of PP/SEBS-g-MA/Wood Flour 
composites was done by differential scanning calorimetry at four different 
cooling rates 10, 15, 20 and 30⁰ C/min. The crystallization properties were 
analysed by Avrami, Jeziorny and Liu models. Primary and secondary 
crystallization processes were described by Avrami equation. The Avrami 
equation describes about primary and secondary crystallization processes. 
Avrami model showed that all types of shapes grow from small dimensions 
during primary crystallization.  However, three dimensional crystal growth was 
observed during secondary crystallization process. The composites was not 
nucleated by wood flour. Augis-Bennet, Kissinger and Takhore models have been 
used to calculate activation energy, E, during non-isothermal crystallization 
process. The value of E decreased with wood flour up to Φ f=0.08 which showed 
chains of PP not hindered by wood flour. However, at Φ f≥0.15 E increased due 
to phase adhesion. 
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Graphene quantum dots (GQDs) with their edge-bound nanometer-size present 
extraordinary characteristics due to quantum confinement and edge effects. We 
report an ultrasonic approach with chemical activation to prepare activated GQDs 
enriched with both free and bound edges. Compared to GQDs, the aGQDs we 
synthesized had enhancement of BET surface area by a factor of six, 
photoluminescence intensity by five-fold and electro-capacitance by a factor of 
two. 
Unlike their non-activated counterparts, the new GQDs with enhanced edge 
states emit intense luminescence and exhibit electrochemical double layer 
capacitance greater than that of graphene and activated graphene. They hold 
significant potential for use  in supercapacitors and biomedical applications. 
Though deviations in capacitance are observed due to the increase of charge 
transfer resistance and the slower ion diffusion in the thicker electrode, the 
capacitance values are of similar magnitude. 
The hierarchy in capacitance values for all samples (aGQDs> aFLGs> GQDs> FGs), 
both thin and thick films were maintained. These results indicate that chemically 
activated graphene quantum dots with lower mass loading could be beneficial 
for applications for the next generation of miniaturized energy storage devices 
such as electrochemical micro-supercapacitors. The outstanding photo-
luminescence is useful for applications in bio-imaging, light-emitting diodes and 
optoelectronics. 
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Lithium-ion batteries (LIBs) have taken the lead position among the various 
energy storage devices being used in consumer electronics including portable 
gadgets. The high capacity variants of LIBs are the preferred secondary power 
source for satellites. They are also emerging fast as the power sources for electric 
and hybrid-electric vehicles. LIBs gained wide spread acceptance for such varied 
applications because of their unique properties including high specific energy 
(both in terms of mass and volume), low self-discharge, high calendar life, high 
cycle life and high-power capability. The LIB technology is based on the shuttling 
of Li+ ions between the electrodes during charge-discharge reactions through the 
ion-conducting separator. The performance of LIB is decided mainly by the 
properties of cathode, anode, electrolyte and separator.  Polymers play a crucial 
role in LIBs. Different polymers are used as cell components such as separator, 
binder, electrolyte, electrode-active material, insulating material and pouch 
packing material. Thus, several new developments in LIB originate from the 
advancements achieved in polymer science and technology. The scope of 
electrode-active polymers for LIB is highlighted in this lecture. 
Functionalized polymers have been developed and found promising as 
electrode-active materials for LIBs in place of the conventional inorganic 
materials. Polymers as active materials impart light weight, flexibility and 
processability to the electrodes and help to realize ultrathin batteries. Electrically 
conducting polymers with π -conjugated skeleton structures, such as polyaniline, 
polypyrrole, polythiophene, and their related derivatives, have been explored as 
electrode-active materials. However, the success of these π-conjugated polymers 
is limited by their insufficient doping levels, resulting in low redox capacities and 
fluctuation of the cell voltage through the doping/de-doping process. Redox-
active radical polymers are emerging electrode-active materials. Polymers with 
pendent nitroxide radicals such as tetramethylpiperidineoxyl (TEMPO) derivatives 
and the oxygen radicals such as phenoxyls and galvinoxyls are typically examined 
as electrode-active materials. The radical polymers allow fabrication of flexible 
thin-film batteries with excellent rate performance which allows instant full 
charging. Polymer-Carbon nano tube composite electrodes are also emerging 
candidates as electrodes.  
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Ternary composites of graphene-silica-polyaniline (GSP) are prepared by 
chemical polymerization of aniline using ammonium persulfate oxidant with 
various amounts of graphene–silica (GS). In the GSP composite, nano fibrous 
form of polyaniline (PANI) is intercalated in the graphene layers and also 
covered the GS. In order to improve the stability of pseudocapacitance 
properties of polyaniline, conductive and mechanically stable GS is used to 
modify the polyaniline material. The symmetric supercapacitor cell is 
fabricated in CR2032 coin cell with GSP composite as electrode and its 
electrochemical performance is evaluated from cyclic voltammetry, charge-
discharge and electrochemical impedance spectroscopy. GSP composite 
yielded higher capacitance and lower equivalent series resistance compared 
to that of its individual components, PANI and GS. The energy density of the 
composite is found to be 10 W h Kg-1 at a power density of 2310 W Kg-1. 
Furthermore, over 75.2% of the original capacitance is retained after 6000 
galvanostatic charge–discharge cycles with a columbic efficiency of 99-100%. 
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PEDOT-PSS has been the work horse of bulk heterojunction solar cells. The 
surface energy of PEDOT-PSS is high and the photoactive materials are low, hence 
there is incompatibility between these two materials. Despite this incompatibility, 
high efficiency organic solar cells (OSCs) have been fabricated using PEDOT-PSS 
as hole transport layer (HTL). We hypothesized that a low surface energy HTL 
would facilitate better interaction between the photoactive and HTL materials. 
Furthermore, the low surface energy HTL can induce crystallization of the 
photoactive materials and improve the charge transport to the electrodes. We 
used a transparent low surface energy HTL to fabricate P3HT-PCBM OSCs with 
efficiency as high as 4.5%. The HTL is based on our previous work on polymer-
surfactant interaction.1 The important features of this cell are (1) no additives were 
used and (2) the ratio of P3HT:PCBM was 1:0.4. The decrease in the PCBM quantity 
is expected to improve the device stability and decrease the cost of the cells.  
The orientation of PCBM with respect to the donor (polymer and small molecule) 
is crucial. PCBM should be close to the electron poor component of the donor 
polymer. To achieve such an orientation, we designed and synthesized electron 
rich-electron poor-electron rich small molecules. The electron rich segment was 
designed in such a way that the PCBM is unlikely to come closer, instead move 
closer to the electron poor segment. The electron poor segments are i-indigo2 
and BODIPY3. As a first step, we measured the charge transport properties of 
these materials and found that µh is as high as 0.5 cm2/Vs. OSCs using these 
donors and PCBM as acceptors have been fabricated.  
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Organic photovoltaic devices (OPVs) have been attracted great attention for their 
advantages of low cost, light weight, and large-area manufacturability. The most 
important breakthrough in OPVs is based on the concept of bulk-heterojunction 
(BHJ) structure in organic active layer, which comprises a blend of a π -conjugated 
polymer as an electron donor (p-type) and a fullerene derivative as an electron 
acceptor (n-type). It is generally accepted that the donor–acceptor (D–A) π -
conjugated copolymers are an important class of p-type OPV materials. 
We have developed novel D–A π -conjugated copolymerscontaining alkyl-
substituteddioxocyclopenta[c]thiophenes or naphtho[2,3-c]thiophene-4,9-diones 
as electron-accepting units (Figure 1) and dithienosilole or dibenzothiophene as 
electron-donating units viaStille coupling polymerizations between the 
brominated acceptor unit and the distannylated donor unit.1,2) These copolymers 
exhibited amorphous nature in the solid state. The BHJ photovoltaic devices 
based ondihexyldioxocyclopenta[c]thiophene–dithienosilole copolymer and 
phenyl-C71-butyric acid methyl ester (PC71BM) showed a power conversion 
efficiency (PCE) of 5.17%under the air mass 1.5 simulated solar illumination. On 
the other hand, a blend of naphtho[2,3-c]thiophene-4,9-dione–dithienosilole 
copolymer and PC71BMexhibited PCE values up to 5.21%. To further improve the 
performances, we optimized the alkyl groups attached to the acceptor unit, the 
synthesis of the copolymers, and active-layer fabrication, and successfully 
achieved a high PCE value up to 7.85%with an open-circuit voltage of 0.86 V, a 
short-circuit current of 14.39 mA cm–2, and a fill factor of 0.64. 

 
Fig. 1.New acceptor units for D–A copolymers. 
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Nanostructured charge percolation pathways for electrons and holes with about 
10 nm size domains hold great promise for exciton dissociation, charge transport 
in organic/hybrid solar cells. The self-assembly principle of block-copolymers is 
often viewed as an efficient way to generate and control such microdomains 
which are in equilibrium. We demonstrate this in fully functionalized donor-
acceptor block copolymers to obtain well-ordered self-assembled morphologies 

as shown below. 
The concept has been recently extended 
to fullerene-grafted block copolymers.In 
this contribution, examples of 
macromolecular design and structural 
control are given, which extend this 

concept of organic systems towards self-assembled hybrid devices. For this 
purpose, we developed amphiphilicblockcopolymers such as PTPD-b-PSS, P3HT-
b-P4VP, etc. in which P4VP or PSS segments can preferentially interact with 
inorganic materials. Once the domain size control is achieved, the next step is the 
desired vertical orientation of the microdomains. Using PTPD-b-PSS, we 
demonstrate the vertical alignment of microdomains using solvent vapor 
annealing method. Thus we demonstrate that the tuning of domain size as well as 
the alignment of the nanostructures in a desired vertical direction are feasible 
with the self-assembly approach using semiconductor block copolymers.In a 
recently developed hybrid perovskite system, we show how the self-assembled 
crystallization from the components/precursors leads to reproducible and highly 
crystalline perovskite solar cells exhibiting high power conversion efficiency of 
13%. 
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Energy harvesting applications for Defence sector 
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Confluence of innovative technologies in every field of science has resulted in the 
development of smart materials and structures. Conventional materials have 
found a passage to functional, then to smart and intelligent materials 
encompassing information science into material’s structure. These materials can 
respond to external stimuli such as temperature, pH, light, electric and magnetic 
field  etc. and the responses are manifested through changes in one or more of 
the characteristics of the materials e.g., shape and size, structure, molecular 
characteristics,  self-assembly  and phase transformation etc. 
Stimuli-sensitive polymers (SSPs) have attractive aspect of reversibility with 
respect to change of temperature, pH, light etc. For example, polythiophene can 
act as a photo-responsive, chitosan as a pH responsive and poly (n-
isopropylacrylamide) as a temperature responsive polymers. R & D works related 
to development of sensors using these materials have been perused. The stimuli 
sensitive fibres and fabrics may be developed by grafting or coating of SSPs on 
them. They find interesting applications in clothing for army personnel in 
Defence for detection, stealth and camouflage applications. Micro-encapsulation 
is a process of enveloping microscopic size droplets or particles of PCMs in a shell 
material. MPCM coated fabrics used in clothing can help buffer/ maintain human 
skin temperature against abruptly changing climatic conditions besides being 
protective to nuclear, biological and chemical (NBC) warfare agents. 
The interest in the field of Dielectric elastomer (DE) has also grown continuously 
over the last two decades. They have been found promising for applications as 
actuators, heel-strike generator, and other inexpensive mode of power 
generation by energy harvesting of human movement, ocean wave or wind flow 
which can offer clean power-generation possibilities. Development of Magneto-
rheological (MR) elastomer, shape-memory elastomers and nano-fluids based 
elastomer nanocomposites has extended the usage of rubbers far beyond their 
traditional use in tyres and other non-tyre products. 
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Some polymeric materials investigated during the course of our research on dye 
sensitized solar cells (DSSC’s) as well as polymeric solar cells (OPV’s) shall be 
discussed. Charge transport characteristics in these materials were characterized 
using time of flight technique as well as CELIV (charge extraction by application of 
a linear voltage) method.  Photovoltaic devices incorporating conjugated 
polymers in conjunction with lead perovskites have also been investigated. These 
devices have yielded fairly high efficiencies. However, device stability under 
ambient conditions is an issue which needs to be addressed. 

 

 
 
 
  



403 

   

Conducting Polymer Based Metal Oxide Nanocomposites 
as Efficient Supercapacitor 

Pintu Sena and Amitabha De*b 
aVariable Energy Cyclotron Centre, 1/AF Bidhannagar, Kolkata 700064, India 
bSaha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata 700064, India 

*E-mail: amitabha.de@saha.ac.in 
 
A nanocomposite material comprising of nanaoparticles of inorganic transition 
metal oxides and conducting polymer like poly 3,4-ethylenedioxythiophene 
(PEDOT) and Polyaniline (PANI) can act as very efficient supercapacitor with 
enhanced specific capacitance value due to synergistic effect. Here we used 
nanaoparticles of two different metal oxides i.e. nickel ferrite (NiFe2O4) and 
manganese dioxide (MnO2) to combine separately with PEDOT or PANI to form 
nanocomposite electrodes to investigate their electrochemical behavior as 
supercapacitor. Nanocrystalline nickel ferrite was synthesized by sol-gel method 
from stoichiometric amount of their nitrates and α - MnO2 nanorod by redox 
reaction between stoichiometric quantities of MnSO4 and KMnO4 in aqueous 
medium. Reverse micro emulsion polymerization in n-hexane medium was 
adopted for PEDOT nanotube formation using different surfactants. The  PANI–
MnO2 nanocomposite  was  chemically  synthesized  by oxidative  polymerization 
of aniline  using  FeCl3 under  controlled conditions in presence MnO2 nanorod. 
Structural morphology and characterization for the nanocomposites were studied 
using XRD, SEM, TEM, IR and XPS. Their electrochemical performances were tested 
using cyclic voltammetry at different scan rates (2-20mV/s) and galvanostatic 
charge-discharge at different constant current densities in acetonitrile containing 
1M LiClO4 electrolyte. Both the Nanocomposite electrodes showed higher specific 
capacitances; for PEDOT- NiFe2O4 (251 F/g) in comparison to NiFe2O4 (127 F/g) 
and PEDOT (156 F/g) and for PEDOT-MnO2 (315 F/g) 
compared to MnO2 (158 F/g) where morphology of the 
pore structure plays a significant role over the total 
surface area. AC impedance measurements were done to 
ascertain contribution of pseudocapacitance in the 
frequency range 10kHz to 10 mHz with a potential 
amplitude of 5mV. 
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NiFe2O4 composite electrodes in acetonitrile containing 1 M LiClO4 electrolyte at a scan rate 2mV/s 
in a potential range between 0 to 1V.  
Cyclic voltammogram of PEDOT–MnO2 composite in acetonitrile containing 1M LiClO4 electrolyte 
at a scan rate (a) 2mV/s, (b) 5mV/s, (c) 10 mV/s (d) 15 mV/s and (e) 20 mV/s in a potential range 
between 0.6 and –0.6 V. 



404 

 

Bulk Heterojunction Polymer based Solar 
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Solution processed bulk-heterojuction solar cells have been intensely pursued 
with the key selling points being “ low-cost, flexible and scalability to large-area” . 
The talk will address the status of this photovoltaic technology based on bulk 
heterojunction polymer semiconductors. Ongoing strategies in our laboratory 
will be highlighted. Issues ranging from material design, charge generation 
mechanisms, charge transport and extraction bottlenecks, morphology and 
microstructure, and stability issues will be discussed. 
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Most of the ions selective electrodes (ISE) reported in literature  are based on  
polyvinyl chloride membranes. These studied have suggested that polyvinyl 
chloride used in fabrication of ISE are able to control the activity and selectivity of 
electroactive agents encapsulated for sensing and quantitation of the  ions in the 
solution. But it is interesting to note that no systematic attempts have been made 
to analyze the influence of the properties of the polymers on the activity and 
selectivity of the electrodes and to prevent the application of anions excluders 
and plasticizers in the electrode membranes. The high molecular weight polyvinyl 
chloride is routinely used in fabrication of ion selective electrodes for different 
cations and anions but these electrodes have shown significant deviations in their 
sensitivity with time due to the leaching of employed anions excluders other 
constituents. These drawbacks associated with  polyvinyl chloride based ions 
selective electrodes have clearly indicated that there is a need to modify the 
properties of the polymers for  fabrication of ions selective electrodes so that 
electrodes with high sensitivity and selectivity might be prepared without using 
leachable anions excluders and plasticizers. Currently the high molecular weight 
polyvinylchloride is used in fabrication of the ISEs, which essentially needs 60-70 
wt % of plasticizer to achieve optimum polymer flexibility and diffusivity of the 
analyte in the membranes to generate voltaic signal for its detection but it 
reduces the overall life of the electrodes. To overcome these  problems of 
polyvinyl chloride based ions selective electrodes and to exploit the chemical 
diversity of polymers in sensing applications, efforts have been made to develop 
ion selective electrodes using cyanocopolymers of suitable size, composition and 
conformations. The sensitivity cyanocopolymer based electrodes has been 
evaluated as a function of electrode compositions and the structure of the 
cyanocopolymers. In addition to contribution  of  cyanocopolymers in ions 
selective electrodes, the role of imprinting, conducting and conjugated polymers 
to develop various kinds of sensors would also be discussed to provide structure 
properly relation in sensing application of the analytes.  
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Polymer based sensor for the detection of 
Nitro-aromatic Compounds 
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Explosive sensors are substances capable of detecting specific chemicals used in 
explosives and transforms chemical information into an analytically useful signal. 
Non-destructive detection of nitroaromatic explosives is very essential for 
protection and criminal investigations, minefield remediation, military 
applications, ammunition remediation sites, homeland security applications and 
chemical sensors plays a vital role in the detection of such chemicals. 
Nitroaromatic compounds viz. picric acid, TNT, DNT are regarded as explosive 
chemical due to its very high volatility. These chemicals upon initiation undergo 
highly exothermic reactions yielding gaseous products. Besides, these chemicals 
also causes soil and water pollution. In this endeavor, we have developed a Layer 
by Layer polymer detector for efficient detection of nitro-aromatic chemical and 
picric acid is considered as the model nitroaromatic chemical. 
Two polymers are synthesized and characterized to develop the sensor system 
namely, co-polysulfone of cholesterol methacrylate with 1-hexane (PCHMASH) 
and co-poly 2-vinyl pyridine with acrylonitrile (P2VP-Co-AN). To fabricate the 
Layer by Layer detector, P2VP-Co-AN was placed in between two layers of 
PCHMASH and sandwiched in between the SS mesh. The detection process is 
based on very fast decrease in the impedance of the detector in presence of the 
vapor of picric acid. The thickness of the individual polymer layers plays a vital 
role towards the sensing efficiency of the detector. The detector with thinner 
outer layers undergoes a very steep decrease in impedance within 10 seconds. 
This sensitivity increases with the increase in the concentration of the vapor of 
the picric acid. In addition, selectivity of the detector for picric acid, reversibility 
and the interference of common chemical towards the detection of picric acid are 
also investigated. A general mechanism is proposed in support of the sensing 
process by the trilayer polymer detector. 
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Polymers for High Energy Materials (HEMs) application 

Dr. A. K. Sikder 
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In the last two decades, there have been dramatic changes in material science and related 
technology. In the context of these materials, polymers have emerged as a 
multidimensional product In the area of defence and aerospace, polymeric materials play 
very important role either as an insulator or as a conducting material or as an adhesive. 
Many smart polymers based on polyimide etc. have been developed for defence, aerospace 
and electronic applications which can sustain even at high temperature up-to 600 OC. 
The advent of advanced explosive and propellant technology has laid emphasis on the use 
of ingredients that impart enhanced performance and reduced vulnerability.  Emergence of 
novel propellants having unique combination of high energy and low vulnerability has led 
to emergence of energetic polymers in case of binders and plasticizers. Prepolymers having 
exothermically decomposing azido groups or oxygen-rich facile nitro/nitrato groups offer 
formulations with superior performance at relatively lower solid loading levels of solid 
oxidizers culminating in superior structural integrity. The first polymer to be developed in 
this category was glycidyl azide polymer (GAP), which came into prominence during early 
90’s.  Subsequently, a series of poly azido oxetanes emerged on the scenario. Energetic 
thermoplastic elastomers (ETPE) viz. BAMO- THF, BAMO-AMMO and BAMO- NIMMO 
copolymers are also emerging as a new class of potential binder system. These ETPEs are 
attractive binder system for solid propellants due to their inherent ability to recycle, recover 
and reuse the propellant ingredients. All the polymers and copolymers have been found to 
be insensitive to impact and friction stimuli and have wide defence applications as a binder 
for insensitive munitions (IMs) whose formulations are being used in rocket propellant, gun 
propellant and plastic bonded explosives (PBXs). The resultant munitions with these 
polymers have comparable energy with desired structural integrity and reduced sensitivity 
over the current non- IM counterparts. 
Energetic polyphosphazenes, a new class of polymer, are of special interest as binder for 
energetic formulations. Polyphosphazenes consist of an inorganic phosphorous-nitrogen 
backbone and reactive pendant side groups that may be organic, organometallic or 
inorganic in nature.  Polyphosphazenes are having low glass transition temperatures, thus 
providing good low temperature properties, because of the flexibility of the 
polyphosphazene backbone. 
The performance of polymers, in terms of their mechanical properties, adhesion, storage 
life, flame retardancy etc. can further be enhanced by making Nano-composites. Recently, 
many polyurethane Nano-composites using nano clay / carbon nano tubes have been 
reported which shows 40 -60 % increase in their mechanical properties i.e. tensile strength 
and % elongation. Energetic Nano-composites based on energetic polymers like GAP, 
PolyNIMMO etc. have also been prepared to be used as a coating material for 
desensitization of HEMs and also for binder applications. These energetic Nano-composites 
will not only have better mechanical properties but also have enhanced shelf life of the 
compositions. Clay based Nano-composites of inert polyols or epoxy resins are also being 
made for rocket propellant Inhibitors, Liners, insulators etc. The advantage of these Nano-
composites are high mechanical properties, light weight because of low filler content ( 3 – 5 
% as compared to 15 – 25 %), flame retardancy and better storage life. 
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The emerging bio-inspired technologies are potentially key technologies of the 
future, and in this regard  there has been immense research interest in the field of 
Electro Active Polymers (EAP) which is also viewed as part of the  field of 
Biomimetics. In this lecture our capability towards developing IPMC (ionic 
polymer metal composites) based micro-devices using EAP that actuates under 
external stimuli, biological action potential generated by nerve cells, and could 
sense human pulse bits.  
In the present lecture include the preparation of IPMC through surface 
electroding of the ion-exchange polymer, fabrication and mechano-electrical 
behaviour of a robotic mini-hand that actuated under very low under operating 

voltage +2.0 V,1 and development of IPMC based wrist-
band that senses the human pulse bits (Figure 1) are 
presented and discussed.  Exploratory works with 
regard to development of Heart & BP monitoring 
devices are in progress in association with a 
cardiologist. 

 

Figure 1: Sensing of human pulse bits by IPMC sensor 
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Making efficient use of energy mostly relies on rechargeable batteries, which has 
been creating major technological challenges in the entire consumer market 
worldwide. Rechargeable lithium-ion battery (LIB), in particular, is very popular in 
consumer electronics, which generally uses liquid electrolytes due to better Li+ 
ion conductivity at room temperature. But due to various limitations of liquid 
electrolytes, such as, transport, storage etc. composite polymer electrolyte is 
another option as an electrolyte for Li+ ion battery due to their solid state nature. 
In spite of solid nature, most of them are not much useful due to their very low 
ionic conductivity. Thus, these are being modified to form nanocomposite 
polymer electrolytes (NCPE) by incorporating various inorganic nano-fillers for 
enhancing the Li+ ion conductivity as well as to improve their mechanical, 
thermal, chemical and electrochemical stability. Moreover, materials in the nano-
scale exhibit new and improved properties compared to their bulk counterparts 
due to the reduced phase dimensions of the inorganic and the organic matrix, 
which helps in the enhancement of Li+ ion conductivity. A wide range of nano-
scale materials are being used for the construction of novel NCPE systems, which 
includes ceramics and metal oxides nano-materials. The current work comprises a 
brief discussion of the basic of Li+ ion conductivity in composite polymer 
electrolytes as well as my own group activities and their perspectives. 
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The structural properties of PNIPAM (poly-N-isopropylacrylamide), which is a 
thermosensitive polymer, have been investigated by copolymerizing it with 
hydrophobic monomeric units of polystyrene (PS). We employ molecular 
dynamics (MD) simulations to examine aqueous solutions of PNIPAM and 
PNIPAM-PS co-polymer chains across a temperature range below and above the 
LCST of pure PNIPAM to understand the fundamental physics underlying the coil-
to-globule transition in PNIPAM and in consequence on the LCST. The 
thermoresponsive solubility of PNIPAM can be controlled by copolymerizing it 
with PS, and such changes in the aqueous solutions of the polymers are 
accompanied by conformational alterations that are dependent on potential 
models employed, chain lengths simulated etc. We prepare a number of 
copolymers with different chain lengths of the hydrophobic units and observe 
the lowering of the LCST of the modified PNIPAM by computing the radius of 
gyration and end-to-end distances across the temperature range, in addition to 
examining the variation in diffusion coefficients of the polymers and the layering 
of water in the neighborhood of these chains. Our results show that the 
temperature sensitive properties of the water-soluble polymers can be tuned by 
copolymerizing them with varying lengths of hydrophobic block polymers. Our 
work demonstrates the controllability of PNIPAM solubility in aqueous solutions 
and recommends strategies to design complex programmable polymers that 
have wide-ranging applications in several biomedical and industrial processes.   
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In our recent research studies, carbon nanotubes and fullerenes are 
functionalized and incorporated in Nafion and sPEEK matrices to study the impact 
of ionic conductivity and methanol crossover behaviour of PEM in DMFCs. 
Sulfonic acid functionalization is done for carbon nanotubes and fullerene to 
enhance their dispersion in the polymer matrices and to impart the additional 
ionic conductivity. Composite membranes of sPEEK-PSSA-CNTs, Nafion-
sulfonated fullerene and sPEEK-Sulfonated fullerene were fabricated and studied 
for their properties like water uptake, proton conductivity and methanol 
crossover which are critical for successful operation of DMFCs. All the composite 
membranes show improved water uptake, proton conductivity and reduced 
methanol permeability through the membrane by partially blocking the 
micropores of the membrane [1]. Anion exchange membrane electrolytes are also 
developed for its use in alkaline fuel cell. The introduction of quaternary 
ammonium cation is carried out on the aryl carbon hitherto on benzyl carbon in 
the preparation of anion exchange membrane from engineering plastics namely 
poly(2,6-dimethyl-1,4-phenylene oxide) via chloromethylation followed by a pre-
functionalization methodology for quaternization. The influence of several 
parameters such as amount of chloromethylating agent, polymer concentration, 
reaction temperature, reaction time etc., were investigated and optimized. The 
chloromethylated PPO (CPPO) was further quaternized by homogeneous 
amination, in which PPO is directly converted to ionic form and is distributed over 
the polymer matrix. Membrane intrinsic properties such as ion exchange capacity, 
water uptake and ionic conductivity were evaluated. The membrane electrolyte 
(AEM) exhibited an enhanced performance in comparison with the state-of-the-
art commercial membrane [2]. 
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Fullerene-polymer conjugates have attracted significant attention owing to their 
applications in different fields such as material science, biomedicines, and 
molecular electronics. Especially thiophene-based conjugated polymer –fullerene 
systems are important for their potential applications in organic photovoltaic 
device fabrications. So far, various synthetic strategies have been reported for 
fullerene funtionalization in addition to polymerization. Most of the synthetic 
approaches have certain drawbacks such as, multistep reactions with drastic 
reaction conditions, formation of undesired side products, etc. In this context, we 
used click chemistry approach that has been proven to be effective and attractive 
route to prepare well-defined conjugates for different applications. 
In this presentation, we will discuss about our recent results on copolymerization 
of fullerene-based compounds using “click” reaction conditions. The synthetic 
methodology for the preparation of precursor organic molecules and 
functionalization of fullerene derivatives will be described. We will also discuss 
about the results of click polymerization reactions on those materials.  The study 
of the materials using SEM, TEM, and AFM techniques will also be highlighted. 
Finally, our attempts to prepare photovoltaic device components using the 
materials will also be discussed. 
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Now-a-days the field of chemical sensing is becoming ever more dependent 
upon novel materials. Fluorene based small molecule and conjugated polymers 
(CPs) become very much useful as signal-transducing materials for sensory 
applications because of their versatility in their molecular design and signal 
amplification properties.1 A typical optical chemosensor contains a receptor (the 
recognition site), linked to a fluorophore (the signal source), which translates the 
recognition event into the fluorescence signal (Fig. 1). 

 
 
 
 

In this consequence, functional derivative of fluorene and its copolymers have 
been designed and synthesized. All compounds are highly air stable. The 
functional derivative that has been used as a cyanide sensor, detects cyanide 
from water at very low level concentration (0.06 ppm). The presence of cyanide in 
cellular environment is also judged by this moiety. On the other hand, three 
stereo chemically different copolymer based on the above fluorene derivative 
have been synthesized. Among the polymers, two are achiral and third one is 
chiral. We have studied metal ion sensing ability of the polymers. From this study 
we see that the two achiral polymers have no selectivity towards any particular 
metal ion but the chiral polymer is highly selective towards zinc ion. We have also 
performed theoretical calculation of the polymer with metal ion. The result 
suggests that zinc ion is perfectly fitted in the cavity of the chiral polymer. Thus, 
chiral polymer can be used as a fluorescent sensor for selective detection of zinc 
ion from water. 
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Polyelectrolytes (PEs) are polymers with ionizable repeating units along the 
polymer chain. Framing electrochemical membrane, electroactive devices, 
microwave-absorbing material with polyelectrolytes of high ionic conductivity is 
at state of the art. Keepingpoly (NH3

+-L-leucine methacryloyloxyethyl ester) 
cation, we varied the associative counteranionastrifluoroacetate (TFA–), 
bis(trifluoromethylsulfonyl)imide (NTf2

–), hexafluorophosphate (PF6
–), 

tetrafluoroborate (BF4
–), trifluoromethanesulfonate (OTf–), chloride (Cl–) and 

nitrate (NO3
–) by anion exchange reactions.A novel library of PEs with vibrant 

thermal, pH responsiveness, chiroptical and electrochemical behavior were 
achieved. In contrast with neutral polymer, a three time increase in glass 
transition temperature (Tg) was obtained when PF6

− acted as the associative 
counterion. The difference in co-ordinating ability of anion resulted in capricious 
thermal stability. An amassed effect of counterion condensation resulted in 
variable solubility of PEs.High solution conductivity of 2.1 mS/cm was obtained 
for the PE with Cl− anion. The validity of Arrhenius and Vogel-Fulcher-
Tammanmodels in conductivity were investigated. The circular dichroism (CD) 
spectroscopy gave hint about the ability of NTf2

− and OTf− to facilitate intrachain 
hydrogen bonding sincethose PEs 
showed higher ellipticity value in 
methanol. The high solution 
conductivity, thermal stability and 
expected biocompatibility enables 
these smart PEs fit for applying in 
electrochemical membrane technology. 
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Thermoresponsive polymers are of interest in several biological contexts such as 
tissue engineering and drug delivery. These responsive polymers often exhibit a 
lower critical solution temperature (LCST) above which polymer chain collapse 
into a globular state in solution.1 In contrast, the polymers showing phase 
separation in solution due to chain collapsing below an upper critical solution 
temperature (UCST) are relatively rare.   In this context, poly(ionic liquid)s (PILs) 
have attracted considerable attention to the research community as fascinating 
water soluble polymer materials whose solution properties can easily be tuned 
via  external stimuli such as temperature, pH and ionic strength of solution.2,3 This 
prompted us to design new PILs having interesting solution phase behaviour. 
Thus, in this study, a novel PIL, poly(triphenyl-4-vinylbenzylphosphonium 
chloride) is synthesized by conventional free radical polymerization of a 
phosphonium-based ionic liquid monomer triphenyl-4-vinylbenzylphosphonium 
chloride. This newly designed PIL exhibits tunable UCST-transition behaviour in 
aqueous solution upon addition of different inorganic salts. The phase transition 
behaviour of this PIL in aqueous solution is then studied in detail in terms of 
polymer concentration, nature of added salts and the ionic strength of the 
solution. Interestingly, upon copolymerization of this IL monomer with 2-
hydroxyethyl methacrylate (HEMA) and methyl methacrylate (MMA) respectively, 
the resulted copolymers also show tunable UCST behaviour in water and as well 
as in other solvents. Such tunable temperature responsiveness enriches the 
toolbox of thermo-responsive polymers by introducing a strong polyelectrolyte 
type candidate, therefore broadening the scope of designed smart materials. 
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Arsenic is a well-known toxic metal and is present mainly as oxyanion compounds 
in groundwater. Arsenite (AsIII ) interferes with the function of enzymes by 
bonding to the -OH and -SH groups leading to the inactivation of the enzymes. 
Sensing As (III) is very tedious process because no such traditional chelating 
group is present which can bind to As(III). Norbornene derived rhodamine (Nor-
Rh) shows colorimetric as well as fluorimetric  response against As(III) in the 
presence of potassium iodate and hydrochloric acid which is monitored through 
UV-visible and fluorescence spectroscopy. Sensing properties of the Nor-Rh 
monomer towards As(III) are explored in presence of KIO3 and HCl. The observed 
colorimetric as well as fluorometric changes are attributed to the redox reaction 
involved in the unique design. Cyclic voltammogram measurements confirm the 
oxidation of As(III) to As(V) during the sensing event. This novel design is able to 
sense ppb levels of As(III) very selectively in an aqueous environment. Since As(III) 

has specific affinity towards thiol functionality we 
have prepared Nor-Th monomer & it’s 
corresponding polymer through ROMP 
polymerization technique. Here protected thiol 
has been chosen to avoid cross linking during 
polymerization which is deprotected after the 
polymerization. As (III) is trapped when the water 
is passed through a column containing Nor-Th 
polymers.                              
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We describe here a novel way of fabrication of an amperometric acetyl 
cholinesterase (AChE) biosensor and its application to detect organophosphate 
(OP) pesticide ethion using thiocholine oxidation at a low potential of 0.2V. AChE 
was electro entrapped in polypyrrole (Ppy) using low amount (0.02M) of 
supporting electrolyte (KCl) followed by cross linking with gluteraldehyde and 
porcine skin gelatin [1]. The sensor thus obtained showed a storage stability up to 
4 months and a high operational stability with intra state precision 0.742%.  We 
observed that thiocholine oxidation on PPy surface occurs at 0.1V while the same 
occurs at 0.2 V when PPy is doped with gelatin and gluteraldehyde. Based on this 
observation, the low potential workability of the sensor was tested taking ethion 
as the sample OP pesticide. Ethion could be detected down to 0.15 ppb in a 
solution in 5% acetonitrile using 0.2V applied potential for substrate oxidation. 
The sensor could be used up to eight repeated measurements after reactivating 
every time using 0.5% NaF solution. The work has demonstrated that (i) electro 
entrapment procedure can be used for effective fabrication of amperometric 
AChE biosensor (ii) Gelatin-gluteraldehyde combination can impart enhanced 
stability to electro entrapped AChE biosensors (iii) Polypyrrole entrapped AChE 
biosensors can be used for low potential detection of thiocholine (iv) Lower 
concentration of supporting electrolyte is necessary for the stability of 
electrochemical response of electro entrapped enzyme biosensors. 
 
Key-words: Acetylcholinesterasebiosensor, Conducting polymer, Electroimmobilization, 
Ethylparaoxon, Organophosphates, Organocarbamates. 
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A series of new copolymers HPPQSH-XX PS were synthesized from there 
preformed sulfonated ionomers HPPQSH-XX in order to get high proton 
conductivity along with excellent other properties. They were prepared by direct 
copolymerization of bisphenol HPP with two bishalides, QBF and SDCDPS. Again 
the copolymers were post-sulfonated using 1,3-propanesultone in presence of 
NaH and were analysed by spectroscopic techniques. The random copolymers 
HPPQSH-XX with different statistical distribution of –SO3H moiety showed very 
small ionic clusters (5–10 nm) whereas the grafted copolymers showed larger 
ionic domains (60–100 nm) on their TEM images. All ionomer membranes 
exhibited good mechanical properties, high oxidative and dimensional stability 

with low water uptake and swelling ratios. IECs 
(weight and volume based) were also 
calculated to explain a better correlation with 
water uptake and proton conductivity (14-125 
mS/cm at 80 ºC and 15-142 mS/cm at 90 ºC 
under fully hydrated condition) of the 
membranes.   
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Metal–organic frameworks (MOFs) are new class of crystalline materials, 
exhibiting various structures and enthralling porosity. These crystalline porous 
frameworks not only demonstrate novel performances but because of their 
tunable pore size, and controllable host guest interaction feature offer numerous 
opportunities in the field of adsorption and separation technology. The 
availability of in-pore functionality and possibility of outer-surface modification 
allows interactions based on both “molecular sieving” as well as “chemical 
affinity”, which in turn render these materials extremely interesting for gas/liquid 
mixture separation. In this paper we propose a simple and economically viable 
method to develop core shell PDMS- metal organic frameworks microspheres. 
Core-shell poly (dimethylsiloxane) (PDMS)-ZIF 8 microspheres were prepared by 
directed crystallization of ZIF 8 on thermally stable PDMS beads. The core-shell 
microspheres were evaluated for their potential use as stationary phase for gas-
chromatographic separation of permanent gases and liquids, where the issues 
associated with pressure drop were circumvented which permitted separation of 
gas and liquid mixtures in conventional gas chromatographic packed columns. In 
view of the exceptional water stability of ZIF 8, the column could be used for the 
effective separation of aqueous mixtures. The simple and versatile methodology 
widens the scope for large-scale application of MOFs.   
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 This contribution reinvestigates synthesis of polyaniline-BaTiO3 (PANI- BaTiO3) 
nanocomposite with regards to its exclusive formation and feasibility for 
application in humidity sensing. In the present work, PANI- BaTiO3 
nanocomposite was synthesized first time, by an in situ chemical polymerization 
of aniline in the presence of BaTiO3 nanoparticles of 25-40 nm in diameters. The 
resulting nanocomposite was characterized by X-ray diffraction (XRD), Fourier 
transform infrared (FTIR) spectroscopy and transmission electron microscopy 
(TEM). The characterization results confirmed an exclusive formation of PANI- 
BaTiO3 nanocomposite. Humidity sensing characteristics such as relative humidity 
(RH)-impedance property, humidity hysteresis, response and recovery times and 
reproducibility of PANI– BaTiO3 have been investigated. The nanocomposite with 
10 wt% BaTiO3 exhibited better humidity sensing properties than pure PANI, such 
as good sensitivity, fast response, rapid recovery, hysteresis within 2% and 
excellent repeatability. We have also compared the results of this study with a 
previous report of PANI- BaTiO3 composite [1], which reports the formation of 
BaSO4 in the composite due to the leaching of Ba2+ ions from the surface of BaTiO3 
particles in HCl medium. 
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The work presented here describes the electro synthesis of a highly stable and 
highly conducting polypyrrole film using a room temperature ionic liquid 1-butyl-
3-methyl immidazolium bromide and utilization of the same for quantitative 
estimation of organophosphate pesticides. Doping the film with different 
oxidising agents such as copper sulphate and N-bromosuccinimide, selected 
organophosphate pesticides were oxidised and the change in conductivity of the 
film at the time of oxidation was correlated with the amount of pesticide present. 
The organophosphate pesticides ethion and parathion could be detected down 
to 0.2 ppb and 1.8 ppb respectively. Characterization of film properties such as 
variation of conductivity with temperature, effect of humidity and storage 
stability were investigated.  
Key-words: Conducting polymer, Ionic liquid, Organophosphates 
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Over the last decade, considerable attention has been focused on the 
development of suitable sensing materials for the fabrication of low cost, rapid 
and selective gas sensors operating at room temperature [1,2]. Different 
conducting polymer-metal oxide nanocomposites have been synthesized and 
based on these nanocomposites gas sensors, humidity sensors, biosensors have 
also been developed by few research groups. Here we report a rapid and selective 
room temperature liquefied petroleum gas (LPG) sensor using poly(o-
methoxyaniline)-cerium oxide (POMA-CeO2) nanocomposite. The POMA-CeO2 
nanocomposites have been synthesized by an in situ chemical oxidative 
polymerization of o-methoxyaniline in the presence of pre-prepared CeO2 
nanoparticles. The techniques of X-ray diffraction (XRD), Fourier transform 
infrared (FTIR) spectroscopy and transmission electron microscopy (TEM) were 
used to characterize the resulting POMA-CeO2 nanocomposites. The sensor based 
on POMA-CeO2 nanocomposite with proper weight percentage of CeO2 showed 
better LPG sensing properties than that of pure POMA. Upon exposure to 3.4% 
LPG, the nanocomposite with 30 wt% CeO2 exhibited an improved response 
(~2.06%), very fast response (~3-4 s), full recovery within 20 s in air and most 
notably, enhanced selectivity at room temperature. Thus, the combination of the 
CeO2 nanoparticles and POMA endows an attractive selective sensing 
performance to LPG at room temperature with fast-response / recovery rate.  
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Membrane electrode assembly (MEA) is the heart of the fuel cell in which polymer 
electrolyte membrane (PEM) plays a major role whereinNafion is the widely used 
membrane for PEMFCs due to its superior proton conductivity and high 
mechanical strength. However Nafion has its own disadvantagesviz, limited 
operational temperature window and the cost hindering its commercial 
applications [1]. In the present study, acid-base blend membranes were 
fabricated to imply as electrolytes in polymer electrolyte membrane fuel cells. 
Poly(bis(phenoxy)phosphozene) (POP) was sulfonted with sulfuric acid[2], to 
impart the ionic conductivity and then blended with sulfonated poly(ether ether 
ketone) (sPEEK). The blend membranes were fabricated by varying the sPOP 
content from 2 to 4 wt.% in relation to sPEEK. The resultant blend membranes 
(sPEEK-sPOP) were characterized in terms of AFM and SAXS to determine the 
change in the ionic domains and then studied in PEMFCs.The strong hydrophobic 
backbone of POP improves the mechanical strength of the membrane; 

incorporation of sPOP in sPEEK matrix enhances the 
dimension of the ionic clusters in turn promoting the 
proton transport. The blend membranes exhibit 
superior electrochemical properties and peak power 
density of 986mW/cm2 in comparison 

with735mW/cm2for pristine sPEEKmembrane. 

 
Fig.1 PEMFC performance of pristine sPEEK and sPEEK-sPOP blend membranes 
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A series of anion exchange membranes containing quaternary ammonium 
groups are fabricated from poly(phenylene oxide) for application in alkaline 
DMFCs (ADMFCs). In the first step, poly(phenylene oxide) (PPO) was 
chloromethylated by substituting chloromethyl groups in the aryl position of 
polymer. The impact of reaction time on the chloromethylation reaction was 
studied and optimized from the degree of substitution calculated from 1H NMR 
spectra. In the second step, the chloromethylated PPO (CPPO) was further 
homogeneously quaternized and then ion-exchanged to form an anion exchange 
membrane (AEM)1. The successful introduction of functional groups on the 
polymer backbone was confirmed by 1H-NMR and FT-IR spectroscopy. From the 
second step, a series of AEMs are prepared by varying the molar ratio of amine 
with respect to CPPO. The prepared membranes are also characterized in terms of 
their ion-exchange capacity, water uptake and ionic conductivity. Finally, the 
fabricated QPPO membranes are subjected to cell polarization studies in alkaline 

DMFCs, wherein CPPO: amine ratio of 1:8 exhibited 
a higher peak power density of 3.51 mW cm-2 
among the four ratios as represented in Fig. 1. The 
variation of metal loading in the catalyst layer on 
either sides such as 2 mg, 1 mg and 0.5 mg cm-2 
were also studied for its performance in ADMFCs.  
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Nowadays, the development of highly sensitive sensory materials for the 
detection of trace explosives is a very challenging area of research. Recently 
chemical sensors with high sensitivity for the detection of principal explosive 
ingredients such as RDX, TNT, PA, etc. have found immense applications in public 
security and environmental pollution problems. Herein we attempt to develop 
conducting polymeric nanocomposites for sensing nitroaromatic explosive 
ingredients such as TNT, DNB, PA etc. by PL methods. PVA-thiophene composite 
and their nanocomposite were prepared by incorporating carbon and silver 
nanoparticles in it. The nanocomposites showed enhanced fluorescent behaviour 
after the loading of nanoparticles as compared to the undoped ones. All these 
materials prove to be highly efficient sensors for nitroaromatic compounds. The 
polymeric nanocomposites are electron rich species and they act as electron 
donors while the analytes behaves as electron acceptors forming a donor-
acceptor complex. The fluorescence of highly explosive nitroaromatic 
compounds such as TNT and PA are reduced effectively with a quenching 
efficiency of about 95-99% in case of the polymer nanocomposites. The sensing 
of nitroaromatic compounds occurs through Photoinduced Electron Transfer 
(PET) mechanism which is established by zeta potential and CV measurements. 
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Non-destructive detection of nitroaromatic explosives is very essential for 
protection and criminal investigations, minefield remediation, military 
applications, ammunition remediation sites, homeland security applications and 
chemical sensors plays a vital role in the detection of such chemicals. In this work, 
we developed a very simple chemical sensor for nitroaromatic compound from a 
couple of novel bio-based polymers polycurcumin methacrylate (PCUMA) and 
polycurcumin acrylate (PCUA). The polymers exhibit purely electronic conduction 
and is confirmed by Wagner polarization technique. Sensitivities of the polymers 
are observed by monitoring the change in the impedance response (Z) with time 
and the current–voltage characteristics in presence of the vapor of picric acid and 
nitrobenzene. The sensitivity of PCUMA for these analyte is higher than that of 
PCUA. It showed one order decrease in log Z values within 10 minutes and 
90.44% increase in current density in current–voltage characteristics in presence 
of the vapor of the analyte. The polymers selectively interact with picric acid and 
the interference of varying humidity, other nitroaromatic chemicals, CO2and 
common solvents is negligible. The sensitivity of the polymer is reversible in 
nature and the sensor system is statistically accessible with significant inter and 
intra assay precession. 
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A candid approach to analyze the prospects and study the biocompatibility of 
synthesized nano-CeO2 decorated exfoliated graphene nanohybrid reinforced 
green polymeric nanocomposite as electrochemical sensing material has been 
presented in this communication. CeO2 nanoparticles were successfully grown on 
graphene sheet in the presence of cationic surfactant (HTAB) followed by facile 
hydrothermal treatment. The effective growth of synthesized CeO2 nanocrystals 
on graphene was evident from X-ray diffraction (XRD), scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM) analysis. Glucose 
oxidase (GOx) was employed on the green polymer nanocomposites modified 
FTO electrode, which was confirmed from topographical study (AFM). The 
electrocatalytic and electroanalytical response of the GOx/nano-CeO2-GR/CS/FTO 
bioelectrode towards electrooxidation of glucose analyte was investigated by 
electrochemical impedance (EIS) and cyclic voltammetry (CV) study. The variation 
of current response as a function of pH, applied potential and GOx concentration 
was also monitored. The results obtained indicate that compare to bare CeO2 
nanoparticles and graphene, the nano-CeO2/graphene nanohybrid shows 

significant electrochemical activity and 
provides an adequate microenvironment for 
effective enzyme immobilization due to the 
excellent synergistic effects between the CeO2 
nanoparticles and graphene sheet. 
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Solid state multicolor emitting material have great demand due to their potential 
applications as light emitting materials, bio-imaging, bio-labeling, optical sensing 
and optoelectronics. Pyrene and Perylene bisimide (PBI) chromophores have high 
absorption coefficient, high quantum yield, good photo and thermal stability. The 
chromophores were used as a acrylate monomer and cross-linker respectively for 
making fluorescent polstyrene microbeads. The solid state multicolor emitting, 
lightly cross-linked, thermally stable polystyrene material were developed by 
dispersion polymerization and well characterized by NMR, GPC. The morpholgies 
and solid state fluorescence was measured by SEM and fluorescence microscopy 
respectively. The fluorescent microbeads were used for the sensing of the nitro 
aromatic compounds such as TNT, 1,3-DNB, 2,4-DNT, 4-NT, 2,6-DNT, Picric acid 4-
NP and 2,4-DNP. The ethanol dispersion of monodisperse multicolor emitting PS 
microbeads were spin coated on the quartz plate. The spin coated films were kept 
in the closed tubes saturated with nitro aromatic molecule vapors. Time 
dependant fluorescent measurement showes the rapid decrease in the intensity 

of Pyrene emission without effecting the 
PBI emission indicating selective sensing 
of Pyrene chromophore in the PS 
backbone. The material can be used for 
the dual application as an optical sensor 
and a green-red emitting material.    

 

 
 
 
 
 
 
 
 
 
 
 
References: 
[1] Beyazkilic, P.; Yildrim, A.; Bayinder, M.; ACS Appl. Mater. Interfaces, 2014, 6, 4997–5004. 
[2] Sonawane, S. L.; Asha, S. K. J. Phys. Chem. B, 2014, 118, 9467–9475. 
[3] Sonawane, S. L.; Asha, S. K. ACS Appl. Mater. Interfaces 2013, 5, 12205−12214. 



434 

 

Glucuronic acid appended Polyfluorenes for selective 
sensing of Bilirubin in Human serum  

T. Senthil kumar1, and S. K. Asha1* 
1Polymer Science and Engineering Division, National Chemical Laboratory, Pune - 411008 

*sk.asha@ncl.res.in 
 

Water soluble conjugated polymers have received great research interest in 
biosensing applications. D-glucuronic acid appended polyfluorenes was designed 
and successfully used to demonstrate the selective naked-eye detection of 
bilirubin in human serum. D-glucuronic acid was appended to fluorene unit 
which upon polymerization resulted in water soluble polyfluorenes. The favorable 
spectral overlap between the polymers and bilirubin facilitated forster resonance 
energy transfer (FRET) to occur from polymer to bilirubin. Upon addition of 
bilirubin, the fluorescence of the polymer was quenched with gradual reduction 
in the fluorescence lifetime of the polymers and also increases in the lifetime of 
bilirubin indicative of energy transfer. There was a fluorescence color change of 
the solution from blue to green upon addition of the bilirubin to the polymers. 
The new polymers showed high selectivity and visual sensitivity towards free 
bilirubin in human serum in presence of interference from hemoglobin, biliverdin, 
glucose, cholesterol, as well as metal ions. The role of the combined effects of 

energy transfer, non-covalent interaction 
and entrapment by self-assembly 
highlights the potential of the new 
polymer design for highly selective visual 
detection of free bilirubin in human 
serum. 
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In the past few decades proton exchange membrane fuel cells (PEMFCs) have 
emerged as an alternative clean energy conversion devices [1-3]. The electrolytes 
developing aspect in the field of proton exchange membrane fuel cells is high 
proton conductivity [2]. A series of new sulfonated co-polyimides (co-SPI) were 
prepared via polycondensation reaction route, with a various combination of 
diamines. The low molecular weight diamine 4,4'-diaminotriphenylamine 
(DATPA) were used to increase the ion exchange capacity (IECw) along with 
another diamine 4,4'-diaminostilbene-2,2'-disulfonic acid (DSDSA) and 
dianhydride 1,4,5,8-naphthalenetetracarboxylic dianhydride (NTDA). These 
copolymers have shown good solubility and given flexible membranes. 
Morphological observation through transmission electron microscopy (TEM) 
revealed the micro phase separated morphology with well-dispersed hydrophilic 
(around 5-100 nm) and hydrophobic domains. The well connecting hydrophilic 
domains were responsible for the higher proton conductivity. The SPI membrane 
DTN-80 (80% degree of sulfonation) with IECw = 2.74 mequiv g-1 shown 
significantly higher proton conductivity (207 mS cm-1) at 80 °C in water as 

compared to perfluorinated Nafion® 117 
(135 mS cm-1) under similar experimental 
condition. All these co-SPI membranes 
shown higher fuel efficiency compared to 
Nafion. Lower oxygen permeability were 
observed for these co-SPI membranes (for 
DTN-80, PO2 = 0.9 barrer) than Nafion® 117 
(PO2 = 3.6 barrer).  
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Photo-emissive materials are mainly based on the fluorophores were present in a 
molecule. We have designed and synthesized twocarbazole and triphenylamine 
based polymeric materials. The synthesized materials confirmed by standard 
characterization techniques such as FT-IR, 1H- NMR analysis. Optical behaviors of 
these materials were evaluated by UV-visible and fluorescence 
spectrophotometer. Solvent effect of these synthesized materials was tested from 
high polar to low polar solvents.There was a considerable red shift in absorption 
spectra and drastic red shift in emission spectra with differentpolarity of the 
solvents. These solvent effects are may be due to the various factors such as 
dipole moment, free energy of solvation, reorganization energy. The thermal 
properties of the materials were studied by TGA and DSC analysis. The surface 
morphology of the materials was analyzed using SEM analysis. Cyclic Voltametry 
analysis used to analyses the electrochemical behavior of the materials.  
From these results, the synthesized both materials were well efficient 
fluorophores adopted for optoelectronics applications.  
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Simultaneous unzipping and sulfonation of multi-walled carbon nanotubes 
(MWCNTs) through hydrothermal synthesis route is carried out to form sulfonated 
graphene nanoribbons (sGNRs) [1]. TEM analysis confirms the formation of sGNRs. 
The increase in width of unzipped MWCNTs shown in Figure 2 in comparison with 
the width of MWCNTs as seen in Figure 1 indicates the formation of GNRs. The 
required amount of sGNRs viz., 0.05, 0.1, 0.15 and 0.2 wt.% is incorporated to 
sPEEK to form composite membrane electrolytes by solution casting method. The 
proton conductivity, ion exchange capacity (IEC), water uptake and swelling ratio 

of composite membrane 
electrolytes is comparatively 
better than pristine sPEEK as 
shown in Table 1. Further 
studies are in progress to  
evaluate these electrolytes in 
PEMFC applications. 

 
Figure 1- (a) MWCNTs (5-10 nm) and (b) sGNRs (5-25 nm) 

 
Table 1- Physicochemical properties of composite membranes   
 
Reference: 
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S.No. Membrane 
type 

IEC 
(meq./gm) 

Proton 
Conductivity 

(mS/cm) 

Water 
Uptake 

(%) 

Swelling 
Ratio 

1. Pristine sPEEK 1.48 35 30.5 1.30 
2. sPEEK-sGNRs 

(0.05 wt%) 
1.51 39 32.2 1.32 

3. sPEEK-sGNRs 
(0.1 wt%) 

1.52 81 32.8 1.33 

4. sPEEK-sGNRs 
(0.15wt%) 

1.61 48 35.3 1.35 

5. sPEEK-sGNRs 
(0.2 wt.%) 

1.55 63 39.1 1.39 

(a) (b) 
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The study of semiconductingsmall molecules like Copper (II) Phthalocyanine 
(CuPc) for applications in organic thin film devices has received considerable 
attention, due to their capability to form ordered films with virtuous electrical 
properties.The uses of polymeric dielectrics are attractive due to their ease in 
processing,flexibility and tunablesurface properties;indeed, the great promise of 
organic electronics is based on the idea of using flexible polymeric substrates.The 
smart temperature sensors can be made by using the change of polymeric 
properties at their glass transition temperature (Tg). Motivated by such interesting 
issues, we have investigatedofthe impact of polymeric gate dielectric materials 
and deposition temperatures (TD) on the structures,morphologies and field-effect 
mobilities (µ)of the CuPc films by depositing films (thickness: 20 nm) on bare, 
octadecyltrichlorosilane (OTS), polystyrene (PS) and polyimide complex 
(PIC)coated SiO2/ Si substrates The TD was varied from 40oC to 120oC. The 
molecular orientation, structure, and morphology were investigated by X-ray 
absorption spectroscopy (XAS), X-ray reflectivity (XRR) and AFM techniques 
respectively whereas the mobilitieswere measured by fabricating thin film 
transistors.  
We find that the polymer modification has a significant effect on the studied 
structure parameters and mobilities of the CuPc films as well as deposition 
temperature also plays a crucial role on this parameters depending on the 
behaviour of the polymeric layers at various temperatures and the diffusion of 
CuPc molecules . We have achieved the µ as high as ~ 0.1 cm2/V.s by using 
OTS/SiO2 as gate dielectrics and TD:  80oC. This value is quite high for CuPc TFT; 
only one tenth of the CuPc single crystal FET. The PS modification is very effective 
for enhancing µ below Tg of PS (100oC) and comparable to effectiveness of OTS 
modifications. The PIC modification is helpful to achieve better mobility than bare 
SiO2 and µ increases linearly with TD in both cases. The entire variation of µ of 
CuPc films with gate dielectric surface and TD can be explained in terms of 
variation of molecular orientations,structures and morphologies of CuPc films. 
Detailed result of the study will be discussed in the conference. 
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Polyaniline (PANI)-zinc sulphide (ZnS) nanocomposites (PAZs) are synthesized by 
polymerizing aniline in the presence of acetic acid with different concentrations 
of ZnS nanoparticles (NPs). Electron microscopic images indicate the nanotubular 
morphology of PANI and ZnS NPs remain adhered to the nanotube surface, but at 
higher ZnS concentration the nanotube morphology is lost. UV-vis spectra 
indicate PANI is in the doped state and the doping increases with an increase in 
ZnS concentration. Fluorescence intensity passes through a minimum with ZnS 
content and the dc-conductivity of the composites gradually increases with an 
increase in ZnS NP concentration. The current-voltage characteristics of PAZ 
composites indicates that the photocurrent is higher than that of the dark current 
at each voltage, and the device exhibits reversible turning ‘‘on’’ and ‘‘off’’ by 
switching the white light illumination ‘‘on’’ and ‘‘off’’. We have optimized the PAZ 
composites to maximize the photovoltaic performance of the resulting devices, 
and subsequently, a peak power conversion efficiency of 3.38% was achieved. An 
attempt is made to shed light on the operating mechanism of the dye sensitized 
solar cell from the impedance data using a Nyquist plot by drawing an equivalent 
circuit illustrating the different electronic and ionic transport processes within the 
cell. 
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To produce high proton conductive and durable proton exchange 
membrane(PEM) for fuel cellapplication, a series of semifluorinated sulfonated co-
poly(ether imide)s (co-SPI) containing sulfoalkyl side chains have been 
synthesized.Firstly, a series of hydroxyl-group containing copolyimides (HQN-XX) 
were synthesized from 2,2-Bis (3-amino-4-hydroxyphenyl) propane(HAP), a 
fluorinated quadridiamine(QA) and 1,4,5,8-naphthalenetetracarboxylic 
dianhydride (NTDA)by one pot high temperature polycondensation reaction. 
Thereafter, the copolymers were post-sulfonated using 1,3-propanesultone in 
presence of NaH and were analysed for their PEM properties.All the copolymers 
were thoroughly characterized by FT-IR and 1H-NMR spectroscopy. Tough, 
flexible membranes of the copolymers with good solubility and easy 
processability were obtained from solution casting in dimethyl sulfoxide(DMSO). 
The physical properties of all the prepared copolymer membranes before and 
after post sulfonation were studied. It was observed that eventhe post sulfonated 
(HQN-XX-PS) membranes exhibited good mechanical properties, high 
thermaland oxidative stability with low fuel crossover. The proton conductivity of 
the co-SPI membranes increased with IECW value and temperature;maximum 
upto163.5 mS/cmat 90 °C for HQN-90-PS,which is higher as compare to 
commercial Nafion®117(150.1 mS/cm)under similar experimental 
condition.Transmission electron microscopy (TEM) of the co-SPI membranes 
showedwell-dispersed cluster like hydrophilic domains distributed throughout 
the hydrophobic matrix, contribute to better proton conducting properties. 
Furthermore, the oxygen permeability of the co-SPI membranes (for HQN-90-PS, 
PO2 = 0.69barrer) were significantly lower thanNafion® 117 (PO2 = 3.58barrer) 
indicating excellent gas barrier property. 
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BODIPY (4, 4-difluoro-4-bora-3a, 4a-diaza-s-indacene) dyes are known for 
remarkable chemical and photochemical stabilities, redox activities and excellent 
optical properties. Due to tunable optical properties, BODIPY containing 
conjugated systems have been explored as donor material in organic 
photovoltaic cells (OPVs) but they have not been very efficient so far.Charge 
carrier transport propertyis one of the main factors which decidesolar cell 
performance. Thus an approach that can modulate the charge carrier transport 
would improve the efficiency of BODIPY based organic solar cells. In order to 
improve charge carrier mobility we have designed and synthesized 
both,conjugated small molecules(CSMs)and macromolecules.CSMs consist of 
BODIPY as acceptor and triphenylamine as donor unit with variation in side 
chains. We have investigated the impact of side chain on charge carrier mobility 
and found that CSM with hydrophilic side chain shows higher glass transition 
temperature than hydrophobic side chain containing CSMsand forms smooth 
film with ordered packing. Field Effect Transistors fabricated with the same 
molecule have shownbetter device efficiencies, a very low threshold voltage and 
two orders of higher hole carrier mobilities compared to all the other derivatives. 
We have also synthesized low band gap polymers containing BODIPY in 
conjugation with electron poor co-monomers and have studied their 
photophysical and electronic properties. 
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A series of new fluorinated sulfonated polytriazole (PTAQSH-XX) copolymers were 
synthesized from new bis azide monomer, 4,4-Bis[3-trifluoromethyl-4(4-
azidophenoxy) phenyl] biphenyl (QAZ), 4,4′-Diazido-2,2′-stilbenedisulfonic acid 
disodium salt hydrate (DADSDB) and 4,4′-(propane-2,2-diyl)bis((prop-2-
ynyloxy)benzene) (BPEBPA) by  click polymerization. The degree of sulfonation 
(DS) of the polytriazoles was controlled by variation of ratio of DADSDB to QAZ. 
Thestructuresofthepolytriazoleswereanalyzed byFTIR andNMR(1H, 13C and 19F) 
spectroscopy.The polytriazoles exhibit high molecular weights and good 
solubility and film forming capabilities. The copolymer films showed good 
thermal stabilities, oxidative stabilities and mechanical properties depending 
upon their chemical compositions. The copolymers showed good dimensional 
stability and low water uptake values.Transmission electron microscopy (TEM) 
images of the membranes showed nano-phase separated morphology with ionic 
cluster sizes from 5 to 65 nm.Ion exchange capacity of the copolymers was 
calculated 1H NMR spectroscopy and determined by titration. As expected the 
proton conductivity gradually increases with increasing the IECW and temperature 
also. The proton conductivities of PTAQSH-XX (XX-50, 60, 70, 80, 90) membranes 
were found in the range of 6-47 mS/cm at 30 °C and 12-76 mS/cm at 80 °C, while 
the maximum value (51mS/cm at 30°C and 112 mS/cm at°C) of proton 
conductivity was observed in case of PTASH-100.  
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In the present work we have designed a novel system based on fluorescent 
carbon dots prepared from a biopolymeric material i.e.  chitosan hydrogel. The 
prepared carbon dots were then capped with β-cyclodextrin and calix[4]arene-
25,26,27,28-tetrol for sensitive and selective detection of fluoride ions in aqueous 
media. Fluorescent carbon dots showed quenching of its fluorescence intensity 
upon capping. Introduction of F− ions to carbon dots capped with β-cyclodextrin 
and calix[4]arene-25,26,27,28-tetrol system results in enhancement and 
restoration of fluorescence intensity of the quenched system upto a considerable 
extent thereby leading to detection of F− ions. Minimum detection limit was 
determined to be   6.6 μM. The detection is found to be selective for F- ions as 

with other halide ions i.e. Cl−, Br−, I− and 
hydroxyl ion (OH−), there is observed decrease 
of fluorescence intensity. Therefore the 
material we have developed can be used as 
potential fluorescent sensor for F- ions in 
aqueous media. A possible mechanism to 
justify the observation is also discussed herein. 
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Guar gum (GG), a very high molecular weight galactomannan available from the 
endosperm of Cyamopsis tetragonaloba (L) is native to the states of Rajasthan, 
Haryana and Gujarat in India. The biopolymer is traditionally used in food as 
thickeners and in ice creams for water crystal inhibition and mouth filling quality.  
GG is in renewed interest recently, due to some successful applications in energy 
harvesting areas like that in shell gas and petroleum oil drilling.  
Franz Hofmeister, presented a classification of series of ions that result in 
consistent hydration characteristics for salting out of proteins. Ion effects on 
structure and dynamics of water molecules are also known to determine similar 
properties of proteins and polysaccharides. In silico molecular modeling 
experiments have proved that the biopolymer GG when hydrated can hold two 
molecules of water in each galactose interconnection points preventing 
minimum number of water molecules to close in for ice crystallization. We 
systematically studied different cations and anions effects on viscous properties 
of 1% w/v guar gum solution in water and very predictable characteristics can be 
derived. The ions like K+, CO3

2- , SO4
2- in the left hand side of the series increased a 

disorderness leading to decrease in GG solution viscosity and much less 
formation of aggregates in water. Alternative effects were observed in case of 
Na+, Li+, Cl-, I- ions in the right hand side of the series which increased 
intramolecular interactions of the polymer chains leading to concentration 
dependent increase in the viscosity of the solutions. In case of energy harvesting, 
GG in water often present hindrances for the mud and gas outflow due to 
polymer associated choking of rock pores. Laboratory observations further 
indicated that the ion composition of drilling mud need first be adjudged based 
on local ion levels for a predictive high yield optimization in petroleum oil drilling 
and hydro-cracking operations.  
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Despite significant studies on polybenzimidazole (PBI) nanocomposite based proton 
exchange membrane (PEM) for fuel cells, the importance of nanocomposite interface, 
which directly impacts properties like proton 
conductivity, mechanical and thermal stabilities 
etc., has been inadequately addressed in 
literature. Since interface structure depends on 
the surface functionalization of the 
nanoparticles (NPs), we need to explore the 
surface chemistry in order to develop materials 
with desired properties. I would like to present our recent findings on the effect of 
aliphatic chain length of the surface modifier of silica NPs on important properties of 
PBI nanocomposite membranes for use as PEM and to underline the quantitative links 
between dispersion pattern of NPs in the polymer matrix with proton conductivity and 
different kinds of stability. Silica NPs decorated with long chain amine silane coupling 
agent (LAMS) was used to induce the compatibility with oxy-polybenzimidazole (OPBI) 
matrix. Structure and morphology analysis of nanocomposites by WAXD and TEM 
respectively, showed the formation of self-assembled networks of the modified NPs in 
the (OPBI/LAMS) matrix, whereas a completely dispersed structure was observed for 
the unmodified NPs (UMS) in the (OPBI/UMS) matrix. The self-assembly of LAMS 
nanoparticles helped in creating more proton hopping sites by hydrogen bonding 
interactions with OPBI chains. This resulted in remarkable increment in proton 
conductivity in LAMS loaded membranes which were not observed in UMS loaded 
membranes. Large mechanical reinforcements were obtained with OPBI/LAMS 
membranes. The presence of LAMS’ assembly safe-guards the polymer chains from 
thermal and oxidative degradation thus enhancing the membranes’ stability and 
durability in fuel cell operating conditions. Water uptake and dimensional stability 
studies of the membranes also showed promising results. The findings in this study 
demonstrates the potential of tailored OPBI/LAMS nanocomposite membranes for use 
as PEM in fuel cells. 
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Photonic crystals are structurally colored materials with periodic nanostructures 
which prevent the propagation of certain wavelength of light at its photonic 
band gap [1]. Here we fabricated a responsive inverse opal photonic hydrogel 
using large area ordered colloidal crystal template for sensing application. Using 
highly charged polystyrene (PS) microspheres, a well-ordered colloidal crystal 
template was prepared through an evaporation induced - capillary force driven 
self-assembly [2]. These colloidal crystals showed closed packed fcc structure 
which was obvious from the SEM image (Figure1a). Using this colloidal crystal 
template, an inverse opal photonic hydrogel was prepared by free radical 
polymerization of acrylamide monomer. As revealed in SEM image, the photonic 
crystal hydrogel was an exact inverse replica of the PS colloidal crystal (Figure1b). 
Bragg diffraction in visible light provided structural color to this well-ordered 
photonic nanostructure. Further, we explored the swelling property of the 
polyacrylamide hydrogel for responsive photonic hydrogel preparation. Using 
albumin (HSA) protein as a template molecule, molecular imprinting technology 

[3] was performed within the prepared photonic hydrogel. The optical response of 
this photonic hydrogel towards HSA solution was studied using a UV - Visible 

spectrophotometer. 
Interestingly, we found a shift in 
wavelength maxima of 
reflection corresponds to 
different concentrations of HSA 
solution. 

Figure1. (a) PS colloidal crystal and (b) Photonic hydrogel. 
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This study discusses a simple and feasible method involving in-situ 
polymerization of aniline in the presence of zinc acetate dihydrate [Zn(CH3COO)2. 
2H2O] and graphene nanoplatelets (GNP) for the preparation of high performance 
electrode material (PZG composite) for supercapacitor application. The presence 
of metal salt [Zn(CH3COO)2. 2H2O], enormously enhanced the capacitance value 
of PANI/GNP (PG) composite. Thus, the proposed method gives specific 
capacitance value for the PZG composite is ∼688 F/g at a 10 mV/s scan rate which 
is very high compared to the specific capacitance value (∼340 F/g) of PG 
composite at the same scan rate. In the PZG composite, zinc acetate and GNP are 
successfully coated by PANI, which provides more active sites for nucleation and 
electron transfer path. In addition, the inter- and intra-molecular interactions 
among them facilitate the electron transfer path which plays an important role to 
enhance the capacitance value of the composite. Moreover, the prepared 
composite is electrically conducting in nature and shows electrical conductivity in 
the order of ≈ 4.67×10−2 S.cm-1. In addition, PZG composite shows semi-
conducting behavior. Field emission scanning electron microscopy (FESEM) and 
high resolution transmission electron microscopy (HRTEM) reveal the 
interconnected fiber-like/thread-like morphology PZG composite. 
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Macromolecular architectures and their selective functionality play a fundamental 
role in solar cell fabrication for tuning various characteristics like band gap, 
exciton diffusion length and recombination of charge carriers. To control 
recombination of charge carries in polymeric materials, several researchers aimed 
and are working on preparation of well defined copolymers in which through well 
ordered self-assembled nano-segregations, carrier transportation paths are 
properly channelled. We herewith report novel monomer, 10-(1,10-
phenanthrolin-3-yloxy)decyl acrylate and its polymer complexes having 
ruthenium polypyridine as a pendent group and its di- and tri-block copolymers 
with poly(N-vinylcarbazole) and polystyrene segments (Figure 1), respectively, by 
reversible addition-fragmentation chain transfer polymerization method. The 
described model complexes in Figure 1 serve as references. The obtained model 
complexes and polymer complexes are characterized by UV-visible, infrared, 
nuclear magnetic resonance spectroscopic techniques, cyclic voltammetry and 

thermal characteristics by 
thermogravimetric analysis and 
differential scanning calorimetry. The 
detailed synthetic approaches and 
resulted materials characterization and 
their applications will be presented in 
poster. 
 

Figure 1. Structures of the polymers and model complexes. 
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Study of piezopolymers and composites as transduction materials for specific 
applications has gathered momentum. The increasing interest in Polyvinylidene 
fluoride (PVDF)  and its copolymers as transduction materials in many fields is 
mainly due to their unique features such as flexibility, matching characteristic 
acoustic impedance to that of water (3.94 MRayl),  ruggedness, low mass and very 
broad band (millihertz to gigahertz) applicability. Their availability in large area 
sheets, and viability of vapour deposition of electrodes on their surface make 
them suitable for inexpensive transducer arrays. The major objective of the 
present work is to improve the piezoproperties of polyvinylidene fluoride 
polymers and poly(vinylidene fluoride-hexafluoropropylene) P(VDF-HFP) 
copolymers by developing 0-3 composites with the incorporation of PZT-5H. 
Thick polymer films and composite films (0.5 mm) were made using melt mixing 
and hot press method. The effect of loading of PZT on the crystalline properties, 
dielectric properties and mechanical properties is studied in detail. Microstructure 
and crystalline structure analysis are investigated using scanning electron 
microscopy (SEM) and XRD, thermo mechanical studies were conducted by TGA, 
DSC and DMA analysis, dielectric properties are measured using LCR meter. These 
films were poled using corona poling and the piezoproperties were evaluated for 
their applicability towards large area sensors such as flank arrays and conformal 
arrays for curved structures for underwater acoustic applications.  
 

 
 
 
 

Figure: XRD of different polymer and composite films 
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In this work we report the simplest way to formation of polar γ -phase (α to γ -
phase) of poly(vinylidene fluoride) (PVDF) using only conducting reduced 
graphene oxide (RGO) using solution casting method. It was found that RGO can 
achieved ~99% γ -phase conversion by simply controlling the filler precursor 
amount. Fourier transformed infrared spectroscopy (FTIR) and Raman 
spectroscopy confirmed stabilizing the polar γ -phase with molecular interaction 
of PVDF with the filler RGO. The PVDF film doped with RGO exhibit various 
functionalities, i.e., human touch response, enhanced ferroelectric remnant 
polarization with high energy density. Besides conventional piezoelectric sensor 
and actuators, it naturally lends to futuristic applications as vibration based 
energy harvester, ferroelectric non-volatile memory element and lightweight 
foldable optoelectronic device. Compared with pure PVDF film, a significantly 
increased dielectric constant (ε ~41) and a low dielectric loss (~0.14) were 
observed in PVDF-RGO nanocomposites at 1 kHz. In addition, PVDF-RGO 
nanocomposites exhibit a higher electrical released energy density up to 0.74 
J/cm3 with a breakdown electric field only at 600 kv/cm with high electrical DC 
conductivity 3.30 ᵡ10-3 S.cm-1. 
 

Keywords: PVDF, Reduced graphene oxide, Polar γ-phase, Energy harvesting, Piezoelectric, 
Sensor, High Dielectric Constant, Low dielectric loss, DC electrical conductivity. 
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Supercapacitor also known as electrochemical capacitor is the alternative source 
of energy, which is unique because of its high power density, moderated energy 
density and very high cycle life. The superiority of supercapacior solely depends 
on its active material and the used electrolyte. There are several approaches to 
prepare active material for supercapacitor by combining the high surface area 
carbon materials and pseudocapacitive materials in a single composite. However, 
although these materials exhibit high specific capacitance, the low working 
potential still cannot avoid the problem of low energy density. The objective of 
the work is to prepare an electrode material and fabricate a device, which can 
exhibit high energy density at a high power delivery rate. In order to achieve this 
goal we have prepared ternary nanocomposites by combining the EDLC active 
material (CNT) with pseudocapacitive metal oxide (Mn3O4) and conducting 
polymer (PANI) by following a hydrothermal process followed by in situ oxidative 
polymerization of aniline monomer. The high electrochemical utility of the 
pseudocapacitive Mn3O4 was achieved in its graphene based hybrid composite. 
The combination of PANI with the binary composite resulted in a better 
synergistic interaction amongst the three and an improved specific capacitance 
was achieved. PANI formed a conductive network throughout the composite and 
also induced a porous architecture. However, the ternary nanocomposite was 
unable to show the cell voltage beyond 1V in aqueous electrolyte. In order to 
achieve higher energy density we employed an asymmetric electrode 
configuration by using the as prepared ternary nanocomposites as anode 
material and reduced graphene oxide as cathode material. The asymmetric 
supercapacitor was able to give a high operating voltage of 1.8 V, which resulted 
in very high energy density without any significant loss of power density. 
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We have reported a Ruthenium(0) Cobalt based nanoclusters which is 
incorporated into conducting polyaniline nanowires via in situ polymerization. 
Initially the Ru-Co nanocomposites are synthesized by reduction of a mixture of 
Ru(III) and Co(II) chlorides by NaBH4 solution. After its incorporation into the 
conducting polymeric (PEDOT) surface, it is used as a reproducible catalyst for 
hydrolysis of NaBH4 in alkaline medium. The obtained catalyst is characterized by 
TEM with EDS. The hydrolysis kinetics measurements show that the 85wt% NaBH4 

+ 15wt% Ru-Co PEDOT nanocomposites in 1M NaOH exert best result of the 
catalyst among all combination. PEDOT gets soluble in alkaline water during 
hydrolysis of NaBH4 and the nanocrystalline Ru-Co gets free to act as nano-
catalyst to obtain best performance. A hydrogen generation rate of 40.1 Lmin-1g-1 
at 30ºC has been achieved, which shows better performance with respect to 
other catalysts reported earlier. 
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Conjugated microporous polymer having high surface area was synthesized 
using well-defined building blocks comprising triazine as a source of nitrogen and 
thiophene as a source of sulfur by Sonogashira-Hagihara coupling reaction. This 
porous polymer was used as precursor to prepare nitrogen and sulfur doped 
porous carbon with exactly controlled locations of nitrogen and sulfur atoms by 
thermal carbonization. This material was then used as metal free electrocatalyst 

for oxygen reduction reaction. The 
material also acts as active material 
supercapacitor. We studied the effect of 
carbonization temperature on 
electrocatalytic performance and 
supercapacitive behavior of the material. 

Figure 1: 1(a) ORR and 1(b) Supercapacitor performance of material 
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High levels of fluoride concentration in water cause serious health problems to 
human being. Fluorosis, caused by intake of fluoride has attained an alarming 
dimension. In India alone about 30 million people are suffering from fluorosis. 
According to WHO guideline, the permissible limit of fluoride in drinking water is 
1.5 mg/L. So, there is tremendous need for the simpler and easier methods of 
detection of fluoride in drinking water. Yellow color of PCV (Pyrocatechol Violet) 
changes to blue or blueish violet depending on the pH by binding to a metal ion. 
When fluoride is added, the colour changes from blue to yellow and can be 
detected by naked eye at pH 4.2. This colour change is due to the replacement of 
water molecule from Zr-EDTA network and formation of the Zr-F complex.The 
coloring agent i.e. mixture of Zr, EDTA and PCV in a definite amount was 
entrapped in a hydrogel using PVA, gelatin and glutaraldehyde prepared in the 

form of a membrane by solution casting 
method. The membrane was 
characterized by FTIR and SEM.The water 
containing known amount of fluoride 
was tested by this hydrogel and a 
definite color gradient from blue to 
yellow was visible through naked eye. 

Fig- Change in color with the change in fluoride concentration in ppm 
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Copolymerization of linseed oil with styrene and divinyl benzene is carried out by 
thermal free radical polymerization at 1200 C. Linseed oils are obtained naturally 
from seeds, which is basically a triglyceride consisting of a mixture of saturated 
and unsaturated (oleic, linoleic and linolenic) fatty acids. This oil can also be 
modified via hydro peroxide, peroxide, epoxide and perepoxide formation [1, 2]. 
In this work, we have attempted to copolymerize linseed oil with styrene and 
divinyl benzene and the resulting polymer is used as a sensing film on quartz 
crystal microbalance (QCM) for the detection of aromatic hydrocarbon such as 
benzene, toluene, p-xylene, dichlorobenzene. QCM is very simple, highly 
sensitive, easy to use, low cost and can work at room temperature. The sensor is 
fabricated by using the synthesized linseed oil-styrene-divinylbenzene copolymer 
by simple solution dip coating method [3]. Linear sensitivity plot is obtained in 
the concentration range of 10-250 ppm of the aromatic hydrocarbon vapours. 
The sensitivity values are found to be approx 0.92Hz/ppm. The sensor is found to 
be more sensitive towards p-xylene vapour than other hydrocarbon compounds. 
The structure of the polymer film is characterized by FTIR spectroscopy and the 
morphological study of the film is carried out by FESEM. The sensors are reusable 
and can be reactivated by releasing the adsorbed vapor. Hence the sensors may 
find potential application in the monitoring and controlling the concentration of 
aromatic hydrocarbon vapour in coating industry.  
 
 
 
 
 
 
 
 
 
 
References: 
[1] Wick, Z.W.; Jones, F.N.; Pappas, P.S.SPE Monograph Series, New York 1992.  
[2] Singleton, D.A.; Hang, C.; Szymanski, M. J.; Meyer, M.P.; Leach, A.G.; Kuwata, J.S.; Greer, A.; Foote, C. S.; 

Houk, K. N. J. Am. Chem. Soc. 2003, 125, 1319-1328. 
[3] Das, R.; Pradhan, S.; Biswas, S.; Sharma, P.; Ghosh, A.; Bandyopadhyay, R.; Pramanik, P. Sens. and 

Acute. B: Chem. 2014, 198, 94-101. 



456 

 

Ternary nanocomposite based on graphene-single walled 
carbon nanotubes-poly(3-methylthiophene) for 

supercapacitor application 

Saptarshi Dhibar* and Chapal Kumar Das 
Materials Science Centre, Indian Institute of Technology Kharagpur, 

Kharagpur – 721302, India 
*saptaiit2009@yahoo.com  

 
In this present study we report a cost effective and easy synthetic procedure for 
the fabrication of graphene-single walled carbon nanotubes-poly(3-
methylthiophene) ternary nanocomposite for high performance supercapacitor 
electrodes. The possible interaction between both graphene (Gr) and single-
walled carbon nanotubes (SWCNTs) with poly(3-methylthiiphene) (PMT) was 
characterized by Fourier transform infrared, UV-visible, and Raman 
spectroscopies. Morphological confirmed the formation of bridge in between 
PMT coated SWCNTs with Gr layers. The ternary nanocomposite showed superior 
electrical conductivity of 4.68 S/cm at room temperature and also reached 
nonlinear current-voltage characteristics. The ternary nanocomposite achieved 
highest specific capacitance of 561 F/g at 5 mV/s scan rate. High energy density as 
well as power density was obtained for the ternary nanocomposite. Here both Gr 
and SWCNTs takes parts for the increment of electrochemical properties. Higher 
thermal stability also observed for the ternary nanocomposite. Based on the 
outstanding properties the ternary nanocomposite can be used as potential 
candidate for the high performance supercapacitor electrode.  
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The designing molecules for diverse uses are the most challenging one. The 
challenge can be attained by designing the macromolecules with a appropriate 
chemical structure. Because of the flexible reactivity of P – centres, 
organophosphorus compounds represent a pool of building blocks for variety of 
materials with novel properties. Hence, we have synthesized a variety of 
polyethers having phosphorus in the chain using bis(hydroxymethyl)phosphine 
sulfides as monomers, polyethers with phosphate pendent groups using catalysts 
designed in our lab and hyper-structured molecules using cyclophosphazene 
cores. Further, solid polymer electrolytes (SPE) were prepared using these 
molecules and studied their Li-ion conductivity. Some of the SPEs showed 
conductivity in the range of 10-4 S cm-1 which showed a potential use as polymer 
electrolytes for Li-ion battery. 
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“Green materials” and “green technologies” are emerging avenues for achieving 
ambitious goals in the field of electronics. An interesting area of interdisciplinary 
research field encompassing Chemistry, Material Science and Biotechnology is 
“Organic electronics”. Herein, we have reported the development of cost effective 
and highly responsive hybrid material based on carbon coated natural polymer 
(Bombyx Mori silk) as a explosive vapour sensor. The 3D nanoporous scaffolds of 
Bombyxmori silk provides a large surface area while carbon nanopowder impart 
electrical conductivity to the scaffolds. Such scaffolds as an explosive vapour 
sensor is highly desirable as it is environmentally benign and its disposal after use 
is not a problem. The deposition of carbon nanopowder on 3D nanoporous 
scaffolds has been done by Chemical Bath Deposition. The characterization and 
morphological studies has been done by TGA, Impedence analyzer and FESEM. 
Electrical vapour sensing of explosives has been done by I-V measurements. Two 
fold increase in sensitivity was observed in presence of Picric acid vapour. Such 
work will help to develop green and miniaturized sensing system for explosive 
detection. 
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Owing to the fascinating properties such as good electrical conductivity, 
reversible doping and dedoping capability, and tunable electrochemical 
behaviour, nanostructured intrinsically conducting polymers  receive a great deal 
of attention in the field of organic lightweight batteries, flexible photovoltaics, 
efficient sensors and memory devices.[1] However, the development of 
nanoscopic conducting polymers with pointed ends such as nanospindles are 
receiving importance as it can facilitate the smooth transfer of charge carriers 
from end to end. Poly(3,4-ethylenedioxythiophene) (PEDOT) is one of the most 
attractive conducting polymers because of its optical transparency, low band gap, 
flexibility, ease of preparation, good stability, versatility for side chain 
functionalization and bioconjugation.[2-3]  Here we present a unique liquid 
crystalline template strategy for the preparation of electrically conducting PEDOT 
nanospindles. Water dispersible PEDOTSs with controlled size, shape and 
microstructure were prepared using polymerization of the liquid crystalline 
template EDOT–PDPSA. PEDOTSs were formed by polymerizing this liquid 
crystalline EDOT-PDPSA. The formation of nanospindles was confirmed by SEM 
and TEM. Solid state ordering in the template monomer and polymer was 
confirmed by XRD and SAED patterns. Furthermore, electrochemical studies of 
PEDOTS modified glassy carbon electrodes were done for studying the electro-
catalytic oxidation of ascorbic acid.  The electrical conductivity of PEDOTS 
observed as 2.79 Scm-1 and its high thermal stability of 300 C suggests these 
water dispersible nanomaterials can be used as a hole transport layer in 
photovoltaics. 
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Charge transport properties are strongly affected by structural disorder in organic 
semiconductors. Planar structures increases the packing and improves the charge 
transport where as distorted structures diminishes the charge transport. Structure 
of monomers has pronounced effect on distortion in the organic semiconductors, 
where repulsive forces between two aromatic core leads to distortion in the main 
chain ex. biphenyl. Effect of distortion can be easily quantified by change in 
dihedral angle. To study the effect of dihedral angle, we have synthesized 
Isoindigo (Iso) and Diketopyrrolopyrrole copolymers with variation in structure of 
DPP unit i.e. P(Iso-TDPP), P(Iso-FDPP) and P(Iso- BDPP). It is noticed that structure 
of DPP monomer is only accountable for distortion in polymer chain.  Distortion 
in the polymer structures has significant impact on its optical properties. Effect of 

distortion was observed in charge 
transport properties of polymers in organic 
field effect transistors. P(Iso-FDPP) which is 
less distorted has shown highest mobility 
compared to P(Iso-TDPP) and the most 
distorted structure of  P(Iso-BDPP) has no 
field effect mobility 
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Cross-linked anion exchange membranes (AEM) have been prepared from (i) 
poly(acrylonitrile)-co-poly(2-dimethylamino)ethyl methacrylate(PAN-co-PDMA) 
and (ii) polyn-butyl acrylate-co-poly(acrylonitrile)-co- poly(2-dimethylamino)ethyl 
methacrylate (PnBA-co-PAN-co-PDMA) terpolymer by quaternizing the DMA 
moieties followed by cross-linking of –CN groups with hydrazine hydrate.1,2 This 
process avoids the use of carcinogenic chloromethyl ether (CME) which is widely 
employed for chloromethylation reaction for the preparation of AEMs.3 It turned 
out that the terpolymer-based AEM exhibited superior electrochemical properties 
and faster desalination of water when tested in electrodialysis (ED) unit. 
Terpolymer-based AEM (AEM-2) containing 26 wt% PDMA and 17wt% 
hydrophobic PnBA exhibited low water uptake (12%), high ion-exchange capacity 
(IEC = 1.30 meq/g), high ionic conductivity (Km = 4.57 mS/cm) and high transport 
number (t-=0.93). The AEM-2 also exhibited low power consumption (0.66-0.95 
KWhkg-1) and high current efficiency (94-96%) at applied potential 1.5-2 V/cell 
pair. On the other hand, AEM prepared from bicomponent copolymer (AEM-1) 
exhibited higher power consumption (0.94-1.15 KWhkg-1) and lower current 
efficiency(74-80%) than that of AEM-2 under similar experimental conditions. 
Similarly, a new cation exchange membrane (CEM) was also prepared from PAN-
co-PnBA-co-polystyrene sulfonic acid sodium salt (PAN-co-PnBA-co-PStSO3Na) 
terpolymer containing 14 wt% PStSO3Na and 10 wt% PnBA. This membrane also 
exhibited good electrochemical properties and rapid water desalination via ED. 
Fig. 1 shows the amount of salt removal (concentration of salt in diluted 
compartment in ED unit) with time.The remarkable effect of hydrophobic PnBA 

on the AEM-2 and CEM performance is attributed to 
the enhanced hydrophobicity, nano phase separation 
of PAN-co-PDMA or PAN-co-PStSO3Na domains in the 
membrane matrix, low degree of water uptake and 
absence and/or lowering of freezing bound water 
content in the membrane. 
 

Fig.1 Concentration of NaCl vs time plots for AEM-1, AEM-2 and CEM 
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Facile synthesis of graphene oxide (GO) is of high importance for the preparation 
of graphene sheets. Graphene oxide is prepared from graphite by several 
methods. In the present work, we introduce a milder method of GO synthesis 
from tattered graphite. For the preparation of tattered graphite, micron sized 
graphite is refluxed in conc. Nitric acid for 24 hours.1 The resultant material is 
filtered and washed several times with deionized water to remove all acid 
impurities and dried in oven at 80 oC. Further, potassium permanganate and 
tattered graphite (3:1 ratio) are milled together until homogeneous. Then 
transferred to a beaker (in ice-bath) and conc. sulfuric acid (98 %,) is added drop-
wise with continuously stirring. The stirring is continued till a large volumetric 
expansion is observed. Deionized water is added, with rapid stirring followed by 
heating at 90 oC for ~ 1 hour and black colored suspension is formed. The 
suspension is centrifuged to remove the acid supernatant followed by washing 
with water : methanol mixture till neutral pH to remove the impurities of acid and 
salt. Black GO is dried and collected and characterized by FTIR, UV-vis absorption 
spectroscopy, Raman spectroscopy, and XRD. I(D)/I(G) ratio from Raman spectra 
suggests 47.3 Å cluster diameter and from XRD the crystallite size is calculated to 
be 46.1 Å, corroborating the Raman results. Finally GO is used as hole transport 
layer in organic photovoltaic device and compared with conventional PEDOT:PSS, 
which will be included in full paper.  
 

 
Figure 1. [A] XRD [B] Raman spectra and [C] UV-vis spectra (in water) of GO. 
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Impact of hydrophilic zeolite namely 13 X modified by introducing organo-
sulfonic acid groups through silane condensation; dispersed in sPEEK is studied 
for direct methanol fuel cells.  Crosslinking of sPEEK with SSA is proven to be 
beneficial to provide the additional stability to the matrix that also helps in 
enhancing the ionic conductivity. Organo-sulfonic acid groups present in 13X 
zeolite will restrict the methanol cross-over and also provides the additional ionic 
conducting groups for the overall improvement in the performance.  Ion 
exchange capacity, water and water-methanol mixture sorption and proton 
conductivity for the composite membranes have been extensively investigated. 
DMFCs comprising sPEEK-SSA-organo-modifed zeolite 13X (60:20:20 ratio) 
composite membrane delivered peak power densities of    92 mWcm-2 ,while peak 
power density of 73 mWcm-2 is obtained for the DMFC comprising pristine sPEEK 
membrane at 70 oC as shown in the Figure. The results highlight that these sPEEK 
based composite membranes exhibit higher DMFC performance and lower 
methanol permeability in comparison to pristine sPEEK membrane.  
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Coal burning power plants that consume pulverized solid fuels produce huge 
amounts of fly ash (FA), which is the largest industrial waste in the world. 
Utilization of the waste FA is attempted for electrical application in the present 
investigation by converting FA to Nano-fly ash (NFA). NFA was prepared from FA 
by high energy ball milling process. After 60 h ball milling FA became amorphous. 
The effects of loading level of NFA on the electrical, mechanical, and surface 
properties of silicone rubber (SIR)nano-composite were investigated. Filler 
concentration range was varried between 0 to 30 phr (parts of NFA per hundred 
parts of SIR). SIR/NFA nano-composites showed excellent electrical properties due 
to the presence of SiO2 (64%) in NFA. To measure the effect of addition of NFA on 
the flammability of SIR nano-composite, their limiting oxygen index (LOI) was 
evaluated. The greater the LOI of a given material the lower is its flammability. It is 
seen that addition of NFA moderately increases the LOI of SIR nano-composites 
i.e. the presence of the AL2O3 in NFA reduced the flammability of the SIR nano-
composites. Transmission electron microscopy (TEM) studies revealed that the 
NFA nanoparticles were well dispersed throughout the SIR matrix at lower NFA 
loadings, whereas agglomerated structures were found for higher NFA addition 
(30phr). The strain dependence rheological study concluded that the elasticity 
generated in the SIR/NFA nano-composites provides better relaxation mechanism 
due to the significant dispersion of NFA up to 20phr into the SIR matrix during 
melt processing. The hydrophobic nature of the nanocomposites increased up to 
20phr due to NFA addition as at this concentration dispersed homogeneously 
and showing better SIR–NFA interactions. The study indicates that NFA can be 
effectively used as a reinforcing modifier for the SIR for High voltage electrical 
applications.  
 
Keywords: Nano-Fly Ash, Silicone rubber, Transmission electron microscopy, Limiting 
oxygen index, Hydrophobicity 
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Porous polymers have been utilized in numerous applications. Porous polymers 
are polymeric materials containing one or more pores and can be designed to 
possess high surface area and well-defined porosity. Some interesting examples 
are hollow bamboo, honeycomb with hexagonal cells, and alveoli in the lungs. 
Porous polymers can be classified into microporous (pore size smaller than 2 nm), 
mesoporous (pore size in the range of 2-50 nm) and macroporous (pore size 
larger than 50 nm) polymers. Porous polymers find applications in gas storage 
and separation materials, in sensors, in filtration / separation membranes, in 
proton exchange membranes, etc. 
Several techniques are employed for preparing porous polymers, for e.g, phase 
inversion, direct templating and direct synthesis, among the others. 
In this poster, we report the preparation and characterization of porous polymers 
based on polyetherimide (PEI). The resulting polymers exhibited macroporosity in 
the range 300-800 nm as seen in SEM. These porous polymers were subjected to 
Li-ion transport/ conductivity by making a coin cell using LiPF6 in EC / DEC (1:1, V / 
V) as an electrolyte. The Li-ion transport number was obtained in the range 0. 6-
0.7 and is comparable to Celgard the standard Li-ion battery separator material. 
 

 

 

 

 

Figure 1. SEM images of polyetherimide (PEI) 
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Need for a proper replacement of high cost per fluorinated membranes has been 
focused much more attention in order to serve as a polymer electrolyte 
membrane (PEM) in fuel cell technology. It is well known that any ion permeable 
material can function as a barrier and serve as PEM in fuel cell operations. In our 
current research, we have dealt with polyolefin - low density polyethylene (LDPE) 
membrane, one of the well known commodity thermoplastic materials for daily 
uses and its surface has been modified through sulphonation at room 
temperature. The sulphonation of LDPE was carried out by using chlorosulphonic 
acid (Cl-SO3H) at different time interval. The maximum degree of sulphonation 
was found to be 15% which was confirmed by FT-IR spectroscopy and with the 
increase of degree of sulphonation a reduction in the degree of crystallinity (from 
XRD and SEM data) was achieved indicating that the crystalline LDPE was 
transformed gradually into its amorphous equivalent. The enhanced property of 
the surface sulphonated LDPE membrane was also characterized by its water 
uptake, swelling thickness, ion-exchange capacity and proton conductivity 
values. In overall, the study depicts that the sulphonated LDPE can be useful as a 
low cost PEM for fuel cell application.  
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A polymer electrolyte nanocomposites membrane, comprised of poly (vinyl 
alcohol) (PVA), chitosan and poly (styrene sulfonic acid) (PSSA) polymers and 
montmorillonite (MMT) Cloisite®30B clay has been fabricated and characterized 
for the direct methanol fuel cell application. Thermal gravimetric analysis (TGA), 
differential scanning calorimetry (DSC), dynamic mechanical analysis (DMA), X-ray 
diffraction (XRD), methanol permeability and proton conductivity measurements 
have been carried out to study the electrolyte membrane. A comparative study 
has been also carried out to compare the properties of 
PVA/PSSA/Chitosan/Cloisite®30B clay composite membrane with PVA/PSSA, 
PVA/PSSA/Chitosan and Nafion®117 membranes. Properties such as methanol 
permeability and water uptake have been found superior than that of Nafion®117. 
The proton conductivity of the membrane has been found in the range of 10-2 S 
cm-1. 
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Hydroxyl terminated polybutadiene (HTPB) acts as work horse binder in the 
formulation of solid propellant. Hydroxyl value is one of the important parameter 
for the characterization of HTPB. Acetylation using pyridine as catalyst as well as 
solvent is generally employed for hydroxyl value determination. Pyridine method 
has certain limitations due to its high toxicity. This paper presents a methodology, 
free of pyridine for determination of hydroxyl value of HTPB by using catalyst and 
solvent system comparatively less toxic than pyridine. We have explored the 
catalytic potential of imidazole and its derivative in the acetylation of HTPB. Effect 
of various parameters such as amount of sample, reaction (reflux) time, ratio of 
reagent and solvent, concentration of catalyst etc. on the hydroxyl value of HTPB 
were investigated. Moreover titration parameters were also optimized with the 
aqueous NaOH and alcoholic KOH as titrant. The present methodology is 
comparatively safer alternative than well-established pyridine method to 
determine the hydroxyl value of HTPB. 
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In recent days, Supercap battery added a new sparkling dimension in energy 
storage related research. The objective of the present work is to fabricate hybrid 
supercapacitor by combining the battery like electrode and supercapacitor like 
electrode in a single system which will be able to deliver high energy density with 
no compromise with power density. To achieve the goal we choose the polymeric 
nanocomposites of graphene incorporated Polyaniline wrapped lithium Cobalt 
Oxide nanoglobules as the battery active material and 3D graphene nanosheet 
network as the supercapacitor electrode material. The main function of the 
ternary composite is to provide high specific capacitance, owing to the significant 
synergistic interaction ammongst the three. Whereas the 3D graphene which is 
covalently bonded single layer graphene sheets,  influence the rate of charging 
and discharging. It has got a very high specific surface area ( 3000 m2g-1) and 
lithium ion adsorption property. This LiCoO2/graphene/Polyaniline composite 
shows an improved specific capacitance value as well as very high cycle stability. 
Formation of lithium cobalt oxide can be confirmed by x-ray diffraction analysis. 
Spinal structure can be detected by using Rietveld refinement.Spectroscopic 
analysis reveals the formation of graphene, 3D Graphene and 
LiCoO2/Graphene/Polyaniline composite. Microscopic analysis shows a porous 
nature of the 3D graphene and the LiCoO2 are in the form of nanoglobules. 
Interaction between graphene with LiCoO2/Polyaniline influences its attractive 
and promising performance along with a very high dimension stability, 
environmental stability and reproducibility. 
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Nano composites of polyaniline salt with manganese oxide are prepared by 
aqueous, emulsion and interfacial polymerization pathways of aniline using 
methyltriphenylphosphonium permanganate as novel organic oxidant. 
Polyaniline composites are characterized by FT - IR, FE - SEM, EDAX, XRD, TGA and 
conductivity measurements. XRD spectrum supports the formation of PANI-
Mn5O8.  PANI - Mn5O8 sample prepared by emulsion polymerization pathway 
shows nano fiber morphology with high conductivity (9.4 S/cm). Composites 
prepared via three different polymerization pathways are used as electrode 

materials in pseudocapacitor in symmetric 
configuration. Pseudocapacitor systems are 
characterized by cyclic voltammogram, 
galvanostaticcharging/ discharging, and electro-
chemical impedance spectroscopy. The results of this 
study will be discussed.   

 
SEM image of PANI-Mn5O8 
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The use of conjugated polymers (CPs) as a highly sensitive material signifies novel 
and promising future in the cross-disciplinary areas of chemistry, material 
sciences, and biological sciences1. In recent years, immense research has been 
focused on the selective detection of chemical and biological species using CPs2. 
A novel water soluble cationic conjugated polymer PMI was synthesized by cheap 
and economical method of oxidative polymerization. PMI displays extraordinary 
stability in full range of pH, sea water, brine, urine, etc. and performs efficient 
detection, discrimination as well as separation of “moderately dissimilar” anionic 
surfactants viz. sodium dodecyl benzene sulfonate (SDBS) and sodium dodecyl 
sulfate (SDS) in very low parts per billion (ppb) levels respectively. PMI formed 
stable hydrogels in presence of SDS whereas, SDBS formed precipitates with PMI 
as a result of different inter polymer co-facial arrangement via Columbic 
attraction. A critical problem associated with anionic surfactants (SDBS and SDS) 
is their extensive misuse as an adulterant and masking agents along with abusive 
and performance enhancing drugs to evade detection such as doping tests3. The 
complex forming ability of PMI with SDS and SDBS facilitated their separation and 
removal from water or drug-doped urine samples without the use of any organic 
solvent, chromatographic technique or solid support. The surfactant free sample 
solutions could be precisely analyzed for the presence of illicit drugs by any 
standard methods. Using this protocol, a rapid and practical method to efficiently 
detect, distinguish and separate SDS and SDBS in water, urine, harsh conditions 
and natural chemical environments at ppb levels is demonstrated. 
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Development of barrier materials for organic device encapsulation is of key 
interest for the commercialization of organic electronics.  In this work, we have 
fabricated barrier films with ultra-low water vapor permeabilities by reactive 
layer-by-layer approach.  Using this technique, alternative layers of polyethylene 
imine and stearic acid were covalently bonded on a Surlyn film.  The roughness, 
transparency and thickness of the films were determined by atomic force 
microscopy, UV-visible spectroscopy and scanning electron microscopy, 
respectively.  Water vapor transmission rates through these films and the ability 
of these films to protect the organic photovoltaic devices was investigated.  The 
film with covalently assembled bilayers exhibited lower water vapor transmission 
rates and maintained higher organic photovoltaic device efficiencies compared 
to the neat Surlyn film.  
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A layer-by-layer approach was used for the fabrication of multilayer films for ultra-
high gas barrier applications. The ultra-high gas barrier material was designed by 
incorporating Nafion layer in between bilayers of poly (ethylene imine) and poly 
(acrylic acid) on a Surlyn substrate. When the barrier film with self-assembled 
Nafion is exposed to the moist environment, Nafion absorbs and desorbs water 
molecules simultaneously, thereby reducing the ingress of moisture in to the film. 
In order to study the effect of Nafion, the fabricated barrier materials with and 
without the presence of Nafion were tested for water vapor barrier properties. 
The barrier films were further used for encapsulating organic photovoltaic 
devices and were evaluated for their potential use in barrier applications. The 
devices encapsulated with the films containing Nafion exhibited better 
performance when subjected to accelerated aging conditions. Therefore, this 
study demonstrates the effectiveness of self-assembled Nafion in reducing the 
water vapor permeability by nearly five orders of magnitude and in increasing the 
lifetimes of organic devices by  22 times under accelerated weathering 
conditions. 
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Over the past two decades, there has been dramatic advances in the synthetic 
strategies for the development of multifunctional materials by taking inspiration 

from nature.1 Incorporation of peptide 
residue in the synthetic polymer may 
create a new class of non-biological 
hybrid materials with bio-mimetic 
structure and property.2-5 In this context, 
an effective strategy have been 

developed to synthesize well defined peptidic side-chain macromolecules taking 
a representative short peptide segment Leu-Val-Phe modified vinyl monomer 
corresponding to amyloid β-peptide Aβ1-42, via reversible addition-fragmentation 
chain transfer (RAFT) polymerization technique.6 Furthermore, monomethoxy 
poly(ethylene glycol) (mPEG) macro-chain transfer agent is employed for their 
RAFT polymerization to prepare peptide based amphiphilic nano-carriers as a 
promising reservoir for nile red or doxorubicin. These hybrid materials can easily 
generate primary amino groups in terminal of side-chains providing pH-
responsiveness and cationic characteristics having complexation capabilities with 
DNA to form polyplex. Circular dichroism (CD) spectroscopy demonstrates the 
formation of β-sheet conformation from these peptidic polymers, which was 
stable against heat within experimental temperature range and solvent polarity. 
In vitro cytotoxicity studies indicates the biocompatible nature of these peptidic 
materials, and confocal laser scanning microscopy (CLSM) images revealed 
cellular uptake of their drug/dye loaded micelles, which potentially offers them as 
a suitable candidate with dual bioapplications for drug delivery as well as gene 
transfer. 
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Regulation of enzymatic activity has attarcted broad interest in biomedical and 
biomaterial fields. However, enzymes are generally unstable under extreme conditions 
such as high temperature, high or low pHs, organic solvents etc and thus they are 
easily denatured or inactivated leading to the serious problem for biotechnology and 
pharmaceutical applications. In our study, we show a unique phenomenon for the 
regulation and preservation of enzymatic activity of lysozyme and ribonuclease A 
(RNase A) using a cationic smart copolymer, poly (N,N-diethylaminoethyl 
methacrylate)-graft-poly (ethylene glycol) (PEAMA-g-PEG), even after the severe heat 
treatment. PEAMA-g-PEG suppressed the enzymatic activity of lysozyme owing to 
capping of the active site of lysozyme, which involved an electrostatic interaction 
between the negatively charged active site of lysozyme and the positively charged 
amine moiety of PEAMA-g-PEG at neutral pH despite the fact that both are positively 
charged. The inhibited enzymatic activity was recovered upon the addition of 
poly(acrylic acid) to the lysozyme/PEAMA-g-PEG complex even after the heat 
treatment1. In addition, we found that PEAMA-g-PEG prevents heat inactivation of 
RNase A, which has a positively charged active site opposite to that of lysozyme. 
Interestingly, after treatment at 98 ºC for 10 min, the enzymatic activity of RNase A 
complexed with PEAMA-g-PEG was maintained at up to 75% of the level of the native 
RNase A whereas PEG was not able to prevent the heat induced irreversible 
inactivation of RNase A. To note that the heat resistance of RNase A was increased 
upon the addition of only PEAMA-g-PEG . In our another study, we found that the 
enzymatic activity of RNase A were switched off/on by the external addition of PAAc 
and PEAMA-g-PEG. Moreover, recently the mechanism of interaction between enzyme 
and polymer was also investigated using other related polymer. Our findings 
suggested that the hydrophobic interaction coupled with electrostatic interaction may 
plays the key role for the enzyme/polymer complexation. 
Circular dichroism (CD) spectral analysis revealed that heat-induced irreversible 
inactivation was largely suppressed when enzymes was heated with PEAMA-g-PEG. 
Therefore, we successfully regulated the enzymatic activity and consequently 
improving the heat resistance of enzymes by means of noncovalent interactions 
between enzyme and polymer. 
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 Polyurethane (PU) foams are indispensable in the field of footwear in different 
forms such as sole, insole, memory foam etc. To reduce the adverse impact on 
environment and disposal cost of foam products based on non-renewable 
sources, the alternative biodegradable commercial polyester triol, caprolactone 
polyol (M. W. 2000) has been chosen as monomer. Biodegradable PU foams are 
formulated from the components, caprolactone polyol, hexamethylene 
diisocyanate, 1, 4- butane diol, dibutyltin dilaurate, tertiary amine (PMDETA), 
silicone surfactant/Tegostab B8993 and blowing agent (Tegoamine BDE) at 
ambient temperature. A series of PU foams were prepared by the variation of 
components in formulation1 to improve their physical and morphological 
properties. Both hard and soft segments of PU foams form less density 
elastomeric foams with high cross linking network, which are showing the desired 
properties such as density, hardness, compression set, cushioning energy and 
cushioning factors to meet the requirement as footwear material.2 PU foam 
sample, which can exhibit desired physical properties, potential control sample in 
insole application has been modified with antistatic properties.3  Control PU foam 
formulation loaded with fullerenes (0.1, 0.4 and 1 wt. %) as an additive have 
formed PU nanocomposites foams. PU control and PU nanocomposites foams 
were characterized by ATR-IR, UV-vis DRS, Optical Microscope, SEM, DSC, TGA, 
durometer, two-probe method and surface resistivity meter to study structural, 
morphological, thermal, electrical resistance and antistatic properties.  
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In present investigation locust bean gum (LBG) was selected for exploring its 
potentiality as a component of IPN microspheres with poly(vinyl alcohol). Highly 
water soluble, short half lived, buflomedil hydrochloride (BH) was chosen as 
model drug. The microspheres were prepared by emulsion crosslinking method 
using glutaraldehyde (GA) as a crosslinker. The microspheres showed poor 
entrapment and well controlled release property. Moreover, high amount of GA 
was required to crosslink the polymer combination. The aqueous blend of LBG 
and PVA showed phase separation on long standing. To overcome these 
problems, native LBG was replaced by carboxymethylated locust bean gum 
(CMLBG) to prepare BH entrapped IPN microspheres with PVA. The blend of 
CMLBG and PVA showed well miscibility and a homogeneous phase was 
obtained. However, The IPN particles showed less entrapment efficiency than that 
of LBG-PVA IPN microspheres with faster drug release. Therefore, the native LBG 
was modified to acrylamide grafted LBG (Am-g-LBG). The modified gum was used 
in combination with PVA to develop Am-g-LBG-PVA IPN microspheres. The 
developed microspheres showed better drug entrapment efficiency and well 
controlled release property than the previous formulations. Particles were 
moderately pH sensitive in nature. GA requirement for crosslinking the IPN 
microspheres were much less than the previous formulations. Since the IPN 
microspheres were composite material, their biocompatibility and real time in-
vivo performance should investigate with better understanding. All three IPN 
microspheres were subjected for comparative stability, toxicity, biodegradability 
and single dose in vivo pharmacokinetic evaluation. All the three IPN 
microspheres were observed as stable, nontoxic and biodegradable in nature. 
From in vivo pharmacokinetic study, it was observed that, the Am-g-LBG-PVA IPN 
microspheres were having best controlled release property in biological 
condition. Thus, the modified biopolymer based IPN microspheres can be a better 
approach for “spatial placement” and “temporal delivery” of highly water soluble 
drugs. 
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There is growing interest in non-woven nanofibers for biomedical applications 
because they mimic extracellular matrix and being nano size they enable 
interactions with cells at molecular level1. Electrospinning technique is widely 
used for developing the nanofibers as it is simple, easy to handle and viable for 
preparation. We used this technique for developing new nanofiber materials 

based on natural and synthetic polymers which are 
environment safe and immobilized bioactive molecules, 
characterized, and evaluated in vitro drug release, 
antibacterial activity and cytotoxicity.  In vivo studies were 
done to find the potential of nanomaterial for wound healing.   
 

1. Rathna et al Polymer Journal, 43, 654 (2011). 
2. Rathna et al Materials science and engineering C 2014  
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Novel bone cement formulation has been developed based on nanohybrid 
technology which is capable of healing the fractured bone in one-third time (in 30 
days) than that of natural healing process. 
Nanohybrids of poly(methyl methacrylate) (PMMA) 
based bone cement, being used as grouting 
material in joint replacement surgeries, with 
organically modified layered silicates of varying 
chemical compositions have been prepared by 
manual mixing. It exhibits considerably low 
temperature, reduced by 12oC, arising from exothermic polymerization, and 
thereby, circumvents the reported cell necrosis during implantation using pure 
bone cement. The thermal stability and mechanical superiority have been verified 
through higher degradation temperature, better stiffness, superior toughness 
and significantly higher fatigue resistance behavior of nanohybrid vis-à-vis pure 
bone cement to make it appropriate for implant material. The biocompatibility 
and bioactivity have been confirmed using cell adhesion, cell viability and 
fluorescence image to understand the cell health on different materials and have 
been compared for their suitability. Osteoconductivity and bone bonding ability 
have been monitored in vivo on rabbits through radiographic imaging and 
histopathology of growing bone and muscle near the surgery site. The observed 
dissimilarity of properties in two different nanoclays as fillers have been visualized 
through interaction as measured by using spectroscopic techniques and 
elemental influence on bioactivity exhibiting higher efficiency for greater iron 
containing nanoclay.   
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Poly(L-lactide) (PLA), a biodegradable and biorenewable polymer, has many 
excellent properties that are equivalent to petroleum-derived plastics such as 
polystyrene, aromatic polyesters etc. However a major disadvantage of PLA which 
limits its processibility, is its poor melt elasticity. In this work we explore the 
possibility of improving the viscoelastic properties of PLA melt by incorporating 
ionic groups on the polymer. Specifically, we demonstrate the synthesis of star 
telechelic PLA anionomers by a three-step procedure involving synthesis of star 
PLA, converting the hydroxyl end groups into carboxylic acid end groups, and 
finally converting these into ionic groups. The ionomers were characterized using 
NMR, GPC and FTIR to elucidate their molecular structure. Rheology data showed 
dramatic increase in the elasticity of the star telechelic ionomer melts relative to 
the star PLA melts. The degree of crystallinity of the star ionomers was found to 
be lower than that of the precursor star polymers. The star ionomers showed two 
glass transition temperatures. The viscoelasticity of star telechelic ionomers melts 
could be modulated by varying the number of ionic groups per molecule. 
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Aliphatic polyesters have attracted attention in the recent years as a result of their 
permeability, biocompatibility and biodegradability.[1] The classical method in 
producing them involves the catalytic ring opening polymerization of lactone 
monomers and lactides.[2] Catalyst research for the ring opening polymerization 
of lactides and lactones is a topical area of recent developments in homogeneous 
catalysis. These catalysts are usually metal based although recent endeavors in 
this direction prove the role of organo catalytic reagents as another alternative. 
The common methodology of catalyst construction involves the presence of a 
rigid and polydentate  ancillary ligand on the metal center along with the 
presence of suitable initiating groups. Our main efforts include the judgment of 
necessary and sufficient conditions required for controlled ring opening 
polymerization and in understanding the role of ligands[3] present as a catalyst 
component towards polymerization behavior and stereochemistry. Our 
investigations have been mainly restricted to the synthesis and ring opening 
polymerization catalysis of group 4 metal complexes containing imino(phenolate) 

ligands[4,5] and salen.[6] This presentation 
would highlight through suitable case 
studies, the role of the ligand in 
developing suitable technologies. 
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Tissue engineering is an approach where reconstruction of the body parts is 
aimed in order to tackle different degenerative diseases, trauma, chronic 
debilitating conditions, wounds, burns, scars and other defects. For bone and skin 
tissue engineering, selection and synthesis of the appropriate materials is 
governed by their physicochemical properties as well as functional interactions 
with biological samples. Among all, hydrogels poses several novel properties, 
such as non-toxicity, easy to use, cytocompatibility, ability to inject within tissues, 
ability to serve as scaffolds, ability to provide structural integrity as tissue 
constructs, ability to serve as adhesives or barriers between tissue and material 
surfaces. Therefore, hydrogels can support cell growth and are suitable material 
for tissue engineering with huge potential. Remodelling of bone by tissue 
engineering is a realistic option for treating several bone-related patho-
physiological ailments. However, these possibilities are hindered due to lack of 
proper natural and biodegradable surface on which bone cells can adhere 
efficiently and grow further. Hydrogel-based skin tissue engineering is desirable 
as hydrogels have been recognized as “the material of choice” for many 
applications such as drug delivery and regenerative medicine that has been 
widely used for studies of skin biology and differentiation.  
Here, we describe the synthesis and characterization of different new hydrogels 
as effective surfaces which can act as materials suitable for bone and skin tissue 
engineering. Carboxy methyl tamarind (CMT) and other polysaccharide-based 
matrices were selected as semi-synthetic polymers. These hydrogels have been 
prepared by chemically grafting with different synthetic monomer, namely 
hydroxyethyl methacrylate (HEMA), Acrylic acid etc. These synthesised hydrogels 
were characterized for their physico-chemical properties such as UV-
Spectroscopy, FT-IR and swelling. We demonstrate that these materials are 
suitable for effective adhesion, growth and clustering of both osteoclast bone 
precursor cells (RAW 264.7) as well as immortalized human keratinocyte cells 
(HaCaT) without any cytotoxicity. We conclude that the drug coated hydrogel 
made of CMT:HEMA at a ratio of 1:10 is suitable for both bone and skin tissue 
engineering and thus may have clinical as well as commercial application in near 
future. 
Keywords: Hydrogels, cell adhesion, Raw cells, HaCaT cells. 
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Biodegradable block copolymers are important classes of materials for 
therapeutics in cancer. Cisplatin is one of the widely used anticancer drugs for 
treating various types of cancers such as colon, lung, ovarian, testicular and so on. 
Despite the clinical application of cisplatin; neurotoxicity, non-selective 
accumulation of drugs in healthy tissues and low circulation time are some of the 
inherent limitations associated with the administration. Thus, there is a need to 
design and develop novel biodegradable macromolecular architectures for 
cisplatin delivery based on biodegradable block copolymers approach. The 
present work emphasizes the synthesis of γ -carboxylic substituted 
polycaprolactone and its application in cisplatin drug delivery. Polymers were 
prepared via Ring opening polymerization, by using Sn(Oct)2 as a catalyst and 
methoxy triethyleneglycol (mTEG) and methoxypolyethylene glycol (mPEG350, 
mPEG750, mPEG2000 and mPEG5000) as initiators. The synthesized polymers were 
characterized by NMR, IR and Mass spectroscopic analysis. Carboxylic 
functionalized polymers were prepared from the aforementioned polymers, in 
order to chelate cisplatin to polymer back bone and to deliver it to the tumour 
site. Platinum chelation to the polymer was proved by FTIR, TGA and WXRD. 
Cisplatin attached polymer scaffolds formed core shell nanoparticles (CSNPs) in 
water. Self-assemblies were thoroughly studied using DLS, FESEM and TEM. 
Increasing number of ethylene glycol units from 3 (TEG) to 113 (PEG5K) showed 

significant influence on CSNP size and 
cisplatin release profile in PBS. The CSNPs 
decorated with PEG2K and PEG5K showed 
similar release of cisplatin and these particles 
showed slow sustainable cisplatin release 
compared to the rest CSNPs. Further HeLa 
cells were treated with CSNPs in order to 
perceive the cell viability.  
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We currently look at the design of a number of functional bulk materials, e.g., 
aerogels and multicomponent nanofibers in our laboratory where the 
investigation focuses on how the nanoscale crystalline polymer strands1, 
crosslinked thermoset gel networks, polymeric nanofibers2,3, and 5-10 nm 
diameter pearl-necklace silica strands4hierarchically construct the bulk structures 
with nanoscale features. In one example, mesoporous polymer gels filled with 
ionic liquids are used as separators cum electrolytes of lithium ion batteries 
offering high ionic mobility, expanded operating temperature window, and 
strong mechanical performance.  A second example focuses on the design of 
core-shell and side by side nanofiber structures that offer fine balance between 
burst and timed-release of drugs in wound dressing materials. A third example 
considers screening of airborne nanoparticles(100 nm or smaller) using polymeric 
aerogel monoliths with filtration efficiency approaching 100%at an order of 
magnitude higher air permeability than found in HEPA filters.In all these 
examples, the interplay between chemistry, phase separation dynamics, and 
development of nanometric building blocks are investigated with the objective of 
meeting some of the grand technological challenges faced by our generation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: 
1. Wang, X., Jana, S.C. ACS Appl. Mater. Interfaces, 2013, 5, 6423−6429 
2.  Benavides, R., Jana, S.C., Reneker, D.H. Macromolecules, 2013, 46, 6081-6090. 

 Benavides, R., Jana, S.C., Reneker, D.H. 2012 ACS Macro Letters, 2012, 1, 1032-1036. 
3.  Duan, Y., Jana, S.C., Reinsel, A.M., Lama, B., Espe, M.P., Langmuir, 2012, 28, 15362−15371. 

 
 



624 

 

Highly Exfoliated Polymer/Surfactant-Free LDH 
Nanocomposites: Structure, Morphology and 

Crystallization Behavior 
E. Bhoje Gowd 

Materials Science and Technology Division, CSIR-National Institute for Interdisciplinary 
Science and Technology, Trivandrum, Kerala, India – 695 019 

bhojegowd@niist.res.in 
 

Polymer-inorganic nanocomposites have evolved and attracted great interests 
from both in industry and in academia during the last two decades. In particular, 
exfoliation of layered materials in polymer matrices has been shown to 
spectacularly improve the flame retardancy, optical, thermal and rheological 
properties of base polymer. Layered double hydroxides (LDH) are one such 
potential inorganic nanofillers with an advantage to vary the composition of both 
inorganic layers as well as balancing anions in the interlayer space. Because of the 
tremendous flexibility in tuning the properties of LDH, these materials are 
considered as a new emerging class of nanofillers for the preparation of 
multifunctional polymer/LDH nanocomposites. Preparation of highly exfoliated 
polymer nanocomposites using LDH is always a great challenge because of the 
stronger electrostatic interlayer interactions due to their higher charge density. A 
number of approaches have been reported for the preparation of exfoliated 
nanocomposites, mainly in the context of surfactant modified LDH. However, 
high level of surfactant loadings could lead to negative impact on costs, 
procesability and also possible to inferior thermal properties of the polymer 
nanocomposites. The end-use applications of polymer nanocomposites would be 
greatly expanded with surfactant-free materials. The present talk mainly 
highlights the new strategies to prepare highly exfoliated polymer/ surfactant 
free LDH nanocomposites using syndiotactic polystyrene and isotactic 
polypropylene. In addition to that, the effect of LDH on the crystallization 

behavior, polymorphism, 
thermal stability and flame 
retardancy of polymer/LDH 
nanocomposites will be 
discussed. 
 

 

TEM images of (a) as-prepared Mg-Al LDH, (b) delaminated Mg-Al LDH and (c) AFM image of 
iPP nanocomposite film containing 10 wt% of LDH 
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Polymer functionalized surfaces are of wide interest for sensors, solar cells and 
molecular electronic device fabrication. Utilization of self-assembled monolayer 
(SAM)1 formation technique is very useful to functionalize surfaces in a controlled 
manner. For example, polymer can be immobilized on SAM by “grafting to” approach 
in which case a polymer is synthesized in solution possessing a reactive group at one 
end that reacts with complementary functional group on SAM. Another approach is 
“grafting from” technique where initiator is immobilized on surface first followed by 
the reaction of this surface bound species with monomer in solution. However, “graft 
from” technique is limited to living chain-growth polymerization and needs difficult 
experimental set up. An intermediate approach is “grafting through” polymerization 
method in which case, solution polymerization is performed in the presence of a 
surface functionalized with groups react in the polymerization It often has the 
advantage of simplicity like “graft from” polymerization, but with improved 
performance in terms of grafting density. 
In the presentation we report our recent result on “graft through” click polymerization2 
and Sonogashira polymerization3 reaction that was performed by using functionalized 
SAM. We will discuss about the thickness, grafting density of the polymers on surfaces. 
The results obtained from various characterization techniques such as XPS, FTIR, AFM 
will also be discussed. We will extend our discussion to other techniques of 
functionalization of surfaces such as chromium assisted immobilization of 
thermoresponsive polymers to leather surfaces4 and copper catalyzed “click” 
polymerization on fullerene surfaces. Finally, we will present our results on 
functionalization of carbon nanotube surfaces for targeted drug delivery applications.5 
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With the advent of controlled preparation of inorganic semiconductor Nano-
Crystals (NCs) with tunable electronic and spectroscopic properties [1-4], they are 
readily used, in composition with polymers, for light-emission, energy generation, 
sensing and memory applications [3,4]. However, the known toxicity associated 
with many of these NCs, in particular, the use of heavy metals such as cadmium 
and tellurium limits large-scale applications.  
We synthesized water dispersible carbon-based quantum dots (CQDs) in gram-
scale using a single step pyrolysis process. Most importantly we have shown that 
we can control the conductivity of the CQDs by optimizing the size and crystalline 
property of the CQDs. The tuning of the property was achieved through careful 
choice of precursor to stabilizer ratio. We have also shown the I-V characteristics 
of a single CD. For this, we spin coated a very dilute aqueous solution of CD over 
an ITO coated glass substrate. It can be printed on flexible surfaces, can be easily 
spin coated on ITO and easily made into freely suspendable polymer films with 
water soluble polymers like Polyvinyl alcohol (PVA). Conducting AFM show 
symmetrical current-voltage characteristics exhibiting linear behavior in the low 
voltage regime and saturates at higher voltages. Under solar simulator, the CQD-
PVA film shows a maximum voltage of 25 mV which do not drain in dark. 
Presence of polymer stabilizer on the CQD surface makes it highly water 
dispersible and easily blends with polymers like PVA through inter-polymer 
complex formation. The CQDs thus can be suspended in any polymer matrix. 
 
 
 
 
 
 
 
 
 
References: 
[1]  Sun Y. P., Zhou B., Lin Y., Wang W., Fernando K. A. S., Pathak P. J. Am. Chem. Soc. 2006, 128, 7756-7757. 
[2]  Cao L., Meziani M. J., Sahu S., Sun Y. P. Acc. Chem. Res. 2013, 46, 171-180. 
[3]  De B., Karak N. A. RSC Adv. 2013, 3, 8286-8290. 
[4]  Wang J., Wang C. F., Chen S. Angew. Chem. Int. Ed. 2012, 51, 1-6. 

 



627 

   

New Generation Luminescent Nanomaterials Based on 
Polymer Nanoparticles 

Amitava Patra 

Department of Materials Science, 
Indian Association for the Cultivation of Science, Kolkata 700 032, India, 

E-mail: msap@iacs.res.in 

 
Considering the emerging field of organic molecules encapsulated polymer 
nanoparticles, we have highlighted few important fundamental photophysical 
aspects in details. Here, we will discuss the photo-physical behaviors of polymer 
nanoparticles encapsulated fluorophore dye molecules and their restricted 
rotational behaviors inside polymer nanoparticles. Details time resolved 
spectroscopic investigations have been carried out to unveil the effect of micro 
environmental rigidity on rotional diffusion of dye. Steady state and time-
resolved fluorescence spectroscopic studies are used to investigate the energy 
transfer between host-guest and the local environments of dye molecules when 
encapsulated within the polymer nanoparticles. In case of multiple fluorophores 
encapsulated polymer nanoparticles, we observed multistep cascaded energy 
transfer. We demonstrate π-conjugated polymer nanoparticles-photosensitizer 
conjugates for singlet oxygen generation via FRET cascade which would be useful 
for photodynamic therapy. 
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In this presentation we shall be reporting a very simple design philosophy of a 
coating which response to temperature-rise to change its nature from hydrophilic 
to superhydrophobic. The developed material can be applied to variety of 
surfaces simply by brush or roller, thereby becoming hugely applicable as a base 
of a smart paint.  Low surface energy fluoro and amino monomers were introduce 
to prepare the polymer backbone, which was then used as a binder for nano-
micro dual particle morphology, pre-functionalised with hydrophobic siloxane, by 
simple physical blending, inspired by so called lotus effect. The resulting material 
show a water contact angle of 152o with a roll of angle as low as 2o in response to 

elevated temperature, changing its hydrophilic 
nature. This reversible switching is ascribed to 
formation and breaking of hydrogen-bond 
between amine group (secondary or tertiary) in 
polymer backbone and water. We also show that 
the response temperature can be tuned, which 
shows future possibility of designing country 
specific self-cleaning exterior paints. 
 

Reversible switching of contact angle due to change in temperature of the substrate 
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Topographically patterned films and surfaces with sub micron and meso scale 
lateral resolution find wide application in host of important and interesting areas 
such as micro electronics electronics, thin film transistors (TFT), biological sensors, 
structural color, super hydrophobic, super wetting and self cleaning surfaces, 
materials with surface gradient etc. For many of the above applications, rapid 
prototyping of surfaces with the pattern extending over large areas (~ cm2) are 
necessary. To cater to this segment, various polymer specific patterning methods 
have been developed in last couple of decades, which are simple and easy to 
execute. These methods are broadly classified as “Soft Lithography” (SL). Majority 
of the SL methods rely on replicating a “master” pattern by some mechanisms 
which include molding and visco plastic deformation, embossing or pattern 
replication by capillary driven flow. Consequently, majority of these techniques 
are capable of producing a perfect negative replica of the original mold, thus 
depending heavily on the availability of the original, lithographically fabricated 
mold or stamp. We have been investigating the possibility of creating structures 
that are distinct from being a mere positive or negative replica of the original 
stamp, thereby allowing more flexibility and control over pattern morphology. In 
this context we will present some of our recent work that allows creation of 
different ordered patterns by utilizing the interplay of different forces at the meso 
scale. First, we will discuss how stress relaxation in a visco elastic thin film to 
create patterns that have the same periodicity as that of the master but have 
programmable feature height using a single stamp.1 We have subsequently 
extended this technique to create patterns with a topography vis – a – vis 
wettability gradient.2We then discuss how partially or completely ordered 
structures can be obtained by spin coating on a topographically patterned 
substrate,3and highlight how sequential spin dewetting has been utilized in 
fabricating a novel alternating binary droplet array.4 
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Chitosan nanoparticles are good drug carriers because of their biocompatibility, 
biodegradability, and can be readily modified. Nanoparticles have been widely 
investigated to enable drug delivery due to their low toxicity, sustained drug 
release, molecular targeting, and additional therapeutic and imaging functions. 
Turmeric contains a major polyphenolic compound, named curcumin was chosen 
because it eliminates cancer cells derived from a variety of peripheral tissues. 
Although in vitro experiments have addressed its anti-tumour property, no in 
vivo studies have explored its anti-cancer activity in the brain. Oral delivery of this 
food component has been less effective because of its low solubility in water. This 
study has developed a chitosan-based delivery system to locally administer 
curcumin for brain cancer treatment. We prepared chitosan/curcumin 
nanoparticles and characterized by UV-visible, SEM, transmission electron 
microscope (TEM) and light scattering (DLS) analysis techniques. In vitro release 
study was performed by using a UV spectrophotometer, and enzymatic 
degradation rate was determined by analyzing the increased free amino groups. 
Viability of brain cancer cells (human U87 glioblastomas and rat C6 glioma cells) 
was measured via direct and indirect cell culture on nanoparticles by MTS assay. 
Curcumin-Chitosan nanoparticles effectively inhibited the proliferation of human 
U87 glioblastomas through multiple mechanisms, and may be a beneficial agent 
against human carcinoma. These results will be highlighted. 
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Nanoparticles (NPs) have been extensively used in a wide range of applications, 
such as, catalysis, biomedicine, sensors and opto-elctronics due to their unique 
electronic properties and high surface to volume ratios. However, issues like 
aggregation, non-dispersibility of NPs frequently crops up. In order to overcome 
these problems, research efforts are being made to stabilize NPs in various ways. 
In-situ synthesis of metal NPs in the polymer matrices is an excellent alternative. 

In the present work, a simple and convenient method for generating and 
immobilizing Gold NPs (Au-NPs) into polyethylene glycol-polyurethane (PEG-PU) 
hydrogel matrices is reported. The Au-NPs immobilized PEG-PU hydrogel 
matrices are easy to handle and can be used as catalysts. The efficiency, 
reusability and durability of the Au-NP-PEG-PU catalyst matrices were 
investigated using a model reaction of reduction of 4-nitroaniline (4NA) to p-
phenylenediamine (p-PDA) by sodium borohydride. The Au NPs-PEG-PU matrix 
showed excellent catalytic efficiency without any aggregation, leaching or 
degradation. The reusability of the catalyst for 28 cycles yielding a total turnover 
number of 3220 and turn over frequency is 0.152s-1 is demonstrated.  

We also worked on the synthesis and characterization of Silver NPs (Ag-NPs) using 
a thermo-associating polymer namely, carboxymethyl guar grafted poly(ethylene 
oxide-co-propylene oxide) [CMG-g-PEPO]. The polymer acts as both reducing 
agent as well as stabilizing/capping agent. This polymer was used for drug 
delivery applications. These aspects will be discussed during the presentation. 
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Dispersion of nanoparticles in polymers to create new polymeric materials is a key 
challenge in polymer science. In this regard polymeric nanoparticles, with 
minimal enthalpic interactions, especially with a homologous matrix polymer was 
deemed to be the most effective strategy to enhance dispersion. However, it 
turns out that entropy plays a major role in such blends and nanocomposites 
leading to auto-phobic interfacial wetting/de-wetting and hence failure of such 
strategies in several cases. Here we will discuss the issues involved in 
circumventing this problem with polymer grafted gold nanoparticles embedded 
in polystyrene especially how confinement can aid in the dispersion. We will also 
discuss how the dynamics of these embedded polymeric nanoparticles show 
apparent anisotropic diffusivity and significantly reduced drag as well as 
enhanced hydrodynamic interactions while moving through the viscous polymer 
medium and its connection to the glass transition temperature of the polymer. 
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Polylactide (PLA) and poly[(butylene succinate)-co-adipate] (PBSA) were reacted 
by being blended in a batch mixer in the presence of a chain extender, 
triphenylphosphite (TPP), and two different types of organically modified clays – a 
montmorillonite clay (C20A) and a synthetic mica (MEE) – to enhance the thermal 
stability, impact toughness and barrier properties of the PLA. An accelerated 
increase in the torque during processing indicated catalyzed chain-extension 
reactions in the clay-based compatibilized blends. The rate and extent of the 
increase in the chain extension/coupling were dependent on the type of organic 
surfactant used to modify the pristine clays. Enhanced chain extension/coupling 
and char formation resulted in dramatic thermal-stability increases of 17 and 26 
°C for composites with 2 and 6 wt% C20A loadings, respectively. Similarly, the 
oxygen and water-vapor permeabilities were improved with the addition of the 
clays. At 4 wt% MEE loading, the oxygen and water-vapor permeabilities were 
reduced by 60 and 50%, respectively. Unlike the MEE-based blends, C20A-based 
compatibilized blends resulted in higher toughness than the neat PLA due to the 
lesser crystallinity of the PLA component and enhanced chain 
extensions/coupling in the C20A - based samples. Therefore, this work 
demonstrates the possibility of enhancing the thermal stability, toughness and 
barrier properties of PLA in a one-stage process through reactive blending with 
PBSA in the presence of clays.  
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Cobalt (Co) exhibits ferromagnetic behaviour even at ultra thin level. But its 
nanostructures are prone to oxidation. Thus, we felt interesting to work towards pro-
tecting the Co nanostructures. Our approach to overcome the problem of oxidation 
of Co was done by creating a polymer under-layer to enable proper growth of Co 
magnetic nanostructure followed by applying an overlayer to protect the Co 
nanostructure. Here magnetic materials in the form of films namely PVA/Co/C, 
PVA/Co/Ag were prepared by using ion beam sputtering technique where particles 
of different characteristics – magnetic metal (Co), followed by non-magnetic non-
metal (C overlayer) and non-magnetic metal (Ag overlayer) were applied in the 
PVA matrix as per sequence referred above. Similarly nanocomposite film, PVA/Co 
was also prepared by embedding Co nanoparticles onto PVA film without 
applying any overlayer. Microstructural investigation was done using GIXRD, XPS, 
MOKE, AFM and MFM to understand features of such magnetic materials. GIXRD 
reveals the formation of nanocrystalline Co with hcp phase and that there is no change 
in the crystalline structure of PVA even after sputtering. Role of polymer, thickness 
of embedded Co as well as the overlayer and its nature are discussed.  
Interestingly, it has been observed that the magnetic property of PVA/Co film 
retains its magnetic properties even after 2 years.        
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Plasma polymerization of hydrocarbon, fluorocarbon, and other molecules is 
important for nano-scale surface engineering of polymeric substrates for its 
improvement in dyeing, printing, adhesion strength, hydrophilic, hydrophobic, 
flame retardant, and UV protective properties in dry state using a minimal 
amount of chemical. In this study, surface modification of cellulosic substrates 
(cotton textile) was carried out by plasma polymerization of tetrafluoroethane 
with a small admixture of difluoromethane at atmospheric pressure. In-situ 
plasma polymerization is a complex process due to the fragmentation of a 
precursor molecule and numbers of recombination reactions. When the 
tetrafluoroethane gas was introduced in helium (He) plasma, it gets fragmented 
into various molecules as detected in gas chromatography-mass spectrometry of 
the plasma exhaust, such as CF3, C2F5, C2F2H3, C3F5H, C2F4, C3F6H, etc. Some of the 
low molecular weight species that were not detected in GC-MS, were also 
detected by their atomic lines in optical emission spectrometer, such as F at 429, 
357, 341, 325 nm and –CF2 line at 318 nm. After the plasma reaction of such 
fluorocarbon species with a cellulose substrate, highly hydrophilic cotton turned 
into hydrophobic cotton. As a result of this, a water droplet of 37 µl did not get 
absorbed by the fabric even after 3600 s, whereas in the untreated sample, it was 
absorbed within 3 s. Water contact angle was found to increase from ≈0° to 142° 
in the untreated to plasma treated samples, respectively. The Raman spectra of 
the treated sample showed the stretching vibration of C–F at 734 cm-1 and 
deformation vibration of C–C in fluorocarbon polymer and other fluorocarbon at 
293 cm-1 and 387 cm-1, which are the indication of PTFE like structure formation. 
Similarly the D and G bands at 1575 cm-1 and 1360 cm-1 were the typical features 
of a highly amorphous fluorinated carbon film. SEM-EDX showed the presence of 
4% fluorine atom in the plasma treated sample. Secondary ion mass spectrometry 
(SIMS) of the treated sample showed the presence of strong molecular peak of F- 
at 19 amu in addition with significant decrease of O- and OH- molecular peaks. 
Some of the higher molecular weight fluorocarbon species that were detected in 
SIMS are 39, 43, 69 (CF3

−), 85, 93, 109, 119 (C2F5), 131 (C8H16F), 143 (C5H7F4) amu, 
and such on. The physical image in SEM and molecular image in SIMS showed 
there was no blockage of inter or intra fibres spacing/feature in the fibre, yarn or 
fabric structure due to the possibly nano-level surface modification of cellulose. 

Key words: Plasma polymerization, Cellulose, Surface functionalization, Hydrophobic, SIMS 
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Application of Small Angle Scattering (X-ray and neutron) 
on Soft Materials 

Narayan Ch. Das 
Rubber Technology Centre, Indian Institute of Technology, Kharagpur 721302 

Small-angle scattering (SAS), either X-ray or neutron (SAXS or SANS) unveils invaluable 
information about the nanoscale size and structural profile in the bulk of systems. As such 
SAS has been applied to topics ranging from soft materials, 
such as polymer crystallization, phase behaviour of polymer 
blends, molecular self-assemblies, structure, size and size 
distribution of nanomaterials, size and structural 
characterization of micelles, gels, protein and virus, etc. One 
major advantage is the ability to determine a statistically 
significant bulk average particle size in the nanoscale of the 
order 1nm to over 100nm. A minimum quantity as low as 60 
µL sample is sufficient for the SAXS experiment. A vast number of scatters, e.g. over 105 can 
be probed in a single experiment with SAS whereas imaging such a number using 
microscopy would be inconceivable, even with the aid of image analysis software.In 
addition, SAS can visualise the internal structure, such internal pore structure of porous 
materials and capsid protein and biomolecules. 
In this talk, we will discuss basic principle of SAS including source and facilities available 
around the world. In addition, wealso review the recentworkson soft materials using both X-
ray and neutron scattering. 1. We will see how SAXS techniques are used to study 
anisotropic characteristic and structure of aligned carbon nanotubes array.2.How SAS is 
used to investigate early stage crystallization of polymers and phase behaviour of polymer 
blends?. 3. The application of SAS to investigate the size and structure of biomolecules like 
capsid protein or virus. 4. How SAS provides the Size and structure of highly concentrated 
polymeric micelles and so on?.For example, Fig. 1 shows time resolve SANS spectrum of 
isothermal polymer (PE) crystallization in the solution. Quantitative analysis of the SANS 
spectrum provides differential structural parameters such as crystal size, lamellae stacking, 
long period, crystallization kinetics, etc. 
Brome mosaic virus(BMV) is a small icosahedral of the alpha virus-like superfamily of RNA 
with a segmented positive-strand RNA genome and a mean diameter ~ 268Å that offers 

high levels of RNA synthesis and virus production in plants. 
SANS and SAXS were applied to study the size, shape and 
protein-RNA organization of BMV.  For example,Fig. 2 shows 
typical SAXS spectrum of BMV virus.  Model fitting/analysis and 
the radial distribution of BMV from the Fourier transform of 
scattering spectrum gives a clear indication of size, size 
distribution of capsid protein and RNA packing, itsdistribution 
and their structure in the BMV. 
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Natural polymers, or polymers derived from living creatures, are of great interest 
in the field of biomaterials. As these polymers are biodegradable, non-toxic, easy 
and cheap to manufacture they are used in various applications as in food, 
textiles, cosmetics, plastics, adhesives, paper, drug delivery systems, gene therapy 
and tissue engineering. In this presentation, I would like to discuss development 
of hybrid hydrogel based polymer nanocomposite with superior properties. In the 
first example, I would like to show carbon dots rooted agarose hydrogel film as a 
hybrid solid sensing platform for detection of heavy metal ions and novel 
chitosan-carbon dots nanocomposite hydrogel films. The fabrication of the solid 
sensing platform is centered on simple electrostatic interaction between NH3

+ 
group present in carbon dots and OH- groups present in agarose.  As a second 
example, I want to discuss a preparation of chitosan-carbon dot hydrogel films 
using a green source “tea” as precursor for carbon dots (CDs). The electrostatic 
interaction of positive charge on chitosan and negative charge on CDs prepared 
from tea was used for the successful preparation of a stable and robust chitosan-
carbon dots nanocomposite hydrogel film. It was observed that chitosan- carbon 
dots hydrogel films are soft but tough with superior UV/visible blocking, swelling, 
thermal and mechanical properties in comparison to chitosan hydrogel film. 
Moreover chitosan- carbon dots films are more water repellant (hydrophobic) as 
indicated by their high contact angle values. Thus, fabrication of such green soft 
but tough biocompatible chitosan- carbon dots nanocomposite hydrogel films 
offers tremendous bio-medical and industrial applications. 
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Grpahene has attracted considerable attention over recent years due to its 
excellent mechanical thermal and electrical properties. In this study, graphene 
functionalized polynorbornene has been developed with three different weight 
fraction of graphene carboxylic acid. Polynorbornene has been synthesized by 
ring opening metathesis polymerization (ROMP) method. Formation of the 
monomer and the polymer has been confirmed by 1H NMR, MASS and FTIR 
spectroscopy and GPC Technique. Graphene carboxylic acid has been attached to 
the polynorbornene backbone via amine functionality to get the polymer grafted 
graphene (PNAGR). Formation of PNAGR is confirmed by FTIR. Thermal stability of 
PNAGR has been studied by TGA and DSC with three different weight percentage 
of the graphene carboxylic acid.  Self aggregation of PNAGR in different polarity 
has been studied using DLS, SEM and TEM techniques. As per our knowledge, this 

type of self aggregation 
on a unique hybrid 
material has been 
studied for the 1st time. 
The resulting composite 
is expected to be useful 
in aircraft application. 
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Research on transition metal oxide nanostructures have become increasingly 
interesting to scientists because of their unique size– and shape–dependent 
physicochemical and optoelectronic properties which makes them suitable for 
application in various fields. However, to realize these potentials, it is very 
important to develop a synthetic method that produces metal oxide 
nanostructures of tunable size, shape and composition. Compared to different 
physical approaches, chemical methods are simple and are very efficient in size 
tenability and dispersibility of the nanomaterials. Recently, we have developed 
synthesis techniques to prepare metal oxide nanostructures such as ZnO, SnO2 
and FexOy nanostructures in presence of polymer additive to tune the size or 
shape of the nanostructures. Our synthesis method is based on aqueous based 
co-precipitation reactions at relatively low temperature. We observed that 
addition of polymer controlled the growth of nanostructure formation. The 
synthesized nanostructures were characterized by different spectroscopic, 
microscopic and diffractometric techniques. 
 

  



642 

 

Photophysical Study of P3HT/NDI Based Hybrid 
Nanoparticles 

Soumitra Satapathi,1, 2,aMijanurRahaman Molla,3 Santanu 
Bhattacharyya,2Suhrit Ghosh,3Amitava Patra2, 

1Department of Physics, Indian Institute of Technology Roorkee, Roorkee, Uttarakhand, India 
2 Department of Materials Science, 

Indian Association for the Cultivation of Science, Kolkata,India 
3 Polymer Science Unit, Indian Association for theCultivation of Science, Kolkata ,India 

Soumitra.satapathi@tufts.edu, 

 
Electron donor-acceptor based hybrid novel structure remains a frontier area of 
research to design optoelectronic, photovoltaic, and light harvesting devices. 
Here, we reportthe synthesis of interdyad and intradyad nanoparticles by using 
the electron donating polymer Poly-3-(hexylthiophine)) (P3HT) and the electron 
accepting molecule1, 4, 5, 8 naphthalene tetracarboxylicdiimide (NDI).  The 
intradyad nanostructures are fabricated in situ by adding donor and acceptor 
molecules simultaneously whereas interdyad nanoparticles are fabricated by 
attaching the donor and acceptor nanoparticles electrostatically. The differential 
scanning calorimetry (DSC) confirms the segmental motion of the polymer chain 
and the uniform packing in intradyad nanostructures which is absent in the 
interdyad system. The photoluminescence quenching and the shortening of 
decay time of the excited state of the donor molecule were observed with 
increasingthe concentration of acceptor molecule in the intradyad system which 
is attributed to the photoinduced electron transfer from donor to the acceptor 
molecule. However, in the case of the interdyad system, thechange in 
photoluminescence quenching and the decay time is less significant due to 
different photophysical processes. 
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Modern chemistry has been inseparably linked with green chemistry. It has been 
still gaining importance in all aspects of chemistry. Sustainable development in all 
stages from the development to the final production cycle has become a practical 
need in an over-polluted world. Oxidation of olefins, primary and secondary 
alcohols and sulfides is a very useful reaction in industrial organic synthesis and in 
the pharmaceuticals. A 30% aqueous solution of H2O2 is a non-toxic, 
environmentally benign, cheap and effective oxidizer, and its only residue is 
water. Besides oxygen, it is one of the most ‘green’ oxidants and its oxidative 
power and positive properties have been highlighted in several publications [1, 
2]. Application of polymer supported catalysts in oxidation reactions has been 
received attention in recent years due to their potential advantages over the 
homogeneous ones [3-5]. The present work consists of synthesis, characterization 
and catalytic evaluation of polymer anchored oxo-vanadium(IV) complex towards 
oxidation reaction. This complex was prepared by reacting chloromethyl 
polystyrene with anthranilic acid followed by loading of vanadium metal in 
ethanol and characterized by various techniques such as CHN analysis, SEM-EDX, 
FT-IR and UV-vis spectral studies and thermogravimetric analysis. Preliminary 
reactions were carried out choosing styrene, benzylalcohol and methyl phenyl 
sulfide as model substrates. Influences of various reaction parameters were 
studied. Moreover, hot filtration test proved that this catalyst acted as a truly 

heterogeneous catalyst and can be reused for five times 
without significant loss in activity. Thus good catalytic 
activity and efficiency of this catalyst in the oxidation 
reaction of olefins, alcohols and sulfides suggest that the 
present catalytic systems would be useful to synthesize 
industrially important organic compounds. 
 

Fig. 1: Catalytic activity of polymer anchored oxo-vanadium catalyst 
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Poly (amide-imide)s (PAIs) are well known as a class of polymers with good 
compromise between thermal stability and processability. We can readily tune 
the properties of the materials for realizing the desired ones by changing the 
contents or type of organic compounds. From this viewpoint, polyhedral 
oligomeric silsesquioxane (POSS) is attractive as a cornerstone in highly ordered 
materials. In this study a new chiral  diamine monomer methyl2-[(3,5-
diaminobenzoyl)amino]-3-(1H-indol-3yl)propanoate was successfully synthesised  
using L-tryptophan as starting material and polymerized with different aromatic 
tetracarboxylic dianhydrides such as BTDA and PMDA via both thermal and 
chemical imidization method to produce different chiral polyimides. The 
synthesized diamine, polyimides and polyimide/POSS nanocomposites were 
characterized by Fourier transformer infrared spectroscopy (FT-IR), and Nuclear 
magnetic resonance spectroscopy (1H-NMR and 13C-NMR). The imidization process 
of poly (amic acid) was monitored by FT-IR at different temperatures. The 
characterization of the resulting polymers was also perfomed by X-ray 
diffractometer, polarimeter, viscometer and solubility tests. The thermal 
properties of the novel poly (amide-imide)s and polyimide POSS-nanocomposites 
were investigated by TGA and DSC. Surface morphology of the polymeric 
particles was studied by scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM). 
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Three octafunctional benzoxazines were synthesized from amine functionalized 
POSS, formaldehyde, and three phenols, namely eugenol, guaiacol and vanillin.  
The structure of the monomer has been confirmed by Fourier transform infrared 
spectroscopy (FT-IR) and 1H and 13C nuclear magnetic resonance spectroscopy 
(NMR).  The benzoxazine monomers were cross-linked to form polybenzoxazines 
via thermal treatment to produce tough thermosetting materials without using 
any external initiators, accelerators, catalysts or reactive diluents.  Differential 
scanning calorimetry (DSC) and FT-IR were used to study the curing 
behavior/ring-opening polymerization of the monomers. Atomic force 
microscopy (AFM) and Scanning electron microscopy (SEM) have been employed 
to study the phase behavior of the nanocomposites, whose elemental 
composition was studied by Energy dispersive X-ray analysis (EDXA). Thermal 
properties of the cross-linked polymers have been studied by dynamic 
mechanical analysis (DMA) and thermogravimetric analysis (TGA). 
 
Keywords: Eugenol, guaiacol, vanillin, amino-POSS 
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Superhydrophobic polybenzoxazine nano-SiO2 hybrids [Pbz/SiO2] were prepared 
from thermal curing method. The chemical structures of the benzoxazine 
monomers were confirmed by FTIR, 1H and 13C-NMR spectral analysis. Microscopic 
analysis (SEM) performed on polybenzoxazine/nano-SiO2 hybird surface indicated 
homogeneous distribution of the nano-scaled silica in the polybenzoxazine 
matrix. Moreover, the wettability (from contact angle measurement) of the 
hybrids could be controlled by tuning the composition.  The results from 
thermogravimetric analysis (TGA) and Dynamic mechanical analysis (DMA) 
indicates that the Pbz/SiO2 hybrids possess excellent thermal and mechanical 
stability.  
 
Keywords: Superhydrophobic Pbz-SiO2 hybrids, Contact angle measurements 
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We report a durable and UV resistant nanocomposite membrane of chitosan with 
effective Photostabilization ascribed to ZnO nanoparticles. Zinc oxide 
nanoparticles were successfully dispersed in the solution of chitosan polymer. 
The nanocomposite films with the homogenous dispersion of ZnO nanoparticles 
in the chitosan matrix were obtained by solution casting method and the 
influence of ZnO nanoparticles as a photostabilizer was studied. The 
nanocomposite membranes were photoirradiated by polychromatic radiations 
with λ > 300 nm using mercury vapour lamps in SEPAP instrument.  The resulting 
nanocomposite material exhibited excellent UV-resistance in very low 
percentages of ZnO nanoparticles. The chitosan membranes without ZnO 
nanoparticles showed fast degradation attributes than nanocomposite 
membranes. ZnO nanoparticles effectively absorbed UV radiations, thus 
protecting polymer from radiation degradation. The neat and irradiated 
nanocomposites of Chitosan / ZnO were characterized by FT-IR spectroscopy for 
the chemical changes / degradation taking place. Chitosan composites were 
further characterized for tensile properties, contact angle measurements and 
surface morphology. 
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Recently, considerable attention has been remunerated to the design and 
effortless synthesis of amphiphilic block copolymer having distinct chain 
architectures due to their large involvement of macromolecular properties, self-
assembling behavior and employed both in bulk as well as solution state. The 
self-assembly behavior of such amphiphilic block copolymer in aqueous media is 
currently an area of intense research for many application fields such as 
biomedicine, cosmetology, and waste treatment. In this Study, we have 
synthesized a series of tadpole-shaped amphiphilic organic/inorganic hybrid 
polymers via reversible addition-fragmentation chain transfer (RAFT) 
polymerization technique using polyhedral oligomeric silsesquioxane (POSS)  
capped RAFT agent at ambient condition. Boc protected leucine 
methacryloyloxyethyl ester (Boc-L-Leu-HEMA) was utilized as a precursor for RAFT 
polymerization. The polymerization kinetics followed first order kinetics with 
controlled molecular weight and narrow polydispersity index (PDI) (< 1.3). 
Solution phase FT-IR and circular dichroism (CD) spectroscopy established that 
the POSS moiety did not perturb the secondary helical conformation of P(Boc-L-
Leu-HEMA), attained due to the presence of side chain leucine moiety. Complete 
hydrolysis of Boc group produced pH responsive amphiphilic cationic polymers, 
which exhibited self-assembly in aqueous medium at room temperature. The self-
assembling behavior in aqueous media was 
investigated by dynamic light scattering (DLS), 
atomic force microscopy (AFM) and scanning 
electron microscopy (SEM), to confirm well-
defined core-shell nanostructure micelles with 
POSS moiety in the hydrophobic core. The 
content of POSS moiety of the polymeric matrix 
was enabled to transform Spherical micelles to 
rod shape. 
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Recent advancement in exploiting peptide based biomolecules for material 
science application have paved the route to tailor-made polymer-peptide 
bioconjugates.1 Appropriate combination of peptide moieties with synthetic 

polymers reinforce an attractive 
strategy to synergistically combine the 
features of these different classes of 
materials and to overcome some of 
their limitations.2-6 In this context, side-
chain peptide based polymers were 
documented via reversible addition-

fragmentation chain transfer (RAFT) polymerization comprised of hydrophobic 
sequence of amyloid-β peptide Aβ17-20, Leu-Val-Phe-Phe. The terminal of pendant 
peptides of synthesized homopolymer can be successively transformed to 
primary amino groups to exhibit pH based stimuli-responsiveness. Circular 
dichroism (CD) spectroscopy was employed to assess the ordered conformation 
of these tetrapeptide based polymers in solution. Subsequently, amphiphilic graft 
copolymer conjugates were prepared utilizing monomethoxy poly(ethylene 
glycol) (mPEG) polymer by implementing dynamic covalent bond. Field emission-
scanning electron microscopy (FE-SEM) exemplified the self-assembly behaviour 
of this polymer bioconjugates to construct micellar aggregation which can 
further accommodate a cargo of small hydrophobic molecules, Nile red. 
Fluorescence spectroscopy studies facilitates the pH- triggered release behaviour 
of the dye-loaded nanoparticles around the acidic tumoral environment, implying 
that these nanoparticles via dynamic covalent linkage have promise as 
therapeutic nanocarrier in a drug delivery system. 
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Magnetic resonance imaging (MRI) offers the potential of true three-dimensional 
imaging of biological structures and processes at cellular resolution. Random 
copolymer and triblock copolymer with norbornene backbone having cobalt 
complex, doxorubicin and polyethylene glycol, have been synthesised using ring 
opening metathesis polymerisation (ROMP). All the polymers are characterized by 
1H NMR, IR, GPC and TGA techniques. The morphology of the copolymer nano 
composites has been evaluated with DLS, TEM and AFM techniques. The cobalt 
complex functionalization to the polymer is monitored by 
FTIR, 1H NMR and 13C NMR spectroscopy. To prove the 
paramagnetic nature of copolymer nanocomposites, 
SQUID experiment is performed at room temperature. 
Newly designed copolymers having paramagnetic nature 
are expected to be MRI agent. 
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Polyhedral oligomeric silsesquioxanes (POSS) are known to be a useful nanoscale 
building block to prepare different varieties of superior polymer-based hybrid 
materials.1 Recently, several reports deal with the hydrophilic functionalization of 
hydrophobic POSS moiety mainly with hydrophilic polymers for the improvement 
of its dispersibility in polar solvents, such as water.2,3 The interactions between 
POSS units sometimes impart phase segregation due self-assembly of the POSS 
hybrid in water depending upon temperature, nature of the hydrophilic   
monomer and the polymer chain length. In this context, POSS-poly(vinyl 
imidazole) hybrids of varying molecular weights are prepared using thiol-POSS as 
chain transferring agent as well as initiator and vinylimidazole as monomer by 
radical polymerization technique. The POSS-polymer hybrid molecules undergo 
self-aggregation into spherical aggregates of nanometer dimensions (~70 nm) in 
water as can be seen from FESEM image. Furthermore, the formation of other 
anisotropic secondary aggregated structures such as cone and cube are also 
observed in water with the delicate variation of pH. Finally, the study is further 
extended to prepare POSS-poly(ionic liquid) hybrids by post-modification of 
POSS-poly(vinyl imidazole) with 1-bromoalkane of different chain length. The 
resulted hybrid poly(ionic liquid)s containing different length alkyl chain also 

show self-aggregated 
structures of various shapes in 
water. Finally, we propose an 
aggregation mechanism of 
the POSS-polymer hybrid as 
well as POSS-poly(ionic liquid) 
hybrids in water.    
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Deoxyribonucleic acid (DNA), a long polymer chain of nucleotide units, having 
unique double-helical structure with the stack of π electrons in the base pairs, 
conquers a significant position in nano-technology utilizing the “molecular 
conduit” formation ability of DNA. Furthermore, DNA can act as excellent 
template for the directed growth of not only conducting polymers but also metal 
nanoparticles. Although DNA is easy to modify for such novel, tailor-made 
applications, it suffers from major limitation because of it’s poor solubility in 
organic solvent where it loses its base pairing recognition properties. To 
overcome this problem cationic amphiphiles, lipid molecules, cationic 
copolymers have been used which solubilise DNA in organic solvents with 
retention of its biologically important properties. We have tried to transfer DNA to 
organic medium with retention of its configuration via nanojacketing of DNA 
utilizing in-situ polymerization of o-methoxyaniline (OMA) at 300C using HAuCl4 
as oxidant and DNA as a soft template which leads to concomitant synthesis of Au 
nanojacket encapsulating DNA and poly(o-methoxyaniline) [POMA] at the outer 
layer of this nanojacket. Furthermore, digestion of nanojacketed system with 
saturated I2 solution, dejackets DNA with retention of its conformation leaving 
hollow POMA nanotube. The nanojacketing and de-jacketing phenomena are 
established by several microscopic and spectroscopic studies. The impedance 
study of the nanojacketed DNA reveals both resistive (388 KΩ ) and capacitive 
(13.74 pF) property. 
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Individual CeO2, ZnO and bimetal oxide core shell CeO2/ZnO nanoparticles are 
synthesized without any stabilizers using in-situ precipitation technique. In this 
process cerium nitrate hexahydrate and zinc acetate dehydrate as precursor for 
the formation of CeO2 core and zinc oxide as shell. The structure, morphology 
and particle size of the synthesized nanoparticles were analyzed by using X-ray 
powder diffraction (XRD), scanning electron microscopy (SEM) and Transmission 
electron microscopy (TEM). XRD results reveal that the phase structures of 
CeO2/ZnO nanoparticles are composited by cubic (fluorite) phase of CeO2 and 
hexagonal (wurtzite) phase of ZnO. The Average Particle sizes obtained for 
CeO2/ZnO nanoparticles were observed to be below 15 nm. Structure 
characterization of core/shell particles by TEM indicates that the ZnO shell is 
around 5 nm in thickness and CeO2 core is 9 nm in diameter. The effectiveness of 
the synthesized CeO2/ZnO used as catalysts for the photocatalytic as well as 
sonocatalytic degradation of Rhodamine B (RhB) dye, has also been investigated. 
It has been observed that the catalytic activity of CeO2 has been effectively 
increase by coating with a more photoactive ZnO. Photocatalysis was more 
efficient than sonocatalysis in degradation of Rhodamine B. 
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Polymer crystallization is a topic which has been extensively studied in the past. 
The kinetic and thermodynamic aspect of polymer crystallization, in bulk, is more 
or less known very well. However, the situation becomes complex when the 
polymer is allowed to crystallize in confined environments where the length-scale 
of the confinement is only few times that of the long period of polymer crystal 
lamellae. Such confinement may frustrate the polymer crystallization process 
resulting in significant deviation from the crystallization as known for the bulk 
conditions.In the present investigation, we study the crystallization of poly(L-
Lactic acid) (PLLA), an important biodegradable polymer, under two-dimensional 
confinement. The two-dimensional confinement was imposed on the PLLA 
crystallization by infiltrating it in the pores of nanoporous alumina membrane 
where the pore diameter was less than 150 nm. The samples were characterized 
by DSC, WAXD, and SEM. The knowledge gained through these studies will be 
significant in understanding polymer crystallization in polymer nanofibres which 
recently has been attracting lot of attention. 
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The composite nanofibers of polysulfone has been prepared by electrospinning 
technique where by changing the concentration of solid content, voltage and 
flow rate the different diameters, lengths and orientations have been achieved. 
The different weight percentage of silver nanoparticles (AgNPs) on functionalized 
multiwalled carbon nanotube (MWCNT) were mixed with polysulfone to prepare 
the composite fibers to tailor make the chemical and physical property of 
polymeric membrane for decontamination and disinfection of drinking water. 
The role and nature of different functional groups on nanotube surface were 
thoroughly studied for Ag loading and on mechanism of decontamination and 
disinfection of water. The best performing functionalized MWCNT for the removal 
of toxic metal ions and Escherichia coli bacteria was selected for synthesis of 
composite nanofibers. The detailed structure property relationship of the 
nanofibers has been studied by the morphological characterization, surface area 
and contact angle measurements. The modified surface of MWCNTs by Ag 
nanoparticles and polar functional groups placed on the polymeric nanofibers 
were enhanced the interfacial interaction with the decontaminated and disinfect 
water which in turn enhances the efficiency of filtration of drinking water.   
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Graphene, the one atom thick planar structure of sp2 bonded carbon, has emerged as 
a novel material in the field of material science owing to its excellent electrical & 
thermal conductivities, high crystal & electronic quality, strong mechanical strength 
and high surface area (2630 m2/g). In spite of its exotic properties, the key issues for 
the successful commercial applications largely depends on the development of 
suitable methods for the synthesis of processable functionalized graphene at low cost 
in bulk quantity. Among the several approaches tried so far, the solution phase 
chemical method is most promising owing to its low cost, ease of control, and bulk 
production capability. In addition, there is an immense scope to improve subsequent 
processing through chemical modification and also has an opportunity to introduce 
suitable functionalities required for different end-use applications. Oxidation of 
graphite provides a suitable precursor material for chemical treatment, primarily due 
to the generation of several reactive oxygenated functionalities; namely, the sp3-
hybridized carbon containing hydroxyl (OH) and epoxide/ether functional groups on 
the top and bottom surfaces of basal plane and sp2-hybridized carbons containing 
carboxyl and carbonyl groups at the edges of the sheet. Hydrophilic nature of GO 
allows easy dispersion in water to form stable colloidal suspension. The 
organic/polymeric functionalized GO nanosheets are however, required for broad 
range applications. The detail kinetic study was carried out using three different class 
of diisocynates, namely, aliphatic (hexamethylene diisocyanate, HMDI), alicyclic 
(isophorone diisocyanates, IPDI), and aromatic (toluene diisocyanates, TDI). Extent of 
functionalization in different locations are predicted from relative ratio of hydroxyl and 
carboxyl groups participated in diisocyanate reaction and N 1s XPS spectra show 
nearly 3:1, 2:1, 1.3:1 in HMDI, IPDI, and TDI respectively. TDI, the most sterically 
hindered diisocyanate among the reported one, shows slowest reactivity and 
minimum disorder in the final structure compared to long chain aliphatic diisocyanate, 
HMDI. Similar reaction is extended with diamines and dihydroxy compounds also. The 
selection of reagents, its concentration and reaction parameters are paramount 
important in getting desired functionalized GO. This is particularly important for bi-
functional reagents, as change of concentration can yield two different products. For 
example, bimolecular reaction (low concentration of organic reagents) form cross-
linked network structure, whereas, pseudo-unimolecular reaction yield functionalized 
processable graphene oxide (fGO). Also, the nature of reagent plays an important role 
on controlling the rate of reaction and the steric factor dominates over the electronic 
factor in controlling the rate of reaction. However functionalization with 
monofunctional organic moiety gives processable graphene. The processable 
functional hybrid materials are evaluated for their potential application. 
Keys Words: GO, cross-linked network structure, chemically functionalized graphene. 
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Fullerene and graphene, the two important members of carbon family, have 
generated tremendous research interest to the entire scientific community owing 
to their excellent exotic properties & potential large scale applications. Also, the 
concepts of multifunctional hybrid materials are gaining interest for broad range 
applications. Preparation of pristine fullerene-graphene hybrid material does not 
yield stable product and forms agglomeration during its use. Oxygenated 
derivatives of fullerene and graphene, i.e., fullerenol and graphene oxide (GO), 
may however be easily chemically combined to form stable hybrid material. 
Further, the nano-hybrid material is used to prepare nanocomposites with 
different fluorescent conducting polymers (FCPs) for wide range of 
optoelectronic applications. The present work highlights the preparation, 
characterization and property evaluation of three different nanocomposites 
based on fullerenol-graphene nanohybrids and neat graphene with conducting 
polymer. Fullerenol graphene nanohybrid (FGO) is synthesized by treating GO 
with fullerenol and is further reduced to get reduced hybrid product (rFGO). In 
another approach, the processable reduced graphene oxide (rGO-P) is 
synthesized by two times repetition of oxidation and reduction of GO. Ternary 
nanocomposite of FGO and rFGO is prepared by taking PU as matrix and 5% 
thiophene phenylene copymer and varied the percentage of FGO and rFGO 
respectively. The third nanocomposite was prepared by blending fluorine-
bithiophene copolymer and processable reduced graphene oxide (rGO-P). All the 
composites were characterized by IR, UV, PL, TGA, DSC and electronic properties 
were evaluated by I-V characteristics, CV and conductivity measurement. The LED 
device prepared by third composite shows excellent result and there is 5 times 
increase in maximum device efficiency (Cd/A) and three times increase in 
maximum brightness (Cd/m2). The conductivity measurement indicates an 
increase for rFGO compared to FGO. The conductivity, electrochemical property 
and capacitance results of composites provide interesting conclusions. 
 

Keys Words:  Fullerenol, Graphene Oxide, Nano-hybrids, fluorescent conducting polymers, 
Nanocomposites 
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In the last few years gold nanoparticles (AuNPs) have receivedpopularity 
inresearchfor their interesting optical properties owing to surface plasmon 
resonance (SPR), resulting in wide applications ranging from optoelectronics to 
biology [1].Upon association of the AuNPs in solution, a red-shift of SPR can be 
observed due to the change of interparticle distance. Thermoresponsive polymer 
coated AuNPs have attracted much interest due to their response to external 
stimuli, such as temperature, pH and salt [1,2] and open up a new area of intense 
research.  
In the current contribution we report our recent efforts to develop 
thermoresponsive polymer coated AuNPs that are stimulated by temperature and 
salt. In the first part of the presentation we will demonstrate the preparation of 
poly(N-isopropyl acrylamide) (PNIPAM) coated AuNPs and the effect of 
temperature and salt on the phase transition behavior and hydrogen bonded 
layer-by-layer assembly [3].UV-Vis, DLS, TEM and AFM characterization techniques 
were used to characterize the materials.The phase transition results in a color 
change from red to blue-purple due to the change in the SPR. Moreover, the 
synthesized responsive particles were further tested with two different salts of the 
Hofmeister salt series. We used spectroscopic investigations to elucidate the salt 
sensing properties of the PNIPAM@AuNPs of the Hofmeister series.In the second 
part of this contribution we will demonstrate the preparation of P(NVP-stat-
PNVCL) decorated gold nanoparticles and their temperature and salt induced 
aggregation behavior.Transmission electron microscopy (TEM) revealed distinct 
corona surrounding the gold nanoparticles, thereby indicating the successful 
modification with polymers. More recent work on the thermoresponsive polymer 
coated AuNPs will also be highlighted. 
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We introduce chitosan based carbon dots rooted agarose hydrogel film as a 
robust hybrid solid sensing platform for on-site detection of heavy metal ions. 
The fabrication of the solid sensing platform is centered on simple electrostatic 
interaction between NH3

+ group present in carbon dots and OH- groups present 
in agarose. Simply on dipping the hydrogel film strip into heavy metal ion 
solution, in particular Cr6+, Cu2+, Fe3+, Pb2+, Mn2+ the strip displays color change, 
viz., Cr6+→yellow, Cu2+→blue, Fe3+→brown, Pb2+→white, Mn2+→light brown. The 
optical detection limit of the respective metal ion is found to be 1 pM by studying 
the changes in UV-visible reflectance spectrum of the hydrogel film. Moreover, 
the hydrogel film finds applicability as an efficient filtration membrane for 
separation of these quintet heavy metal ions. The strategic fundamental feature 
of this sensing platform is the successful capability of chitosan to form colored 
chelates with transition metals. This proficient hybrid hydrogel solid sensing 
platform is thus the most suitable to employ as an on-site operational, portable, 
cheap colorimetric-optical detector of heavy metal ion with potential skill in their 
separation. 
Keywords: agarose hydrogels, chitosan carbon dots, solid sensing platform, heavy metal 
ions, ion separation 
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This work estimates the adsorbed layer thickness and density of polyethylene 
oxide (PEO) as a function of concentration and molecular weight on to graphene 
oxide (GO) surface. Small angle neutron scattering experiments were employed 
to investigate this. The selection of geometry of GO for neutron scattering 
analysis was facilitated by complementary tools such as particle size analyzer and 
atomic force microscopy. SANS data were analyzed by selecting a model with 
proper modifications incorporated to account for GO polydispersity. 
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The effect of nonionic surfactants (Tween 40 and Tween 60) hydrocarbon chain 
length on the physicochemical properties of nanostructured lipid carriers (NLCs) 
were investigated in the absence and presence of two local anesthetics, lidocaine 
(LIDO) and procaine hydrochloride (PRO.HCl). Sorbitan tristearate (Span 65), soy 
lecithin (SLC) and stearic acid (SA) in 2:2:1 molar ratio were used in formulating 
the NLCs. Combined dynamic light scattering, differential scanning calorimetry 
(DSC) and spectroscopic studies were adopted in the physicochemical 
characterization of the NLCs. NLC formulations were found to be stable for at 
least 60 days (when kept at 4oC). Tween 60 stabilized NLCs exhibited superiority 
than the Tween 40 stabilized systems. DSC and polarity studies indicated altered 
crystallinity of the lipid matrices induced by LIDO as it could insert into the core of 
the NLC; PRO.HCl could only get interfacially adsorbed for its ionic nature. Tween 
60 stabilized NLCs exhibited better drug loading capability than the Tween 40 
based formulations as revealed from the entrapment efficiency studies. Sustained 
drug release was experienced by Tween 60 stabilized NLCs as studied by in vitro 
release kinetics. The developed NLCs could thus be considered to have prospects 
as novel drug carrier for controlled/sustained release to improve the time 
duration of anesthesia. 
 

Keywords:  NLC, anesthetics, DLS, calorimetry, entrapment efficiency, drug release 
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Poly(N,N’-dimethylaminoethyl methacraylate) (PDMAEMA) is   synthesized by 
atom transfer radical polymerization, followed by attachment to reduced 
graphene oxide (rGO) via diazonium coupling. The rGO-PDMAEMA (RGP) is 
characterized by 1H NMR, UV-Vis, FTIR and Raman spectroscopy. Then molecular 
brushes of PDMAEMA chains over rGO surface are demonstrated by TEM and 
AFM. The TGA thermograms indicate 55 wt% grafting of PDMAEMA. RGP is 
dispersible in the widest spectrum of solvents from CCl4 to water [solubility 
parameter (δp + δh), 0.6 to 58] 1. The pH dependent fluorescence properties of 
RGP is interesting: at pH 4, it exhibits two emission peaks, but at pH 7 and pH 9.2, 
a single and broad emission peak is observed. Two emission peaks at pH 4 are 
attributed to radiative decay of excitons to two kinds of holes in the rGO 
originating from illumination and p-
type doping, which is also 
characterized by a blue shift of the 
Raman D band. Moreover, n-type 
doping of RGP at pH 9.2 is also evident 
due to a similar Raman shift. The I–V 
characteristic curve at pH 7 exhibits a 
bimodal negative differential 
resistance (NDR) property with a 
rectification ratio of 5.52. 
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A series of biodegradable lactone based triblock copolymers, was synthesized by 
varying feed composition, monomer/ initiator (1, 6-hexanediol) ratio and 
monomer/ catalyst (tin 2-ethyl hexanoate) ratio in a sequential ring opening 
polymerization for drug delivery. The structure of the copolymers was established 
through 1HNMR, 13C NMR, Raman and Fourier transform infrared spectroscopy 
techniques. 13C NMR was used to study the block sequencing and extent of 
transesterification. The crystallinity and lattice strain of the copolymers were 
changed on variation of lactones and the glass transition temperatures of the two 
blocks shifted depending on the ratio of the two monomers.The morphology of 
the triblock was investigated by transmission electron imaging and atomic force 
microscopy, showing alternating stripes of nanolamellae. Long range order of 

lamellae in the triblocks was guided by their 
composition.The triblock, fabricated into microsphere 
having average diameter of 17.2 μm, w as used for 
encapsulation of drug molecules. After the release of 
drug, formation of pores on the surface of the 
microsphere was observed. The release profile 
exhibited the characteristic of a potential carrier. 
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Polymer composite- poly(vinyl chloride) (PVC)/layered double hydroxide(LDH)- 
was prepared. PVC was functionalized with thiosulphate using phase transfer 
catalyst. LDH was synthesized by co-precipitation method. Thiosulphate-
PVC/LDH was physically mixed. The structural and compositional informations 
were determined by Fourier transform infrared spectroscopy (FTIR), UV-visible 
spectroscopy, X-ray diffraction and thermal properties by Thermo gravimetric 
analysis (TGA). Biocompatibility was evaluated and compared with that of pure 
PVC by measuring of hydrophilic nature, hemolysis  assay. Lastly, in vitro cell 
viability and cell adhesion of mouse mesenchymal stem cell on developed 
polymer composite was examined for definite biocompatibility. The results 
showed better haemolytic property, cell viability and cell adhesion in polymer 
composites as compared to pure PVC. Therefore, these polymer composites were 
developed to improve existing grouting material. 
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Magnetic nanoparticlespossesswide range of application in various areas,such 
aselectromagnetic shielding, magnetic filters,information storage and 
biomedicines. Herein, we aimed to synthesize highly crystalline,nano-
sizedmagnetite (Fe3O4) particles using a modified co-precipitation methodand to 
fabricate natural rubber latex/Fe3O4 nanocomposites.The particle 
morphology,structural and magnetic properties of as-synthesised 
Fe3O4nanoparticles wasinvestigatedusingboth TEM and XRD techniques. The 
size of Fe3O4 synthesized was10 – 20 nm range as revealed in TEM images. XRD 
pattern of synthesized powder corresponds to that of pure Fe3O4 and was highly 
crystallinein nature (JCPDS no.01-075-0033). This was supported by higher 
resolution TEM images and their corresponding SAED patterns.Further, natural 
rubber latex (NRL)/Fe3O4 nanocomposite of high saturation magnetization for 
electromagnetic interference shielding capability was fabricated by solution 
processing and compression moulding. Electrical conductivity, thermal property, 
and electromagnetic shielding efficiency were investigated. The interaction 
between Fe3O4 and the NRL matrix were 
elucidated using both spectroscopy and 
microscopic techniques. The NRL/Fe3O4 
nanocompositesbased composites showed 
superior electrical conductivity, excellent 
thermal stability and good EMI shielding 
effectiveness (SE) properties and may be 
apromising material for EMI shielding 
application antistatic discharge matrix for 
miniature devices encapsulation.  
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In the last few years porous organic polymers have emerged as an important class 
of materials. Synthetic flexibility, possibility to incorporate desired functionalities 
into the porous framework as well as light weight are the advantages with 
microporous organic polymers (MOPs).1, 2We have designed monomer 4,4',4'',4'''-
(5,5-dioctylcyclopenta-1,3-diene-1,2,3,4-tetrayl) tetrakis (bromobenzene) (DCTB). 
Network polymers were synthesized bypalladium-catalyzed Sonogashira cross-
coupling reactions.Fine tuning of fabrication conditions led to the formation of 
polymers in the form of amorphous solid, strongly fluorescent solution as well as 
in the form of nanoparticles. Gas adsorption studies reveal that the amorphous 
polymer possesses pore size mostly in the range of microporous region (< 2 nm) 
with surface area 295 m2/g. Molecular dynamic simulations has been carried out; 
surface areas, gas adsorption capabilities were simulated and structure-property 
correlation was established (Figure1). Solution processable polymer was obtained 
by varying the reaction conditions. Direct fabrication of nanoparticles in aqueous 
dispersion was achieved through miniemulsion polymerization. 3Solution 
processable polymer and nanoparticles exhibit cyan fluorescence and their 
detailed photophysical properties were investigated.  
 

 

 

 

 

 

 

 

Figure1. Illustration of amorphous cell of DCTB based MOP at 77K (dots: adsorbed N2 
molecules, shades: solvent accessible surface area). 
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Folding of synthetic macromolecules has been a topic of immense interest in the 
recent past owing to their relevance with biopolymers in structural elegance. 
Recent reports describe effects of structural nuances on foldamers including 
mainly short oligomers and rigid polymers. However, organization of flexible 
polymer chains remains to be a daunting task primarily because the entropy cost 
associated with formation of a single folded structure among many possibilities. 
We envisaged classical polyurethane (PU) scaffold might provide ample 
opportunities for functional foldamers due to (i) easy synthesis (ii) enthalpy driven 
folding by intra-chain H-bonding and (iii) possibility of manipulation the 
monomer structure for exploring diverse functionalities.  

To test such possibilities we have synthesized a PU by condensing 
hexamethylene-di-isocyanate and a di-ol containing a pendant naphthalene-
diimide (NDI) in presence of a chiral alcohol as a “mono-functional impurity” to 
achieve the desired PU with predictable molecular weight and chiral end groups. 
The polymer was characterized by 1H NMR, FT-IR and GPC measurements. Self-
assembly was studied by solvent, concentration and temperature dependent 
UV/vis which showed intra-chain pi-stacking among the pendant NDI 
chromophores in solvent such as methyl-cyclohexane (MCH) due to the intra-
chain H-bonding (among the urethanes) induced folding of the PU. 
Photoluminescence studies showed intense green emission in MCH unlike the 
blue emitting unfolded polymer in CHCl3).  Intense Cotton effect was noticed in 
MCH due to helicity induction by the chiral end groups. Powder XRD data 
revealed a strong Bragg’s diffraction corresponding to the width of the folded PU 
along with successive peaks confirming lamellar packing of the foldamer. TEM 
studies showed initially formed spherical assemblies upon aging for 24 h were 
converted to 1D nanotubes resulting in macroscopic gelation. Synthesis, folding 
induced structure gelation mechanism and modulation of photophysical 
properties of this novel PU will be the topic of this presentation. 
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Here we report simple and one-pot method for the synthesis of core-shell 
glyconanoparticles using reversible addition fragmentation chain transfer (RAFT) 
agent in surfactant free emulsion polymerization (SFEP) where, 2-allyl-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol (sugar)used as hydrophilic 
comonomer and  styrene as a hydrophobic monomer. As the results suggest that, 
the comonomer (sugar) concentration as well as length of hydrophilic sugar block 
play vital role in forming monodisperse core-shell glyconanoparticles. The 
formation of core-shell glyconanoparticles in which PS was the core and glyco 
molecule (sugar) is in the shell are characterized by scanning electron 
microscopy, transmission electron microscope, thermo gravimetric analysis, 
differential scanning calorimetry, UV-Visible spectroscopy, nuclear magnetic 
resonance spectroscopy. The particle size, core-shell dimension tunability are 
achieved by altering the RAFT agent concentration, hydrophilic monomer (sugar) 
concentration in the polymerization mixture.Zeta potential measurements of 
these synthesised nano particlesproves the colloidal stability of nanoparticles. 
This work also proves the utility of RAFT method for the synthesis of core shell 
nanoparticles when compared to the 
conventional polymerization. This 
methodology allows a new, simple route 
for the synthesis of polymeric 
glyconanoparticles which has potential 
applications in targeted drug delivery 
and as antigen mimicking sugar coated 
polymeric material. 
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Poly(ionic liquid)s (PILs) have properties of both ionic liquids (ILs) and polymers, 
its applications has triggered in all the corners of science and technology,2 due to 
its hydrophilic and hydrophobic nature of the PILs. One can tune its solubility 
behavior of the polymer based on need and necessities.3 PILs have tremendous 
applications in various fields of chemistry such as catalysis,4 gene delivery 
vectors,5 antimicrobial agents,6 polymersomes,7 polymer electrolytes,8 stabilizing 
agents for different metal nanoparticles.9 Researchers still facing difficulty in 
stabilization of Znic Oxide nanoparticles (ZnO NP) with time in solution phase, 
such NP may form bulk metals which will lose its potential antimicrobial and 
catalytic applications. We have synthesized six different PILs and used for 
stabilization ZnO NP in solution phase, here we have clearly demonstrated the 
importance of PILs, as carriers towards reversible “solubility switch” for 
synthesized ZnO NP between aqueous and organic media by simple anionic 
metathesis reaction. Initially we have studied real time application of ZnO NP thin 

films as antimicrobial agents in 
addition to this we have successfully 
degraded organic dye1in presence of 
PIL stabilized ZnO NP and photo 
light. 

 (a). (b).  (c). 

Figure : (a) PIL-Br stabilized ZnO NPs, (b) PIL-Br ZnO NP a round trip from water to organics, (c).Images of 
degradation of EBT 
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The paper describes the effect of different natural nanotubes, which differ in 
morphology and chemical composition on the thermo-mechanical properties of 
polypropylene (PP).Nanotubes used in the study are Halloysite nanotubes(HNT) 
[Al2Si2O5(OH)4.H2O],a hydrated alumina silicate having hollow rod-like geometry with 
diameter [50-100 nm] and length [0.1µ - 500 nm] and Sepiolite [Mg4Si6O15 (OH) 2·6H2O], 
a hydrated magnesium silicate having a fibrous and needle-like morphology with 
diameter [25–30 nm] and length of ~1–2 μm. PP/HNT, PP/Sepiolite and 
PP/HNT/Sepiolite nanocomposites were prepared by varying HNT and Sepiolite 
content by melt processing using twin screw extruder.It was observed from SEM and 
TEM micrographs that HNT and Sepiolite were well dispersed in the PP matrix by 
shearing. The effect of nanotubes on thermal properties of polypropylene was studied 
using Differential scanning calorimetre (DSC) and Thermo gravimetric analysis (TGA). 
DSC results show increase in crystallization temperature (Tc) as well as in degree of 
crystallinity (Xc) implying that nanotubes acts as a nucleating agent for the 
crystallization of polypropylene.TGA also shows increase in degradation temperature 
of PP nanocomposites as compared to neat PP but with differences for different 
nanotubes used. The nanocomposites also show enhanced mechanical properties 
with ~ 80-90% increase in flexural modulus, 60-70 % increase in tensile modulus and 
10-20% increase in impact strength on addition of 10% Sepiolite in PP . However PP/ 
HNT nanocomposites show relatively lesser increase in flexural modulus and tensile 
modulus than PP/ Sepiolite nanocomposites with equal loadings of filler.while 25% 
increase in impact strength was observed upon incorporation of 5% HNT in PP. DMA 
results also indicate increase in Storage modulus upon adding nanotubes in PP and 
thus, confirming reinforcement of PP by nanotubes.  

Key words: Polypropylene, nanocomposites, Sepiolite, HNT. 
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The poly(ionic liquids) (PILs) which are ionic polymers finding increasing 
applications due to their unique yet tunable physio-chemical properties.1-3 
Recently we have demonstrated that PILs can be used as smart stabilizers for 
different nanoparticles.4-5  These PIL stabilized metal NPs showed reversible 
solubility switch between aqueous and organic phases via simple anion 
metathesis. Here the size of the metal NPs can be tuned by varying the side alkyl 
chain length in the polymer back bone.  In the synthesis of metal NPs, PILs played 
multiple roles such as stabilizer, size controller and carriers to bring solubility 
switch. Synthesized PIL-Ag-NPs exhibited good catalytic activity for the reduction 
of nitrobenzene to aniline with NaBH4.  PIL stabilized Ni-NPs were used as 
magnetically separable catalyst towards chemo selective reduction of carbonyl 
compounds under base free conditions.6  We have also prepared different chiral-
PILs and used them for asymmetric organocatalysis.6 All our resent findings will 
be discussed during the presentation.  
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Polypropylene random copolymer (PPC)/multiwalled carbon nanotube 
(MWCNT)/iron oxide/barium titanate composites have been fabricated in the 
varying amount of fillers (iron oxide & barium titanate) to evaluate the potential 
of PPC as EMI shielding materials. For this analysis, 10 wt % CNT keep constant in 
all the composition while iron oxide and barium titanate were blended in varying 
ratio (as1:1, 1:4 & 4:1 here the total weight of  Iron oxide and Barium titanate is 
50wt%).The effect of dispersion and distribution were analysed using scanning 
electron microscopy, X-ray and Raman within the matrix. The room temperature 
electrical conductivity, complex permittivity and electromagnetic interference 
(EMI) shielding of PPC composites were studied in the frequency range of 8.2–
12.4 GHz (X band). Thermal analysis is done by TGA while mechanical stability find 
out by tensile test The dc conductivity of composites increased with increasing 
MWCNT loading but no significant change is absorbed in conductivity with iron 
oxide and barium titanate and typical attainment of dc conductivity value of ~10-3 
S/cm along with electromagnetic interference (EMI) shielding effectiveness (SE) 
value of -47 dB (>99.99 % attenuation) in the composite having barium titanate 
and iron oxide in the ratio 4:1. 

 
Keywords: EMI shielding; Hybrid composites; Electrical conductivity  
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Graphene using chitosan as cationic binder in 

layer by layer assembly 
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In this work we have synthesized graphene from commercially available Graphite 
nanopowder using surfactant exfoliation technique and incorporated different 
functional groups on it using different chemical reactions. Then we have made 
different sized lateral dimension of graphene and functionalized graphene 
dispersion using previously reported method and standardized the lateral 
dimensions. These dispersions were fabricated on silicon wafer subtrates using 
layer by layer assembly, where we have used chitosan as cationic binder to 
fabricate large area and stable graphene/functionalized graphene nanosheets. 
Then we have measured electrical conductivity of its dispersion fabricating layer 
by layer assembly on silicon wafer substrates using an impedance analyzer at 
room temperature at different frequencies and calculated the sheets resistance of 
its layer by layer assembly. We have successfully investigated that the 
conductivity of each dispersion  fabricated on Silicon/chitosan layer by layer 
assembly depends on the lateral dimension of the nanosheets as well as their 
functionalising groups. All characterizations of graphene and functionalised 
graphene dispersion were performed using FT-IR, UV-Visible, Dynamic light 
scattering measurement, Atomic force microscope and Scanning electron 
microscope. 
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Superhydrophobic (SH) surfaces have wide range of applications in industrial and 
academic sectorsfrom anti-wetting, anti-corrosion, anti-icing, self-cleaning to 
anti-bacterialin nature.Superhydrophobic coatings can be generated from 
polymer/oligomer chain grafted nanoparticles dispersed in a suitable polymer. 
The inorganic-organic interface play crucial role in imparting excellent surface 
properties. In this contribution, silica nanoparticles were functionalized with 
amine groups.Subsequently, the amine groups were reacted with oxirane rings of 
a siloxane based diepoxide oligomer. This   oligomer grafted silica particles were 

then dispersed in poly (vinylidenefluride 
- co- hexafluropropylene) 
flurocopolymerto yield SH coatings. The 
SH coating exhibits static water contact 
angle   >155 ° and sliding angle <10 °.  
 

 
 
Scheme1. Preparation of superhydrophobic coating. 
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Glycopolypeptides with a well-defined secondary structure are of significance in 
understanding biological phenomena. Synthetic glycopolypeptides, or 
polypeptides featuring pendant carbohydrate moieties, have been of particular 
interest in the field of tissue engineering, gene delivery and drug delivery. The 
carbohydrate group is known to condense DNA via hydrogen bonding which 
reduces the necessity to incorporate excess cationic charge which in turn 
decreases the toxicity of the system.  Also, the carbohydrate moieties are well 
known to interact with specific cell receptors and hence would serve as targeting 
agent without further need of modification of gene delivery vehicle with 
receptors. We have synthesized charged water soluble charged 
glycopolypeptides that adopt a helical conformation in water. This was carried 
out by the random copolymersation of 6-deoxy-6-azido-glyco-N-
carboxyanhydride and 6-OAc-glyco-N-carboxyanhydride - monomers at a feed 
ratio of 1:4, respectively, using n-hexylamine as initiator. This 20%  azide 
functionality allowed for the easy attachment of a bioactive group, which could 
potentially enhance the biological activity of the glycopolypeptide. A library of 
water-soluble charged glycopolypeptides were synthesized by clicking various 
alkynes containing tertiary amines using CuAAC click chemistry approach with 
the azido group at the sixth position. These glycoplypeptides were characterised 
by FT-IR, NMR and GPC. Zeta potential and circular dichroism measurements 
studies revealed the glycopolypeptides were cationic and adopted helical 
conformation. The efficacy of these helical cationicglycopolypeptidesas a gene 
transfection vector in various cell lines will be discussed. 
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Now a day’s much attention has been focused on the immobilization of 
nanoparticles onto suitable substrate in order to prevent their agglomeration or, 
to enhance their efficiencies through a proper interaction with the substrate. 
Herein, we report the in-situ synthesis of silver nanoparticles supported on 
graphene oxide (GO) and poly(N-Vinyl pyrrolidone) (PNVP)-grafted GO under 
different conditions (scheme). Obtained silver (Ag) nanoparticles fabricated 
systems have been characterized by FT-IR and UV-Vis spectra and morphology of 
silver nanoparticles has been studied and compared using SEM and TEM. The 
catalytic activity, leaching resistance and 
reusability of each system have been 
studied and compared in which GO-PNVP-
Ag synthesized at 95 oC evolved as the most 
efficient catalytic system in all respects. GO-
PNVP-Ag system has also shown superior 
antibacterial and antileishmanial activities 
compared to GO or GO-PNVP system. 
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In the present work, we report on the development and application of a novel 
nanocomposite derived from hydrolyzed polyacrylamide grafted xanthan gum 
and silica (Hyd. XG/SiO2) as an adsorbent to remove both methylene blue (MB) 
and methyl violet (MV) dyes from aqueous solution. The nanocomposite has been 
prepared through a simple saponification reaction followed by in-situ silica 
incorporation through a sol-gel method, where Hyd. XG promotes silica 
polymerization and also works as a novel template for silica formation. The 
efficacy and rate of dye adsorption on Hyd. XG/SiO2 has been investigated under 
various parameters such as pH, temperature, time, adsorbent dosage and initial 
dye concentration. The kinetics data reveals that the adsorption process follows 
pseudo second-order kinetics and the adsorption equilibrium is in good 
agreement with Langmuir adsorption isotherm, indicating monolayer sorption on 
homogenous surface. The thermodynamic studies confirm that the adsorption is 
spontaneous and endothermic in nature. The desorption study confirms the 
excellent regeneration capacity of nanocomposite, which makes the adsorption 
process economically viable. The remarkably high adsorption capacity of dyes on 
Hyd. XG/SiO2 nanocomposites can be explained on the basis of H-bonding 
interaction, dipole-dipole and electrostatic interactions. Hyd. XG/SiO2 based 
nanocomposite not only shows outstanding adsorption capacity of cationic dyes 
(MB dye removal – 99.4%, Qmax- 497.5 mg.g-1 and MV dye removal – 99.1%, Qmax-
378.8 mg.g-1) but also reveals excellent potentiality for the selective removal of 
cationic dye pollutants from the mixture of cationic and anionic dyes. 
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The workreports a method for creating an ordered alternating array of droplets of 
two different polymers on a topographically patterned substrate, by sequential 
spin dewetting. Polymer solution as low as 0.1% (w/v) or even less,when spin 
coated over a non wettable substrate undergoes in-situ de-wetting during the 
coating process itself, a phenomenon also known as Spin De-wetting. For this 
study, dilute solutions of polymethylmethacrylate (PMMA) and polystyrene (PS) 
have been used (Cn ≤ 0.1% for both). First, the PMMA solution is spin coated, 
leading to formation of aligned array ofequal sized spin de-wetted droplets along 
the grooves of the topographically patterned substrate. Now the substrate is 
silanized and the second polymer layer is spin coated. Similar to PMMA, PS layer 
also breaks down into spin de-wetteddroplets aligned along the substrate 
grooves and position themselves between the pre-existing PMMA droplets, 
resulting in a multi material droplet array. The number of PS droplets between 
two PMMA droplets can be controlled by varying the concentration of the second 
casting solution. In case the substrate is not silanized after the first spin dewetting 
step, then the PS accumulates over the pre-existing PMMA droplets due to 
preferential polymer-polymer interaction, resulting in an array of core-shell 
droplets. Concentration of polymer solution higher than that of a critical 

concentration (Cn*) results in thread covering 
the entire groove of the patterns or a 
continuous filmsupressing the formation of 
droplets completely.  
 

Figure: Schematic representation of the process developed to fabricate binary alternate 
polymer droplet arrays. 

Keywords:  Polymer, Spin de-wetting, Silanization, Polystyrene, Polymethylmethacrylate 
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Due to eco-friendly nature, multifunctional green materials from renewable 
resource based polymers emerged of this century. With this motivation, the 
present study is aimed to synthesize multi-functional green nanocomposites from 
an abundantly available renewable lignin (alkali lignin) nanoparticles and 
carrageenan biopolymer. Lignin nanoparticles (LNP) were prepared by a green 
root without any chemical treatment (high speed homogenization and 
sonication). The effect of LNP content (3, 5 and 10 wt% based on carrageenan) on 
the mechanical, water vapor permeability (WVP), and antioxidant properties of   
the green-nanocomposites were studied.  

The lignin nanoparticles (LNP) are spherical in shape and with sizes of 15 to 20 
nm. Properties of carrageenan film such as mechanical and water vapor barrier 
properties were improved significantly (p<0.05) by blending with the LNP. The 
tensile modulus and tensile strength of Carrageenan film increased by 48% and 
35%, respectively, in the composite film with 5 wt% of LNP, and the WVP of 
carrageenan film decreased by 22% after formation of green-nanocomposite with 
3 wt% of LNP. In addition, these green-nanocomposites also significantly 
improved the UV- resistance and posses strong antioxidant properties. The LNP 
obtained from green root can be used as a reinforcing agent for the preparation 
of green-nanocomposites, and they have a high potential for the development of 
multifunctional completely biodegradable food packaging materials. 

 
Homogenization 
 
 
sonication 
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The presence of a dynamic bond in a polymeric assembly, by virtue of its 
reversible nature, enables the system to reconfigure its molecular architecture 
and provides a mechanism for 
controlled release of small molecules 
such as dyes, drugs, and fragrances. We 
demonstrate the formation of oxime-
functional macromolecular stars that 
are able to dissociate and reconstruct 
themselves upon application of a stimulus. The reversible nature of the oxime 
bond in the presence of externally added alkoxyamines or carbonyl 
compounds enables reconfiguration via competitive exchange. Reversible 
addition-fragmentation chain transfer (RAFT) polymerization was utilized to 
prepare well-defined amphiphilic block copolymers in which a hydrophobic 
keto-functional block allowed self-assembly into micelles in water. Adding a 
difunctional alkoxyamine small molecule to these solutions resulted in 
crosslinking of the micelles to yield macromolecular stars. The reversible 
nature of the O–alkyl oxime linkages was demonstrated via competitive 
exchange with excess of carbonyl compounds or monofunctional 
alkoxyamine under acidic conditions and at elevated temperatures to result 
in dissociation of the stars to unimolecular oxime-functional polymer chains. 
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Plasma technology has gained importance in recent years as it is a dry process 
and alters only the top surface of the material whereas bulk is not affected. In this 
study, hydrophobic functionalisation of cellulosic fabric was carried out using 
He/1,1,1,2-Tetrafluoroethane (He/TFE) plasma at atmospheric pressure. The effect 
of various parameters such as duration of pulse (duty cycle), voltage, reaction 
time and monomer flow rate were studied to impart hydrophobicity to cellulosic 
substrate. A comparison was made between continuous and pulse plasma. 
Hydrophobicity was evaluated in terms of water contact angle. It was found that 
the highest water contact angle in He/TFE plasma treated samples could be 
attained at a specific value of duty cycle. At this condition, a uniform deposition 
was formed on the treated fabric with high flourine content. The results indicate 
that pulsed plasma may be suitable for in-situ reaction of precursors with 
substrates and may be able to offer better control of reactions compared to 
continuous wave plasma. During a plasma pulse, monomer fragmentation and 
substrate activation may take place, and subsequently, these may react together 
during the plasma off period. The duty cyle, which determines the on and off 
period of the plasma, may be tuned to achieve desired functionalization of the 
substrate.   
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Small and uniform Ag nanoparticles were prepared by in situ reduction of Ag ions 
in cross-linked poly (N-isopropylacrylamide)-co-6-acrylamide-6-deoxy-α-D-
galactopyranose hydrogel (PNiAM). In this hydrogel, N-isopropylacrylamide 
(NIPAm) monomer is used in higher concentration because of its 
thermosensitivity, good biocompatibility and ability to stabilize in-situ generated 
nanoparticles. The PNiAM hydrogel reduces Ag ions to Ag nanoparticles (AgNPs) 
at room temperature and neutral pH, without any additional reducing agents. As 

the carbohydrates are better known to have the 
reducing ability, this characteristic property is 
used in the work to synthesize PNiAM hydrogel 
silver nanocomposite. These hydrogel/s were 
added to this solution for reduction of silver 
ions which was further used for the 
antibacterial activity. 
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Ciprofloxacin (CP) is commonly used broad-spectrum fluoroquinoline antibiotic 
with low side effects and has also shown to have antiproliferative and apoptotic 
activities in several cell lines. Polylactide (PLA) polymers have attracted 
tremendous attention in biomedical applications because of its biocompatibility 
and biodegradability in nature. Synthesis of high molecular weight 
biocompatible PLA using biocompatible catalyst is still challenging. With an easy 
and cost-efficient procedure, several 7-((4-substituted) piperazin-1-yl) derivatives 
of CP were prepared.  Five different kinds of OH-terminated poly(L-lactide) (two-, 
three-, four-, six-arm, star-shaped) homopolymer were synthesized by ring 
opening polymerization of L-lactide in the presence of dodecanol, glycerol, 
pentaerythritol, dipentaerythritol as initiators and zinc based catalyst. 
Ciprofloxacin was conjugated with PLA and non woven nanofiber mat was 
fabricated using electrospinning. The drug-release behaviour of the mat was 
studied to reveal potential application as a drug delivery system. The result shows 
that the ciprofloxacin release rates of the PLA conjugate nonwoven nanofiber 
mat could be controlled by the drug loading content and the release medium. 
The development of a biodegradable ciprofloxacin system, based on nonwoven 
nanofiber mat, should be of great interest in drug delivery system. The release of 
ciprofloxacin possesses antimicrobial and antitumor activities. 
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A series of layered double hydroxides (LDHs) have been synthesized using various 
anions through co-precipitation techniques. A model drug raloxifene has been 
intercalated into layered double hydroxides using ion-exchange method. The 
mechanisms involved in the raloxifene release process have been studied for the 
series of LDH with varying metals and different anions as counter ions. 

The drug intercalation was confirmed through X-ray diffraction (XRD), FT-IR 
spectroscopy and thermo gravimetric analysis (TGA). The in vitro release behavior 
of the drug from LDH was studied at pH 7.4 phosphate buffer solutions (PBS) at 
37 0C. The results show that LDH clay materials can be used as controlled release 
system at sites requiring long-term drug exposure as they release effective 
amount of drug over a long time periods. The release pattern of the drug from 
these LDHs has been investigated through X-ray photoelectron spectroscopy 
(XPS) and UV-Vis spectroscopy. C127I cell viability on LDHs and drug intercalated 
LDHs has been examined through MTT assay at different time intervals. The cell 
viability was found to increase with time for pure LDHs while decrease in case of 
drug intercalated LDHs confirming the controlled release of drug using LDH. 
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Highly fluorescent and water dispersible carbon quantum dots (CQDs) were 
prepared by controlled pyrolysis of citric acid in presence of poly (sodium 4-
styrene sulfonate, PSS). Fourier transform infrared spectroscopy and 
thermogravimetry were used to study surface passivation of PSS-CQDs. 
Fluorescence (FL) studies revealed dependency of fluorescence maxima on inter-
particle interactions. FL spectra of PSS-CQDs in powder, polymer film and printed 
impressions showed emission tunability in visible region [1]. Current-voltage (I-V) 
characteristics of individual PSS-CQDs coated on ITO were probed using 
spreading resistance imaging mode of atomic force microscope. I-V data of 
individual PSS-CQDs exhibited linear behaviour at low bias and a sudden jump in 
current value as the bias crossed zero voltage. Cyclic voltammetry (CV) was used 
to determine band gap of the CQDs. I-V behaviour was interpreted using CV data 
and fluorescence properties of the PSS-CQDs. Under solar simulator, the CQD-PVA 
film shows a maximum voltage of 25 mV which do not drain in dark. Atomic force 
microscope was used to study morphology of PSS-CQDs embedded in thin-films. 
Our study reveals promising properties of CQDs for development of cheap 
materials to design future LEDs. 
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In our earlier studies, we have successfully synthesized cubic iron oxide 
nanoparticles of 12 nm by combustion method using PVA as a fuel [ Prajkta R. 
Patil etal (1)]. From our studies, on synthesis of other nanoparticles using same 
method and different hydrophilic polymers we observed that the functional 
group of polymer, its related properties play an important role in structure, size, 
morphology of nanoparticles. In present study, by formation of copolymer of 
polystyrene (PS) with PVA, the changes in structural and morphological 
properties on iron oxide nanoparticles are investigated .       

The PS-co-PVA samples were made by dispersing the homo polymers in water 
and by using ultrasound as a radical initiator source. No chemical was added for 
initiating the reaction. Radicals formed by cavitation process in ultrasound 
irradiation were sufficient to carry out this reaction. PS was synthesized by 
cationic polymerization and PVA (MW 1,25,000) was used as purchased. Reaction 
was carried out in custom build reactor. In current study, the effect of varying 
intensity, polymer to polymer ratio, and temperature was studied. Samples were 
characterized by IR, NMR, SEM and TEM.   The TEM shows brush like morphology 
of the polymer.  

Using above synthesized polymer PS-co-PVA Iron 
oxide nanoparticles were successfully synthesized 
by combustions method in air. The XRD spectra 
confirm the formation with high order of 
crystallinity(40nm particle size). SEM micrograph 
shows the formation of sheet like structure for as 
prepared samples and annelid at different 
temperature.  

Fig. 1: SEM Micrograph of  annelid sample at 300°C( a) Iron oxide (PS-co-PVA 1:1:1:2)  
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In recent time lots of work is going on to develop simple, versatile and 
economically viable methods for the preparation of AuNPs in a size- and shape- 
controlled manner, due to their huge application in fundamental science and 
technology. In this direction, various attempts are made to synthesize stabilized 
AuNPs at ambient temperature in a single step process from aqueous solution of 
gold salt, using water-soluble amphiphilic triblock copolymer (TBP) as both 
reducing and stabilizing agent [1,2]. 
In this work, we have systematically investigated the influence of gold salt 
concentration on gold nanoparticle formation, size distribution and morphology, 
in the presence of Pluronic stabilizers, at high pH. It is already found that high pH 
condition in this type of reaction is very suitable for formation of small sized, high 
yield nanoparticles [3]. The reactants used were hydrogen tetrachloroaureate (III) 
trihydrate HAuCl4. 3H2O as gold salt, TBP P123 [HO(CH2CH2O)20 (CH2CH(CH3)O)70 

(CH2CH2O)20H] as both reducing and stabilizing agent and NaOH to raise the pH of 
the solution. The reactions were studied as a function of concentration of 
HAuCl4.3H2O (0.5mM, 1mM, 3mM, 5mM, 7mM & 9mM) at fixed pH ≈ 11.5 and fixed 
concentration of P123 (5 wt%). Aqueous phase reduction was monitored with 
time at ambient temperature by simultaneous measurement of UV-visible 
spectra. Size distributions of the nanoparticles were investigated by DLS 
measurement and morphology was observed by TEM. 
It was observed that at high pH condition, concentration of gold salt, in mixed 
solution, can be increased up to 9mM and yield of AuNPs is raised proportionally, 
which is interesting as it is not possible at normal pH. Correspondingly, the 

reaction rate is slow down with increasing gold salt 
concentration. At two intermediate gold salt (3mM and 
5mM) concentrations, larger nanoparticles with wide size 
distribution is formed in comparison to lower (0.5mM and 
1mM) and higher (7mM and 9mM) concentrations, which 
is unusual and needs proper understanding. 
 

Fig 1. Uv-Vis Spectra and DLS Measurements (inset) of all Six Reaction Mixture after 
Completion of Reaction 
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Chitosan is a natural biopolymer which is obtained by the deacetylation of chitin. 
Chitosan nanoparticles find wide applications in the food industries due to its 
small size which imparts characteristic functional and biological properties to it. In 
this work, Chitosan nanoparticles have been prepared using ionic cross-linking of 
chitosan with tripolyphosphate. The crosslinking reaction was allowed to take 
place for 2 hours under constant magnetic stirring.Two set of samples were 
prepared: one with surfactant and another without surfactant. The resulting 
precipitates were washed and dried and analysed for surface morphology using 
Scanning Electron Microscope (SEM), particle size was assessed using 
Transmission Electron Microscope (TEM), chemical composition and bonds were 
determined using X-ray diffraction (XRD) and Fourier Transform Infrared 
Spectroscopy (FTIR) and elemental analysis was carried out using CHNS analyser. 
It was found that the particles stabilized using surfactant (Sample 1) were 
uniformly dispersed with negligible agglomeration compared to that without 
surfactant (Sample 2). The particle size of Sample 1 was approximately 40 nm 
whereas that of surfactant stabilized nanoparticles yielded particles almost of the 
size of 3 nm. The synthesized chitosan nanoparticles were assessed for their 
antimicrobial activity using zone of inhibition test using 1% acetic acid as the 
solvent for dispersing the nanoparticles. The presence of a clear zone around the 
chitosan nanoparticles in disc diffusion test was observed for the gram positive 
bacteria S.aureus which is an indication of the antibacterial activity of the 
synthesized chitosan nanoparticles. 
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Carbon nanotubes (CNTs) and graphene which are representatives of one and two 
dimensional nanostructures have attracted considerable attention due to their ultrahigh 
mechanical properties and electrical conductivity.These nanomaterials have been 
incorporated in various polymers to improve specific properties to meet the end use 
requirements. For e.g, CNT and graphene are known to increase the electrical conductivity 
of polymers to use them as electrostatic charbe mitigating films. Fluorosilicones are high 
performance polymers that exhibit broad operating temperatures, fuel resistance and long-
term reliability. Properties of fluorosilicones can be tailored using functional fillers to meet 
specific requirements such as thermal conductivity, mechanical properties, high 
temperature stability and electrical properties. The present research focuses on the 
development of fluorosilicone based nanocomposites using single walled carbon 
nanotubes (SWCNTs) and graphene oxide (GO). However, systematic and fundamental 
studies are required to properly utilize the exotic properties of CNT and Graphene when 
they are incorporated in fluorosilicone polymer matrix. In order to have adequate interfacial 
adhesion between the nanomaterial and polymer matrix to transfer the properties of the 
former to the latter, functionalization of the nanomaterial, mainly through chemical routes, 
is required. But the extent of functionalization needs to be controlled so that only minimal 
defects are introduced on their surface for the complete transfer of properties of these 
nanomaterials to the polymer matrix. Here in we have studied functionalization of SWCNTs 
and graphene for different extent of time, optimized the time   of functionalization and 
finally studied the dispersion behavior of the functionalized sample so that it can act as an 
efficient additive for the preparation of fluorosilicone nanocomposites.A comparitive study 
of the effect of these functionalized nanofillers on the dynamic mechanical, thermal and 
electrical properties of fluorosilicone polymers were investigated. To the polymer pristine 
nanofillers, –COOH functionalised SWCNT and Graphene were added individually as well as 
in combination as hybrid fillers in varying weight percentage and ultrasonicated in diethyl 
ether solvent. The dispersion conditions of the solvent in nanofillers were optimised via 
Zeta potential measurements. Good dispersion of nanofillers and fluorosilicone polymer 
was obtained which is attributed to the effective hydrogen bonding between the polar 
groups of nanofillers and fluorosilicon polymer. Nanofiller loaded fluorosilicone copolymer 
is room temperature curable via platinum catalysed hydrosilylation mechanism using cyclic 
siloxane having active hydride functionalities .Viscoelastic and solvent resistant properties 
of the filler loaded systems (of the order of less than 0.1 wt%) were compared with bare 
fluorosilicone copolymer to prove that the nano filler loaded system retained viscoelastic 
characteristics even after long term exposure to solvents. Electrical conductivity and 
thermal stability of the composites were studied and compared with the neat copolymer. 
The studies revealed that very low loadings of nanofillers confer both long term and short 
term viscoelastic characteristics to copolymeric fluorinated siloxane systems. 
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A simple green route for the synthesis of silver nanoparticles in aqueous solution 
of polysaccharide, extracted from the mushroom, Pleurotus ostreatus cultivar, 
acting as both reducing and stabilizing agent, has been demonstrated in this 
work. The excellence of this method lies not only in its eco-friendliness but also in 
its simplicity. The advantages of this method are that there is no extra reducing 
and stabilizing agent is required. UV-Vis spectroscopy, HR-TEM and XRD were 
used to characterize these silver nanoparticles. The SPR band of UV-Vis spectrum 
at 415 nm confirmed the formation of silver nanoparticles. Transmission electron 
microscopic analysis showed an average size of Ag nanoparticles of 30 nm and its 
XRD and SAED pattern confirmed the FCC crystalline structure of metallic silver. 
Incorporation of Ag also increased the thermal stability of the polysaccharide. 
These Ag nanoparticles showed excellent antibacterial activity against both Gram 
positive and Gram negative bacteria. 
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Poloxamers are nonionic triblock copolymers composed of a central hydrophobic 
chain of polyoxypropylene (poly(propylene oxide)) flanked by two hydrophilic 
chains of polyoxyethylene (poly(ethylene oxide)). The word "poloxamer" was 
coined by the inventor, Irving Schmolka, who received the patent for these 
materials in 1973. Poloxamers are also known by the trade names Synperonics, 
Pluronics, and Kolliphor. We have chosen Pluronic F-127 and F-68 as our reaction 
media. In this study, synthesized Copper particles have different sizes and shapes 
upon changing the poloxamers. The whole reaction was done on oil bath at a 
constant temperature of 80oC. Formation of copper particles was identified by 
630 nm broad-peak in UV-Vis spectrophotometer. The polymer capped copper 
particles were characterized by X-ray diffraction (XRD) and Fourier transform 
infrared spectrometry (FTIR). Size and shape 
of particles were observed by Scanning 
electron microscopic (SEM) technique. 
Reactions are environmentally benign as they 
are carried out in aqueous medium. Copper 
sulphate (CuSO4) is used as the metal 
precursor and the existence of reducing 
property of the pluronics is proved by the 
formation of Cu0 particles from Cu2+ ions. 

 F-127 and F-68 capped Cu particles 
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The use of natural ingredients in noble metal reduction and nanoparticles 
synthesis has become more promising in comparison to chemical synthetic 
pathways. A typical plant extract containing such reducing properties combined 
with pronounced fluorescence property has been segregated and identified in 
natural Lac resin which was collected from rural West Bengal. The main 
compounds which are responsible for the fluorescence and reducing property of 
Lac are Laccaic acids. This pluralism is due to the presence of a number of 
different laccaic acids A, B, C and D. These are commonly known as lac dyes and 
the aqueous solution has a very intense red colour. The UV-Vis study gives a peak 
(λmax) at 361 nm. We have synthesized gold nanoparticles using this Lac extract in 
water medium, the green solvent at room temperature and also tried to identify 
the exact binding sites of the reductant. Synthesis of nanoparticles was 
established by UV-Vis spectroscopy and fluorescence study was done 
simultaneously with the same nanoparticles solution. To locate the binding sites 

of reductants and to calculate the binding 
constant, the Lac extract/auric chloride reaction 
was carried out using spectrophotometric and 
fluorometric studies at different times as the 
reaction proceeded. Other characterizations 
such as SEM, TEM, XRD and FTIR studies of the 
synthesized nanoparticles were also done. 
UV-Vis spectra of AuNPs 
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Porphyrin doped conjugated polymer nanoparticles have attracted considerable 
attention because of their multifunctional activities in medical imaging, 
biosensing, drug delivery, photonics, and biophotonics owing to their tunable 
optical properties, facile synthesis, minor toxicity, and enhanced biocompatibility. 
Here, the conformational variation of bis (zinc octaethylporphyrin), (ZnOEP)2 and 
aggregation behaviour of zinc octaethylporphyrin, ZnOEP  in poly (9-
vinylcarbazole) (PVK nanoparticles have been demonstrated. Steady state and 
time resolved spectroscopic investigation reveals that the bis porphyrin exhibits 
anti-conformation inside PVK nanoparticle and syn conformation in polymer 
nanoparticle form. ZnOEP became self-aggregated as J-type supramolecular 
organization when the molecules are 
encapsulated in PVK nanoparticles. 
Fluorescence quenching and shortening 
of decay time of PVK nanoparticles, 
unambiguously confirm the 
photoinduced energy transfer (above 
90%) from PVK host to the porphyrin 
guest which opens up the further 
prospect of application in light harvesting 
system. 
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Fluorescent Carbon nanodots constitute a fascinating class of recently discovered 
nanocarbons for their use in energy conversion/storage, bioimaging, drug 
delivery, sensors, diagnostics, and composites.[1] Herein, polyethylenimine 
branched (BPEI) functionalized carbon dots[2] (C-dots) are synthesized by 
changing the synthesis time using microwave pyrolysis method. The 
photoluminescence intensity and average decay time of C-dots are found to be 
increased with increasing the crystallinity of C-dots. C-dot-MEH-PPV polymer 
nanoparticles composites are formed by electrostatic interaction between these 
particles. The intensity of C-dots quenches dramatically with increasing the 
concentration of MEH-PPV (Poly [2-methoxy-5-(2-ethylhexyloxy)-1,4-
phenylenevinylene]) nanoparticles (PNPs) and the intensity of PNPs increases 
gradually under excitation at 370 nm. This phenomenon may be due to energy 
transfer from C-dots to PNPs because there is a good spectral overlap between 
the emission spectra of C-dots and the absorption spectra of PNPs. The drastic 
photoluminescence quenching and the shortening of decay time of C-dots in 
composites confirm the efficient resonance energy transfer from C-dots to 
polymer nanoparticles.[3] The energy transfer efficiency (66% to 89%) and rate of 
energy transfer is found to be depended strongly on the crystallinity.[4] These C-
dots-polymer composites would open up a way for developing new challenging 
materials for potential applications in photonics and optoelectronics. 
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With the growing demand for comfortable, clean and hygienic textile goods, an 
urgent need for production of antimicrobial textiles has arisen. In this work, 
synthesis of nano titanium oxide has been done by sol gel method and the effect 
of dispersing agents with varying ionic character on the particle size of the 
synthesised nano particles in terms of crystallinity and particle size was studied. 
Also, they were applied on cotton substrate and tested for their antimicrobial 
activity. The effect of the application of nano titanium oxide on the physical 
properties of the substrate, such as tensile strength, bending length, crease 
recovery angle has been analysed.  
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Targeted and efficient delivery of therapeutics to tumor cells is one of the key 
issues in cancer therapy. In the present work, we report temperature and pH dual 
responsive core–shell nanoparticles comprising shell coated with smart polymer 
on magnetic nanoparticles as an anti-cancer drug carrier and cancer cell-specific 
targeting agent. Magnetite nanoparticles, prepared by simple co-precipitation 
method,were surface modified by introducing amine groups using 3-
aminopropyltriethoxysilane. Various dual-responsive di/tri blockcopolymers 
consisting ofpoly(N-isopropylacrylamide), poly(acrylic acid) and poly(ethylene 
glycol) were synthesized by RAFT polymerization. The polymers were then 
attached to the amine-functionalized nanoparticles via EDC/NHS method. 
Further, to accomplish cancer-specific targeting properties, folic acid was 
tethered to the surface of the nanoparticles. The nanoparticles were characterized 
by XRD, TEM, SAED, FESEM, EDX, TGA, zeta potential, VSM measurements, and 
FTIR, UV-Vis spectral analysis. Doxorubicin (DOX) was loaded into the 
nanoparticles and its release behavior was subsequently studied as a function of 
temperature and pH. Result showed a sustained release of DOX preferentially at 
the desired lysosomal pH and temperature condition. The biological activity of 
the DOX-loaded MNPs was studied by MTT assay, fluorescence microscopy, and 
apoptosis. Intracellular-uptake studies revealed preferential uptake of these 
nanoparticles into cancer cells (HeLa cells) compared to normal fibroblast cells 
(L929 cells). The in-vitro apoptosis study revealed that the DOX-loaded 
nanoparticles caused significant death to the HeLa cells. These nanoparticles 
were capable of target specific release of the loaded drug in response to pH and 
temperature, and hence may serve as a potential drug carrier for in-vivo 
applications. 
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With miniaturization of microelectronics and associated increase in power 
densities, thermal management has become a critical issue to achieve sustained 
device performance and their lifetime [1]. Polymer filled with appropriate fillers 
having improved thermal conductivity offers possibilities of its applications as 
heat sinks in electronic packaging .The thermal properties of particles filled 
polymers is a complex function of their geometry, thermal conductivity of 
different phases, distribution in the matrix and contact between the particles 
[1,2]. In the present article, Simulation and modeling approach were employed to 
investigate the effective thermal conductivity of high density polyethylene filled 
nano - aluminum nitride particles (HDPE / nano-AlN polymer composites) with 
and without loading the nano-AlN with HDPE polymer matrix. A transient plane 
source method is used to measure the experimental effective thermal 
conductivity of the HDPE / nano-AlN composites consisting of 0-20vol.% loading. 
In the modeling approach, COMSOL is used to calculate the effective thermal 
conductivity of the composite by using the results of the thermal analysis. Three-
dimensional models are used to simulate the microstructure of composite 
materials for various vol.% loading of thermal conductivities of nano-AlN filler to 
HDPE matrix material. The spheres in a cube array model has been used to 
simulate nano-AlN particle filled composite. The obtained results showed an 
enhanced effective thermal conductivity over a wide range of filler loading 0-20 
vol.% HDPE / nano-AlN composites. For various concentrations of HDPE / nano-
AlN composites, the experimentally measured thermal conductivity values are 
well compared with the obtained effective thermal conductivity using simulation 
models. At lower filler concentration, up to 6 vol.% of nano-AlN , simulation 
model predict well with the experimentally measures effective thermal 
conductivity of the prepared composites. However, for higher filler loading (> 
6vol.%) there is an exponential increase in effective thermal conductivity value. 
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First time biocompatible reactive polymer, poly(glycidyl methacrylate) 
[poly(GMA)], grafted from magnetic nanoparticles by AGET/ATRP method, has 
been utilized to immobilize Candida Antarctica B enzyme. Epoxy functionality of 
poly(GMA) grafted on magnetic nanoparticles used for covalent attachment of 
enzymes. Enzyme immobilized polymer grafted magnetic nanoparticles were 
characterized by TGA, FTIR, TEM and VSM magnetometer. Reactive functional 
groups assist the formation of a permanent covalent bond between the polymer 
and the enzyme without affecting its tertiary structure. Resulting from the 
increased functionality, the immobilization amount of the enzyme on the 
magnetic nanoparticle surface has been greatly improved. Furthermore, the 
enzyme immobilized magnetic nanoparticles have higher optimum temperature 
compared with those of free lipase and exhibited better thermal stability as well 
as exhibited excellent repeatability. Immobilized enzymes used to catalyze a ring 
opening polymerization of ε-caprolatone. Process offers opportunities to reduce 
the reaction time and easy separation of the product and catalyst. 
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Hyperhydrophilic polymer was synthesized and imprisoned with gold by simple 
aqueous reduction method for drug loading application perspectives in acidic 
buffer. Although surface area, particle size, reactivity, scanning electron 
microscopy and energy dispersive x-ray analysis of base and MSP was performed. 
Owing to high polarity and compatibility with hydrophilic polymer, pantoprazole 
sodium reveals exponential adsorption inversely drug loading is gradual for 
chloroquine. Notably pantoprazole sodium loaded 72% and chloroquine 26% in 
initial 2 h whereas raised to 91% pantoprazole sodium and 62% chloroquine in 24 
h at pH 3. It is worth noting that initial 2 h is exponential adsorption period for 
pantoprazole sodium whereas exponential adsorption begins after 12 h for 
chloroquine. Monolayer drug adsorption was obtained since Langmuir 
adsorption isotherm followed by both drug. Pseudo first and second order 
kinetics was also evaluated to perceive adsorption mechanism and equilibrium 
capacity respectively. Furthermore, pseudo second order kinetics reveals linear 
increase in adsorption.  
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Facile synthesis of graphene oxide (GO) is of high importance for the preparation 
of graphene sheets. Graphene oxide is prepared from graphite by several 
methods. In the present work, we introduce a milder method of GO synthesis 
from tattered graphite. For the preparation of tattered graphite, micron sized 
graphite is refluxed in conc. Nitric acid for 24 hours.1 The resultant material is 
filtered and washed several times with deionized water to remove all acid 
impurities and dried in oven at 80 oC. Further, potassium permanganate and 
tattered graphite (3:1 ratio) are milled together until homogeneous. Then 
transferred to a beaker (in ice-bath) and conc. sulfuric acid (98 %,) is added drop-
wise with continuously stirring. The stirring is continued till a large volumetric 
expansion is observed. Deionized water is added, with rapid stirring followed by 
heating at 90 oC for ~ 1 hour and black colored suspension is formed. The 
suspension is centrifuged to remove the acid supernatant followed by washing 
with water : methanol mixture till neutral pH to remove the impurities of acid and 
salt. Black GO is dried and collected and characterized by FTIR, UV-vis absorption 
spectroscopy, Raman spectroscopy, and XRD. I(D)/I(G) ratio from Raman spectra 
suggests 47.3 Å cluster diameter and from XRD the crystallite size is calculated to 
be 46.1 Å, corroborating the Raman results. Finally GO is used as hole transport 
layer in organic photovoltaic device and compared with conventional PEDOT:PSS, 
which will be included in full paper.  

 
Figure 1. [A] XRD [B] Raman spectra and [C] UV-vis spectra (in water) of GO. 
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A cross-linked rubber is an elastic material where the macromolecular chains are 
linked together by covalent or non-covalent interactions. Formation of 
crosslinking network allows to stretch up the material by several hundred percent 
and it can come back to its original shape immediately after removing the stress. 
Simultaneously, it reduces the viscous properties of the materials in a 
considerable extent. On the other hand, the raw rubber being a visco-elastic 
material without any crosslinking may behave like liquid. That means it flows like 
liquid but rather slowly. Due this primitive viscoelastic nature an uncross-linked 
rubber sample always showing self-healing characteristics and it is the inherent 
properties of liquid. Here we simply treated a commercial rubber by an imidazole 
type of organic compound and processed the rubber at 100°C. Introduction of 
the imidazolium moieties onto the back bone of the rubber chains results to ionic 
character of the polymer. Owing to the ionic association1,2, the materials thus 
obtained were found to behave like a cross-linked elastomer with unique self-
healing characteristics. The materials retain its original properties when it is fully 
cut and allowed to self-repair3.Ionic group induced network structure was 
confirmed by the study of rheometric and other mechanical characterization. The 
self- healing properties are also very strongly reflected in studies of fracture 
mechanical behaviors. The crack growth rate was found to be remarkably 
reduced with this developed materials as compared with sulphur cured standard 
rubbers as observed by tear fatigue analysis. This simple approach to convert a 
commercial rubber to self-healing cross-linked rubber could offer a unique 
opportunity where application of these materials would be easily realized in 
highly engineering materials like tyres where safety, performance and longer 
fatigue life time are very crucial factors. 
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The presentation introduces into the rigorous (non-Gibbsian) molecular-statistical 
scenario for developing a theory of polymer networks with fixed topological 
constraints like permanent crosslinks and trapped entanglements (S. F. Edwards et al.). 
The specific features of mean-field approximations in the frame of the ,Merseburg’-
model of tube-like constraints of network chain conformations in stretched rubbers 
will be explained (Heinrich, Straube et al.). Extensions of the model include the 
presence of reinforcing fillers and the effects of limited network chain extension 
(Vilgis, Heinrich). The so derived materials law of rubber elasticity is suitable for 
implementation into a finite element code (Kaliske, Heinrich). This model is considered 
presently as one of the most powerful constitutive models for rubbers (Verron et al.). 
Further extensions of the model include specific details of nature and morphology of 
fillers and led to the combined micro-mechanical polymer network & filler-flocculation 
model (Klüppel et al.) which is here shortly termed as the ,Merseburg-Hannover’-
model of rubber elasticity. 
Several examples show applications with respect to large scale and FE directed 
modelling of rubber parts like motor mounts, sealings, etc. (Kaliske et al; Freund, 
Ihlemann, Lorenz, Juhre, Klüppel). Very recent applications are related to quantitative 
evaluation of crack propagation in rubber parts using J-integral concept (Lombardi et 
al.).  
The presented approach to solely physically based rubber material laws and their 
subsequent treatment and application can be considered as the only multi-scale 
approach that comprises consequently the route from statistical polymer mechanics 
via continuum mechanics to FE modeling, or in other words, from polymer network 
molecules to rubber parts. 
An outlook discusses the present efforts to incorporate into the prevailing concept the 
time dependent viscoelasticity of rubber materials. 
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Photo-oxidative degradation (weathering study) of rubber nanocomposites was 
studied under accelerated UV (≥ 290 nm) irradiation at different time intervals 
with changes in mechanical, thermal and physical properties before and after UV 
exposure. Prolonged exposure to UV leads to a progressive decrease in 
mechanical, thermal and physical properties along with a change in behavior of 
filler-matrix interaction, which was due to decrease in cross-linkage density with 
increase in the mobility of rubber chains. The increases in carbonyl (>CO), 
hydroxyl (-OH) functional groups after degradation of rubber nanocomposites at 
different time intervals were studied using FT-IR. Moreover, the change in 
morphological behavior of viton rubber composites before and after degradation 
was studied using SEM. Overall, the study shows that the rubber nanocomposites 
were affected more upon irradiation compared to pristine rubber (except silicone: 
nPS composites) and it was more prominent at higher wt % loading and higher 
time interval of UV exposure. In case of silicone: nPS composites, the rate of 
decrease in properties is more prominent for pristine silicone rubber as compared 
to nPS filled silicone rubber. This concludes that nPS enhances the stability of 
silicone rubber up to 1.5 wt % loading of nPS due to uniform dispersion and good 
compatibility followed by decrease in stability due to agglomeration of nPS in 
silicone matrix. 
  
Keywords: Nanoparticles, nanocomposites, photo-oxidative degradation and morphology 
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Swelling of polymer gels is an important kinetic phenomenon, more so in the 
case of charged gels (polyelectrolyte gels) as the volume of the gel may change 
by several orders of magnitude. Although the equilibrium properties of a 
polyelectrolyte gel before or after the swelling is well studied, there is still need 
for a good understanding of the kinetics of the swelling. The main aim of our work 
is to apply the concept of charge regularization (adjustment of the degree of 
ionization of the polymer), and determine the effect of counterion pressure in the 
swelling kinetics. In the process we calculate the location of the gel-solvent 
interface over a period of time. We further calculate the osmotic stress and degree 
of ionization at all points inside the gel at different times during swelling. In this 
talk, we will present a few preliminary results. 
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Silicones are a class of inorganic polymers that contains –Si-O-Si- bond into their 
backbone. Depending upon the molecular weight of the polymer, these materials 
can be readily available in three different forms including liquid, gum and solid. 
These materials continue to attract a growing academic / industrial attention due 
to their attractive optical, thermal, insulating and surface properties.[1] New 
applications of these materials are being considered in new markets such as in 
Agriculture, Oil & Gas, Electronics, Personal Care, and Healthcare etc.[2-4] 
Elucidation of structure-properties relationships which in turn determines the 
final performance in many different applications is one of the very important yet 
challenging aspects in silicone chemistry. In this presentation we will describe 
microstructural characterization experiments on various model and commercial 
silicones. Some interpretation on the key material properties of the silicones will 
also be presented based on our characterization data.  
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A resinous mass was isolated from the latex of Euphorbia caducifolia Haines and 
was characterized. The tree is abundant in the district of Rajasthan in India. The 
total solid content of the latex was found to be 27% out of which nearly 70% was 
soluble in toluene. Both the fractions were found to tacky however, the soluble 
fraction was slightly more tacky than the insoluble fraction due to high metal 
content. Analysis showed that both the fractions were mainly composed of 
various terpenes and terpenoids. Nearly 83% of the soluble fraction contained 
monoterpenes and terpenoids, 8.3% as triterpenes and terpenoids and the rest as 
polyterpenes i.e. natural rubber. Both the fractions exhibited low melting 
envelops similar to conventional tackifiers and produced insignificant volatile loss 
within processing window (80-1500 C). Application of both soluble and insoluble 
fractions into gum natural rubber compound as substitute to PF and CI resins 
showed nearly equivalent tack properties with CI but slightly inferior to PF resins 
at 3 and 5 parts loading respectively. However, the green additives were 
instrumental in raising the cure rate, especially the soluble mass and improving 
the post-ageing retention of mechanical properties of the compounds compared 
to conventional tackifiers.  
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Thermoplastic elastomers (TPEs) are one of the fastest growing polymeric 
materials which combine the elastic and mechanical properties of cross-linked 
rubbers with the melt processability of thermoplastics at elevated temperatures. 
TPEs find lot of applications in automotives, building and constructions, wires and 
cables, soft touch etc. The most important advantage of a TPE is its ability to reuse 
and recycle the production scrap and waste. Thermoplastic vulcanizates (TPVs) or 
dynamic vulcanizates are a special class of TPEs, produced by simultaneously 
mixing and cross-linking a rubber with a thermoplastic at elevated temperature. 
As a result a typical morphology is formed, where the cross-linked rubber 
particles are finely dispersed in a continuous matrix of thermoplastic. The size of 
the dispersed rubber particles and their distribution in the matrix primarily 
govern the performance of TPVs. 
Thermoplastic vulcanizates (TPVs) based on polypropylene (PP) with ethylene 
octene copolymer (EOC) and ethylene propylene diene rubber (EPDM) have been 
developed by co-agent assisted dicumyl peroxide cross-linking system. The study 
was pursued to explore the influence of two dissimilar polyolefin polymers (EOC 
and EPDM) having different molecular architectures on the state and mode of 
dispersion of the blend components and their effects with special reference to 
morphological, thermal and mechanical characteristics. The effects of dynamic 
cross-linking of the PP/EOC and PP/EPDM have been compared by varying the 
concentration of cross-linking agent and ratio of blend components. The results 
suggested that the uncross-linked and dynamically cross-linked blends of PP/EOC 
exhibit superior mechanical properties over PP/EPDM blends. From the hysteresis 
experiments it was found that PP/EOC blends also perform better fatigue 
properties over PP/EPDM based blends. It was demonstrated that, the origin of 
the improved mechanical properties of EOC based blends is due to the combined 
effect of the unique molecular architecture with the presence of smaller crystals 
and better interfacial interaction of EOC phase with PP as supported by the results 
of thermal and fatigue analyses. 
Keywords: polymer blends, elastomers, dynamic cross-linking, peroxide, morphology 
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Elastomers are unique class of engineering materials exhibiting high reversible 
deformation under mechanical stress with distinctly low elastic modulus. Such 
property arises due to the extremely low inter-chain interactions and the 
presence of certain degree of crosslink structure which prevents sliding of chains 
against their immediate neighbors causing plastic flow.1-2 Liquid Silicone Rubber 
(LSR) is a prime candidate in performance elastomer offering wide operating 
temperature window, excellent weather- ability, ultralow temperature toughness, 
high biocompatibility and higher optical transparency3 in comparison to 
synthetic organic elastomers. By composition, LSR is nanocomposite of 
reinforcement silica fillers compounded into reactive Poly (dimethyl siloxane) 
(PDMS) resin blends which will be cured to yield elastomeric structure. The 
presentation will highlight the generic chemistry involved in LSR processing and 
at the same time also explores the morphological aspect4 of silica nanofillers in 
controlling the mechanical properties of the elastomer. 
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Polyurethanes are versatile polymers with wide range of applications such as 
coatings, thermal insulation, foams etc. Thermodynamically driven block 
segmentation during synthesis is a key factor in deciding the thermo-mechanical 
properties of all classes of polyurethanes. Small angle neutron scattering is a 
widely used tool to characterize the nanoscopic segmented morphology. 
Contrast variation is a technique which is used to simplify complex structure 
using neutrons. In polyurethane systems, D2O wetting method is widely used to 
make the hard domains prominent. The effect of D2O wetting on the size and 
shape of hard domains was investigated using SANS on various types of PU’s. 
SANS analysis shows an increase in core radius and volume fraction of hard 
domains. This can be due to urea domain swelling on D2O wetting. Hence, this 
study indicates the likelihood of anomalies that could occur in size and shape 
estimation of polyurethanes as characterized by SANS. 
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‘Aerostat’ is an advanced inflatable coated textile structure having an 
aerodynamic shape which can be raised to desirable altitude for prolonged 
duration. Unlike fixed-wing aircraft or helicopters, aerostats are based on ‘lighter-
than-air (LTA)’ technology, typically using helium gas to stay aloft and tethered 
using a mooring system operated from a fixed location. A typical aerostat 
envelope structure consists of a strength layer generally of woven textiles and a 
protective layer of polymer to serve the purpose of gas barrier and thus maintain 
the structure in inflated condition. In such case, the lifetime of the ultimate 
inflatable Aerostat structure is primarily determined by the protective properties 
of the polymeric coating against harsh atmospheric weathering stresses, most 
commonly UV radiation. But the use of conventional polymeric coatings (PVC, 
Acrylic etc.) in these applications gets very limited because of their poor 
weathering resistance [1]. As an alternative material for the protective layer of the 
aerostat, thermoplastic polyurethane (TPU) has recently attracted more and more 
interests [2, 3]. In this work, the influence of isocyanate (aromatic and aliphatic) 
and polyol (ester and ether) types of TPU, individually as well as in combination 
with different UV protective additives (UVA, HALS, AO), have been studied against 
xenon arc artificial weathering for different exposure time. Helium gas barrier 
properties of the different TPU coatings have been tested as per ASTM D-1434. As 
a measure of degradation behavior, change in surface morphologies and other 
physical properties of TPU films with exposure time have also been evaluated 
through microscopic technique, spectroscopic technique and uniaxial tensile test. 
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In this study, we describe the application of thiol-alkyne chemistry for the 
development of one of the unique 3 D gel networks. Poly(ethylene glycol) 
functionalized with tetra-acetylene (PTETACT) and pentaerythritol (3-
mercaptopropionic acid) (PETM) are cross-linked by a thiol-alkyne reaction with a 
tetra-functional thiol to create robust, tunable networks. A new class of unique 
gels is produced by gelations in various organic solvents as well as water. The 
newly developed gel shows maximum swelling in dichloromethane (DCM) 
followed by chloroform, dimethylformamide (DMF), dimethylsuphoxide (DMSO), 
and water. Interestingly, swelling of the gel never occurs with toluene and 
hexane. Microscopic pore formation of the gels is confirmed by Scanning Electron 

Microscope (SEM) studies. This is the 
first report of creating 3 D gel 
networks by thiol-alkyne reaction in 
the presence of triethylamine under 
moderate temperature. 
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The formation of finely dispersed micron-sized cross-linked rubber agglomerates 
in the thermoplastic matrix during dynamic vulcanization is now a well accepted 
theory to explicate the final properties of thermoplastic vulcanizates (TPVs). Based 
on our previous results, we have investigated further the most influential and 
essential parameters which controls the ultimate properties of the TPVs. Three 
TPVs based on poly[styrene-b-(ethylene-co-butylene)-b-styrene] triblock 
copolymer (S-EB-S) and solution polymerized styrene butadiene rubber (S-SBR) 
have been prepared containing different proportions of rubber fraction. 
Thereafter, advanced microscopic techniques viz. TEM, FESEM and AFM have 
been used for the microstructure analysis. The dynamic experiments have then 
been performed to correlate the morphological observations with viscoelastic 
properties. The experimental results and the morphological images confirm that 
the network structure formation during dynamic vulcanization and its integrity is 
the most influential parameter to cause the utmost properties for the TPVs. The 
finely dispersed cross-linked rubber particles obtained during dynamic 
vulcanization are actually the disintegrated and agglomerated rubber nano-
particles having average particle size between 80 and 85 nm. It has also been 
confirmed that the integrated rubber network structure has an inverse 
relationship with the proportion of rubber fraction present in the TPVs. 
Mechanical properties, melt rheology and dynamic viscoelastic measurements 
also support the network structure disruption and disintegration observed in the 
morphological images and thus, nullifies the supremacy of dispersed phase 
morphology theory behind the superior properties obtained from the TPVs. This 
work elucidates the necessity and importance of integrated network structure 
formation over the morphology evolution during dynamic vulcanization and 
leads to a new avenue to understand morphology-mechanical-rheological-
viscoelastic property correlation in TPVs. 
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Rubber / Clay nanocomposites (RCNs) constitutean area of active research due to 
theirpotential industrial applications. Organo-modified nanofillers enhance the 
mechanical properties of the nanocompositesexceptionally(1, 2). The main 
challenge in preparing RCNs using nanoclays is that the clays are hydrophilic in 
nature whereasmany of the polymers arehydrophobic which makes them 
incompatible leading to reducedphysico-mechanical properties. Modification of 
claysusing organic surfactants improves their compatibility with rubber matrix. 
Organomodified clay–rubber nanocomposites are reported to show ‘exceptional 
improvements’ in physico-mechanical properties at very low dosages of the 
modified clay, enabling various industrial applications.  Many of the organo-
modifiersreported for clays are rather expensive since these are based 
onpetrochemical sources that are depleting day-by-day. 
Phosphorylated Cashew Nut Shell Liquid prepolymer (PCNSL) – a derivative of 
CNSL (alow cost renewable natural resource) has been reported as a 
multifunctional additive for rubbers. PCNSL is amphiphyllic in nature with a 
hydrophilic phosphate group and a hydrophobichydrocarbon side chain making 
it an ideal candidate as a compatibilizer between polar and nonpolar polymers or 
additives.However its use as an organomodifier for inorganic fillers has not been 
reported. 
Rubbervulcanizates containing very low dosages of PCNSL modified kaolin 
showed improved physico-mechanical properties compared to unmodified kaolin 
and commercially available precipitated silica used in the rubber industry.It shows 
promising future in the design and development of cost effective industrial 
rubber products such as foot-wears or sidewall of automobiletyres. 
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Chemical modifications of hydroxyl-terminated polybutadiene (HTPB) with 
hydrogen bond forming functionalities were used as tactics to improve both 
tensile strength and elongation of polyurethanes (PUs) simultaneously. PUs were 
prepared using various diisocyanates with modified HTPB in which 
dinitrobenzene (DNB) groups are attached to terminal carbon atoms. The 
spectroscopic studies revealed the presence of an additional hydrogen-bonding 
network between DNB and the urethane backbone, which resulted into 
supramolecular cross-linking and was found to be responsible for significant 
improvement in mechanical properties of HTPB-DNB-PUs. Also, substantial 
improvement of elongation at break was observed in the case of HTPB-DNB-
PUs,Smallangle X-ray scattering (SAXS) and thermodynamically studies indicated 
a strong segmental mixing between the hard and soft segments of HTPB-DNB-
PUs. Growth of partial crystalline character in HTPB-DNB-PUs was believed to be 
responsible for “fibrous-assembly” morphology. In summary, modification of 

HTPB induced extra cross-linking 
through supramolecular 
hydrogen bonding which in turn 
concurrently enhanced both 
strength and elongation of Pus. 
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Cardanol, an agricultural by-product of the cashew industry, is a cheap and 
abundantly available renewable resource. The multifunctional activity of cardanol 
in the rubber and polymer industries has been well-established in recent years. 
Cardanol, a naturally occurring meta-pentadecenyl alkyl chain substituted 
phenol, is used as multifunctional additives (MFA) in rubbers. It is expected that 
grafting of cardanol onto styrene butadiene rubber (SBR) will develop the 
multifunctional characteristic of rubbers. The present study deals with the 
grafting of cardanol onto SBR in the latex stage using benzyltrimethylammonium 
chloride and potassium persulfate as free radical initiator. The grafting 
parameters have been optimized for maximum yield in terms of percent grafting 
and grafting efficiency by the Taguchi method. Four control parameters, i.e., 
initiator concentration, cardanol concentration, reaction temperature, and 
reaction time, are varied at three different levels. The grafted rubber was 
characterized by infrared spectroscopy, nuclear magnetic resonance 
spectroscopy and thermal analysis. IR spectrum of cardanol exhibited 
characteristic peak of cardanol for phenolic -OH. Also the percent of grafting (PG) 
and grafting efficiency (GE) of cardanol onto SBR were determined by residual 
weight method. Differential scanning calorimetry analysis of the grafted SBR 
showed a lower glass transition temperature than that of raw SBR which indicate 
the plasticization effect of cardanol. The thermogravimetric analysis showed the 
higher thermo-oxidative stability of cardanol grafted SBR. The analysis of variance 
method is used to evaluate the percentage contributions of the different control 
factors on the percent grafting and grafting efficiency.  
 
Keywords: Cashew nut shell liquid (CNSL), Cardanol, Styrene Butadiene Rubber, Latex, 
Grafting efficiency (GE) 
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Reinforcement effect of sol-gel derived nano silica on the properties of rubber 
blends composed of natural (NR) synthetic rubber has been investigated. Much 
better silica dispersion in the rubber blends is achieved following this technique 
in comparison to externally silica filled composites of similar composition. This 
leads to significant improvement in modulus, tensile strength and dynamic 
mechanical properties of all the in-situ silica filled composites relative to 
externally filled composites. Best mechanical properties are shown by the in-situ 
filled composite with at 40/60 blend ratio. This result is in agreement with the 
rheological properties, thermal properties and viscoelastic behaviors of this 
particular composite. Additionally, analysis of glass transition temperature (Tg) 
values reveals that compatibility of NR and CR is enhanced by incorporation of in-
situ silica which in turn contributes in improving physical properties. This 

enhancement in the compatibility of rubber 
blends is attributed to the preferential 
accumulation of in-situ silica at the interphase 
of the two constituent rubbers. Ultimate 
properties of the composites are found to be 
governed by the blend composition, blend 
compatibility and state of filler dispersion, as 
well, in addition to filler content. 
 

Enhancement in compatibility of NR/CR blends by the addition of in-situ silica 
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A series of polyurethane elastomers, based on hydroxyl terminated 
polybutadiene (HTPB), toluene diisocyanate, 1, 4 - butanediol, and 
trimethylolpropane, with different stoichiometry were synthesized following one 
-step polymerization method in bulk. The polyurethane elastomers were 
characterized by one dimensional (1H, 13C, and DEPT-135 & 90), two dimensional 
(COSY, HMBC, and HMQC/HSQC) NMR spectroscopy, and FTIR using Attenuated 
Total Reflectance (ATR) technique. The elastomeric properties on dumb-bell 
shaped polyurethane specimens were measured by Instron Universal Testing 
Machine (UTM). The structure-properties relationships have been discussed in 
detail. The thermo-kinetics of the polyurethane elastomer under non-isothermal 
condition at heating rates of 4, 6, 8, 10, and 15 °C/min in the temperature range of 
30-400 °C in an air atmosphere was investigated by Differential Scanning 
Calorimetry using integral approximation methods. The most probable kinetic 
model for thermo-oxidative degradation of polyurethane was found to be 

 by Coats and Redfern integral method. The 
activation energy ( ) and pre-exponential factor ( ) were in the range from 80 - 
99 kJmol-1 and 6.54 × 107 - 2.64 × 1010 min-1 respectively. The kinetic triplets [ , , 
and ] obtained from Coats and Redfern integral method were used for 
prediction of half-life and thermal lifetime profile of the polyurethane elastomer 
at different temperatures. The thermo-oxidative conversion of 50 % was 
considered as the point of failure suggesting end of thermal life of the 
polyurethane elastomer. It was found that the thermal life decreased significantly 
from 14 years to 1.2 years as the temperature increased from 25 °C to 45 °C. The 
study is a valuable guide for thermal processing, long term storage condition, and 
stability assessment of HTPB-based polyurethanes for various industrial 
applications.  
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There have been many attempts to prepare process-able polyimides without 
sacrificing desired properties. To accomplish this goal, flexible bridging units as 
well as bulky groups are incorporated into the rigid polyimide backbone, or the 
attachment of bulky side groups has been widely used [1]. Polyimides containing 
ether linkages prepared through phenoxy derivatives via nitro displacements, 
especially General Electric’s poly (ether imide) Ultem, have achieved great 
commercial success [2]. The majority of PEIs are non-crystalline and their glass 
transition temperatures (Tgs) ranges from 200 to 2800C.  
At the same time there is a continuing need for elastomers capable of 
withstanding elevated temperatures. In defense industry, specific needs are 
associated with aircraft fuel tank sealants and O-rings and gaskets in missile 
structures and engines. Silicone is the commonly used elastomeric material in 
these applications. However, there are performance limitations with these 
elastomers [3]. 
 In 2007 D. H. Wang published the research work related to the effect of 
introducing multiple alkyl side chains on the thermal, mechanical and optical 
properties of aromatic polyetherimides [4]. The PEIs containing multiple alkyl side 
chains show much higher elongations but lower tensile strengths and moduli 
than the commercial Ultem_1000. 
In my work I am trying to impart elastomeric properties in polyimides without 
sacrificing their excellent thermal and mechanical properties. Hence, it is 
proposed to prepare diamine monomers containing ether linkages in the 
backbone and pendant with long alkyl/aryl ether and characterize their structure 
by FT-IR, 1H-NMR, 13C-NMR, mass spectra and elemental analysis. Polyetherimides 
will then be prepared with aromatic dianhydrides by the conventional two step 
process and characterized by spectral techniques to study the structure. The Tg 
and thermal stability will be studied by DSC/DMA and TGA respectively. The 
molecular weight will be determined with GPC. The mechanical properties of the 
thin films will be studied by UTM.  
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Rubber is the key component of the sleeves used for sealing in the gate valves. 
Sleeves are subjected to compressive stress due to the impact of the slurry on the 
gate . As a result, rubber experiences wear and fatigue. It is required to properly 
understand the behavior of the rubber under compressive loading. For this 
reason, atest rig was designed to conduct cyclic compression tests on rubber 
specimen to understand the loading behavior exhibited by rubber when 
subjected to a maximum compressive strain of 50% or higher.Load and the 
corresponding displacement was measured using load cell and displacement 
transducer respectivelyusing NI 9237 DAQ system connected to LabVIEW.  
Additionally, the strain rate was varied in a sinusoidal fashion using a cam and 
follower executing a Simple Harmonic Motion (SHM). This was done to simulate 
field condition in knife gate valve operation. When the gate comes down to stop 
the slurry flow through the valve, the strain rate experienced by the rubber is 
variable. 
The rubber materials used for testing are of premium grade natural rubber 
(Polyisoprene). Two specimens used have hardness (Shore A) in the ranges 47-53 
and 65-70. 
Data obtained was processed to plot the variation of engineering stress 
experienced by rubber with the following: No. of cycles (for a fixed value of the 
displacement), strain rate. This test was done on both the specimens to compare 
the behavior exhibited by the two under identical test conditions. Both the 
specimens exhibited Mullins’ effect.  To effectively describe the behavior of stress 
softening observed in the first few cycles, a mathematical model was devised. 
Further study of variation of load with changing strain rate confirmed the effect of 
strain rate on the load experienced by the rubber. 
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The elastomeric materials are generally used as sealant over any other materials 
owing to their salient features like:light in weight, elastic recovery after stress, 
flexibility, extrusion resistance etc. There are many synthetic elastomers available 
which are used in making the elastomeric components as per functional 
requirement. Several new elastomeric formulations are being brought out yearly 
addressing the critical demands of aerospace industry. Bromobutyl rubber(BIIR) 
for example, by virtue of its inherent chemistry, has got low permeability to gases 
and good heat ageing properties, good weatherability, ozone resistance and 
resistance to corrosive environment involving acids, alkalies and polar solvents. 
The reactivity of butyl rubber afforded by the presence of allylic C-X bond in BIIR 
gives rise to unique cure reactions with several options. 
In present study ,three different types of bismaleimides e.g. 
Bismaleimidodiphenylmethane (BMPM), 2, 2 - Bis4 -[(4maleimidophenoxy) 
phenyl]propane (BMIP) and Bis4-maleimidophenylether (BMIE) were used to 
study the effect of types of bismaleimide on BIIR crosslinking. The rheological and 
analytical studies were carried out to know the cure behavior of bismaleimides on 
BIIR compounds. The study on effect of these different cure systems on thermo 
mechanical properties and chemical resistance of BIIR compounds were carried 
out. The composition optimization to achieve required process ability and 
compatibility with liquid propellants used in liquid stages of rocket engines such 

as N2O4 and Monomethyl hydrazine(MMH) were also 
carried out. The crosslink density of three  types of 
bismaleimides were calculated using the solvent 
(toluene and xylene)method. The swelling behaviour 
of different types of bismaleimide cured BIIR 
compound with Xylene is shown in figure1. 
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In this work, the authors have investigated the impact performance of natural 
rubber (NR) coatedhigh strength, high modulus fabrics. The effect of different 
coating techniques were studied. Kevlar 149 and UHMWPE fabric were coated 
with different concentrations of NR solutions (20%, 30%).Samples were produced 
with different add on percentage. The NR solutions with 20 % and 30% solid 
content provided 4 and 6 % add-on on Kevlar fabric and 6 and 9% add-on on 
UHMWPE fabric. Multilayered fabric structures coated with NR were alsostudied. 
Compression mouldingwas used to prepare the layered fabric structures. The 
effects of coating with different add-on percentages on fabrics were studied. 
Different mechanical properties like, tensile strength, yarn pull out force, 
puncture resistance, peel resistance for double layered fabric system were 
studied. The pull out force increased by ~ 480% and 360% on Kevlar and 
UHMWPE fabrics coated with NR. The tensile strength of both the fabrics also 
increased by about 60%. A peel force of 2.3 and 2.6 kgf was obtained with two 
layered structures of Kevlar and UHMWPE respectively. 
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Nylon 6 (PA6) is a widely used engineering thermoplastic due to its excellent 
dimensional stability, light weight, chemical resistance, low cold brittleness 
temperature and excellent electrical properties. However, it has relatively low impact 
strength, which limits its applications. Although its toughness can be improved by the 
addition of plasticizers, research on other impact modifier continues.1 Several studies 
of compatibilization of polyamide / elastomer blends involving the maleic anhydride 
grafted polyethylene–propylene–diene ternary rubber (EPDM-g-MA) have been 
reported.2  

Metallocene-catalyzed poly(ethylene-co-octene) and poly(ethylene-co-butene) 
elastomers (designated as POE and PBE respectively) typically exhibit faster mixing 
and better dispersion  compared to the conventional polyolefin elastomer EPDM 
when blended with polypropylene (PP).3  Since the ratio of viscosity to elasticity in the 
case of  POE / PBE is lower than that of EPDM, EPDM rubber often forms a spherical 
domain shape in the polymer matrix, whereas POE / PBE always forms an elliptic 
domain shape in the matrix.4 Therefore, an attempt has been made in this 
investigation to substitute EPDM by rubbery grade of POE / PBE (i.e. POE16 / PBE16 
respectively) to toughen PA6.  
Since, POE16 and PBE16 are completely non-polar in nature, they have been chemically 
modified via grafting of acrylic acid (AA) and sulfonation  to impart polarity onto these 
elastomers. The effects of these polar AA modified or sulfonated POE16 / PBE16 in 
different concentrations in the PA6/ (POE16/PBE16) blends of various compositions have 
been investigated in detail. Impact strength has also been reported in the case of the 
blend compositions containing high PA6 for practical reasons. The physico-mechanical 
properties have been explained with the help of structural aspects of the blends, as 
investigated through X-ray diffraction, differential scanning Calorimetry, dynamic 
mechanical thermal analysis and scanning electron microscopy. Uncompatibilized 
blend of nylon 6/POE appears as physically immiscible blend, Better inter-phase 
dispersion aided by AA grafted POE supports efficient stress transfer among phases 
and causes almost two fold increase in impact resistance i.e. 108 J/m compared to 56 
J/m only for the former.  
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Thermo‐ and redox‐responsive degradable hyperbranched polymers, poly(N‐
isopropylacrylamide‐co‐N,N´-bis(acryloyl)cystamin) [P(NIPAM‐co‐BAC)], were 
prepared by statistical copolymerization of N‐isopropylacrylamide and N,N´-
bis(acryloyl)cystamine by reversible addition‐fragmentation chain transfer (RAFT) 
polymerization. These hyperbranched polymers were further used for the synthesis 
of star copolymers, poly(N–isopropylacrylamide‐co‐N,N´-bis(acryloyl)cystamin)‐b‐
poly(N,N‐dimethylacrylamide) [P(NIPAM‐co‐BAC)‐b‐PDMA], via successive RAFT 
polymerization with various branching units in the core and with variable arm 
numbers. The effect of branching units on aggregation diameter and thermo‐
responsive behavior was investigated by dynamic light scattering (DLS) and UV–Vis 
spectroscopy. DLS results revealed that the aggregated size of branched polymer at 
the cloud point (CP) had a positive correlation with average repeat unit of branch. 
The redox response of the disulfide linkages in the hyperbranched polymers above 
and below the CP was observed by size‐exclusion chromatography (SEC) and DLS. 
The linear polymer was found by reduction and different morphologies of polymers 
were observed by oxidation of linear polymers at above and below the CP. The 
formation of core‐crosslinked star polymers above the CP was confirmed by 
transmission electron microscopy (TEM).  
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	Biological systems reveal elegant molecular design that meet functionality as well as degradability/end-of-life considerations.  Biobased materials provide valuable insights into structure property-relationships that can help us fashion the next gener...
	First, the development of non-halogenated flame retardant materials inspired by fire resistant biomass will be presented. We have demonstrated that naturally occurring phenols can be oligomerized to yield additives that have excellent char forming cha...
	Biobased and bio-inspired surfactants are the second class of materials that will be discussed. Non-ionic surfactants such as nonylphenol ethoxylates (NPE), are being phased out due to their aquatic toxicity.  Inspired by oil eating bacteria, A. Calco...
	The benefits for the pursuit of materials research using renewable feedstock transcends sustainability considerations and reveals exciting possibilities through bio-inspiration, rendering it worthwhile from both scientific and commercial perspective.
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	Highly/hyper branched polymers have a large number of end groups that are positioned towards the outside of the polymer coil in solution. In this respect they are very different to linear functional polymers with functional groups along the main chain...
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	Fluorinated polymers1 are a remarkable polymers because of their thermal, chemical and oxidative stability  making them useful in specific applications such as non-sticky paints and coatings, chemically resistant O-rings and seals, membranes for fuel ...
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	Only four main routes of CRP of fluorinated alkenes are possible so far3: iodine transfer polymerization (ITP)4 that this the oldest by far, MADIX5, and more recently, that involving specific transition metal complex under photoinitiation.6 More detai...

	1R & D, Xenocs, Sassenage, France - Frederic.Bossan@xenocs.com
	2State Key Lab Polym. Phys. Chem, Changchun Inst. Appl. Chem, Changchun, China
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	/The progress in the performances of x-ray components and subsequent assembly offers such characterization methods in the laboratory. Hence, investigation of an injected semicrystalline polymer has been performed, emphasizing the nanostructure orienta...
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	Polymers can be characterized using different methods in TEM and SEM. While the Cryo TEM allows to examine and study the morphology of polymers, Spectroscopic technique such EELS can give additional information on the carbon bonding by showing differe...
	These different methods will be explained with illustrative examples.
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	The growing demand for High Refractive Index (HRI) polymers has attracted intense attention from industry and academia, due to their excellent performance as OLED encapsulates and in other optoelectronic areas. According to Snell’s Law of Refraction, ...
	In the present study, in order to obtain HRI polymers without metal residues, 1,3,5-tris(naphthylethynyl) benzene with two aromatic moieties (naphthalene and benzene) was designed as B3 monomer. Through “A2+B3” metal-free thiol-yne click polymerizatio...
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	Polypropylene (PP) is second largest polymer globally in term of volume.Currently PP is produced by three major propylene polymerization processes – slurry, gas and bulk polymerization. Magnesium dichloride supported titanium Ziegler Natta (ZN)catalys...
	We have developed single step slurry polymerization technique by changing reaction parameters to evaluate catalyst under severe condition.Three catalysts [5]– low (3.1 KgPP/gcat), medium (6.3 KgPP/gcat) and high activity (9.6 KgPP/gcat)- were evaluate...
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	Polybisbenzoxazoles are a class of rigid rod polymers known for their extremely high tensile strength, modulus, thermal and flame resistance. These polymers are soluble only in very strong acids and therefore pose processability problems. Extensive re...
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	Multiblock copolymers with complex architectures oﬀer opportunities to create a diversity of ordered phases due to their greatly enlarged parameter space[1]. The studies on multiblock copolymer architectures are primarilylimited to theoretical investi...
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	In the past few decades, polymers have revolutionized our life. Their low price, easy processability, exceptional mechanical properties have led to the use of polymers in variety of applications. However we are still far behind to mimic the nature’s c...
	/The tremendous effort of the present decade in designing of bio-relevant functional polymer already come up with application in the domain of drug delivery, cell-growth media, tissue scaffolding.1 Our group is also actively involved in the design and...
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	Poly(lactic acid) (PLA) is biocompatible and biodegradable polymer derived from renewable sources and having potential properties as compared to petroleum based synthetic plastics. One of major the disadvantages of PLA is its brittleness which restric...
	Biocomposite materials have received considerable scientific and technical interest. Cellulose whiskers (CNW) have focused attention as reinforcing fillers in nanocomposite materials as a combination of their high surface area and unique morphology as...
	Now a day the environmental concern has lead to growing interest in substitute traditional material with greener alternatives. One of the main drawbacks of CNW is their high propensity to agglomeration (or film forming) as soon as they are dried. An i...
	In the present work, the surface modified CNW’s were prepared by in situ surface grafting via ROP method using lactide enantiomers and (-caprolactone. The CNW’s were characterized by CP MAS 13C NMR, FTIR spectroscopy, scanning electron microscopy (SEM...
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	An effectual chelating resin was synthesized for the detoxification of hazardous metal ions using a synthesized resin involving anthranilic acid/4-nitroaniline/formaldehyde. The resin was characterized by FTIR, 1H & 13C NMR spectroscopy and its morpho...
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	A mechanistic study on oligomerization of olefins of isomeric octenes is reported using Lewis acidic ionic liquid as catalysts. This was aimed at understanding the effect of the position as well as geometry of the double bond on the probable pathway o...


	POSTER 1
	1Advanced Research School for Technology & Product Simulation (ARSTPS), Central Institute of Plastics Engineering and Technology (CIPET), Chennai, India
	2Laboratory for Advanced Research in Polymeric Materials (LARPM), Central Institute of Plastics Engineering and Technology (CIPET), Bhubaneswar, India
	Email: nag1987@gmail.com
	/The present investigation highlights the synthesis and characterization of Epoxidized castor oil (ECO) toughened DGEBA epoxy nanocomposites. Toughened nanocomposites was synthesized using ECO as a reactive diluent for Diglycidyl Ether of Bisphenol A ...

	Reddy, P.N., Mohanty, S., and Nayak, S.K. Polym. Plast. Technol. Eng., DOI:10.1080/03602559.2014.919658.
	Altuna, F.I., Esposito, L.H., Ruseckaite, R.A., and Stefani, P.M. (2011) J. Appl. Polym. Sci., 120, 789.
	Department of Chemistry, Anna University, Chennai-600025, India                                                              msrde2000@yahoo.com
	Initially, 4-aminophenyl propargyl ether (APPE) containing alkynyl group and diazides monomers were synthesized for the click reaction. Novel 1, 2, 3-triazole containing diamine monomers were synthesized by 1, 3-dipolar cycloaddition reaction in the p...

	Department of Chemistry, Anna University, Chennai-25
	E-mail : msrde2000@yahoo.com
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	/The rational synchronization of living carbocationic and reversible addition-fragmentation transfer (RAFT) polymerization has successfully enabled the synthesis of novel diblock chiral copolymer consisted of polyisobutylene (PIB) and tert-butyloxycar...
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	Now a days, much research interest devotes to block copolymer (BCP) micelles that respond to environmental conditions or stimuli such as pH, temperature, etc.1Recently, there has been emerge attention in photoresponsive BCP micelles whose aggregation ...
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	/So far many miktoarm star polymers, through different polymerization techniques, have been reported. We have synthesized a novel dendrimer like star polymer, based on β-cyclodextrin, in which the primary alchoholic arms of β-cyclodextrin core are lin...
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	The kinetics of the esterification of phthalic anhydride (PA) with 1,4 butenediol (BDO) in the presence of tetrabutyl orthotitanate as a homogenous catalyst was studied in semibatch reactor and produced 1,4 butanediol ortho-phthalate. Investigation of...
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	The reversible addition-fragmentation chain transfer (RAFT) polymerization of N-vinyl pyrrolidone (NVP) has been investigated in the presence of prop-2-ynyl morpholine-4-carbodithioate (PMDC), a chain transfer agent (CTA). The influence of several exp...
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	There are many efforts have been made to develop new catalyst systems for regio- or stereoselective polymerization of conjugated dienes to get higher amount of cis-1,4 polybutadiene for elastomer industry1-2. In the meantime, an interest in trans-1,4-...
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	The MgCl2-supported Ziegler-Natta catalyst is multi-component system including catalyst, co-catalyst, andelectron donors.The roles of internal and external electron donors have been discussed in various studies for MgCl2-supported TiCl4 catalysts for ...
	In this study we have explored EED system containing isopropyl Myristate (IPM) and cyclohexylmethyl dimethoxy silane (C-Donor) mixture for monoester catalyst system. The influences of EED system during slurry phase propylene polymerization performance...
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	Polyacryloylhydrazide (PAH) synthesized by a robust method was used as the reducing agent for azo, nitrile and nitro group. The reduction of N=N bond of various azo dyes was smooth under room temperature condition. Visual color change and UV-Vis spect...
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	Polyacryloyl hydrazide (PAH) based hydrogels through chemical or dual cross linking pathway were prepared and studied. PAH was synthesized from polymethyl Acrylate (PMA) through nucleophilic substitution reaction with hydrazine hydrate in presence of ...
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	Surface functionalized Nano fiber(NFs) with cores sheath nanostructures have attracted a lot of attention in variety of applications including catalysis, tissue engineering,1 photonics, microfluidics2 and enzyme applications.3 Synthesis of such struct...
	/Core-Shell electrospun Nano fibers of polyethylene (PE) / polyvinyl alcohol (PVA) is synthesized by polymerizing ethylene using titanium chloride incorporated PVA (NF) precursor in presence of methylaluminoxane as cocatalyst in hexane slurry phase. T...
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	This presentation will highlight some of our recent research work on the synthesis of various graft copolymer materials using free radical polymerization techniques. Different types/grades of graft copolymers based on natural polysaccharide viz. Xanth...
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	Three arms star initiator based dual (pH and temperature) responsive block 3A-(PDEGMEM-b-PDMAEMA) and random 3A-(PDEGMEM-stat-PDMAEMA) copolymer are synthesized by ATRP using diethylene glycol methyl ether methacrylate and N, N dimethyl amino ethyl me...
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	Synthesis of  bio based polyurethanes(PU) are  widely  used in the field of adhesive and coatings due to there high reactivity & high flexibility.As polyurethane adhesive (PU) free of volatile organic component is less toxic and avoid environmental po...
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	Recent years has witnessed the increasing demand for natural resources and products in polyurethane synthesis because of global warming, sustainable development and oil crisis. For this purpose, different plant oils such as soybean oil, castor oil an...
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	Hyperbranched polymers (HBPs) have seen extensive growth during the past two decades; this has also been accompanied by a recent upsurge in several interesting potential applications. The most important features of HBPs that make it very attractive ar...
	/Hetero-functionalized HBP is a term that could be used to describe HBPs whose periphery is decorated with two or more different types of segments; it was recently shown by us that if these segments are mutually immiscible, then self-segregation can l...
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	Membrane based gas separation has already established as a highly efficient technique for the separation and purification of gases [1]. Aromatic polyamides due to their excellent mechanical and thermal properties can be used as a membrane materials in...
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	Donor-Acceptor type low-band gap conjugated copolymers consisting of fluorene and cyclopentadithiophene as donors and various acceptor moieties were synthesized by Suzuki polycondensationand Directarylation coupling method in good yields. These polyme...
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	A precursor approach was used to readily synthesize dibromo functionalized azo containing monomers. These monomers were found to undergo Suzuki polycondensation with various co-monomers to generate a series of copolymers with azo group along the polym...
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	/The aim of the present work is to reduce the curing temperature of thermally curable cardanol based benzoxazines by introducing multifunctionalisationinto the monomer. The amine fraction required for the synthesis of monomer is derived by tertiary re...
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	/A new atom transfer radical polymerization (ATRP) initiator, namely, 2-(1, 1-bis(4-(allyloxy)phenyl)-3-oxoisoindolin-2-yl)ethyl 2-bromo-2-methylpropanoate was synthesized starting from phenolphthalein- a commercially available, and an inexpensive che...
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	Membrane based gas separation technology has got a special interest in both academia and industry [1-2]. Excellent thermal stability, chemical resistance, film forming ability, mechanical strength and versatile chemistry made poly(arylene ether)s (PAE...
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	Triptycene, the simplest member in iptycene family, was first synthesized by Bartlett and co-workers in 1942.1 In triptycene, three benzene rings are connected together by a [2.2.2]bicyclic ring in a paddle wheel configuration. Three dimensional (3D) ...
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	Development of new free radical initiator systems that are capable of producing polymers with controlled molecular weights and low polydispersity is an emerging area of research compared to the use of conventional radical initiators such as benzoyl p...
	N,N-Dimethylanilinium p-toluenesulfonate (PTSA-DMA) has been successfully used as a versatile initiator for the quasi-living free radical polymerization of several alkyl methacrylate monomers such as methyl, ethyl, n-butyl, tert-butyl, and benzyl meth...
	After gaining the knowledge about PTSA-DMA polymerization system, we extend our strategy for the synthesis of different polymeric architectures utilizing different designed initiators based on leucomalachite green, leucocrystal violet and 4- ((4-(bis ...
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	/High performance thermoplastics likepoly(arylene ether)s (PAE)s have found immense importance in microelectronic application as insulating materials owing to their low dielectric constant during these years. Three new semifluorinated co-PAEs containi...
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	The objective of this work was to develop a versatile strategy for preparing biodegradable polymers with tunable properties for biomedical applications. A family of xylitol-based cross-linked polyesters was synthesized by melt condensation. The effect...
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	Effect of HTPB microstructure on HTPB based polyurethane network (HTPB-PU) were investigated. These evaluations were carried out by mean of several characterization like  measurement of gel point, mechanical properties, hardness, cross link density me...
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	Glycidyl Azide Polymers (GAP) and Poly Nitratomethyl methyl oxetane (PolyNIMMO) are promising candidates as energetic binder in futuristic advanced propellants and explosive compositions having positive heat of formation, minimum smoke and low sensiti...
	It is well reported that polyurethane nanocomposites based on montmorillonite clay are having better mechanical properties like tensile strength, better adhesion and flexibility. So, attempts have been made to prepare energetic nano composite based on...
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	/A new triarylamine containing diamine possessing pendant pentadecyl chain, namely 4, 4’-diamino-4''pentadecyltriphrnylamine, was successfully synthesized starting from cashew nut shell liquid- a non-edible oil which is a by-product of cashew processi...
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	// Earlier we have reported a novel synthetic platform for grafting of various vinyl monomers [mainly (meth)acrylates]1. The strategy involved Atom Transfer Radical Coupling(ATRC)2 of 4-Hydroxy-2,2,6,6-tetramethylpiperidine 1-oxyl radical(4-Hydroy TEM...
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	High performance polymers such as aromatic polyesters and polyamides have received considerable attention due to their notably high impact on industry. These polymers find applications in various industries such as aero-space, automobiles, electronics...
	A series of  triazine containing diacids and diisocyanates, possessing pendant clickable groups, namely alkyne, azide or allyl were synthesized using cyanuric chloride as an inexpensive, commercially available starting material employing simple organ...
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	Polymeric materials find wide range of applications in our day-to-day life. The drawback of some of these materials is their limited flame resistance. Flame retardation of polymers can be achieved by physical incorporation of flame retardant additives...
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	/In recent times, due to the stringent regulations, a blanket ban was laid on halogenated flame retardant polymers (FRP) due to toxicology and environmental concerns. This has led to a major change to alternative FRP’s that are halogen free but simila...
	Fig 1:  Representation of halogen free, phosphorous, triazole based poly urethane fire retardant coating.
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	The incorporation of imides such as itaconimides in the polymer backbone is reported to enhance glass transition temperature and thermal stability of resulting polymers. The copolymerization of N-aryl itaconimides with methyl methacrylate (MMA) has be...
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	Polymer Membrane-based gas separation has established as an alternative separation technique over other conventional separation procedures like cryogenic distillation, adsorption due to its high energy efficiency [1,2].The advancement of the membrane ...
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	Inorganic-organic hybrid materials based on polyhedral oligomeric silsesquioxane (POSS) have interesting properties. POSS, the smallest silicone particles, consists of an inner inorganic framework of silicone and oxygen atoms and an outer shell of org...
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	The main objective of our research is to develop new bio-based polyurethanes from renewable resources as the substitution of petroleum-based raw materials. We have synthesized novel tri-functional epoxide monomer through esterification of glycerol and...
	The polyols were further reacted with different ratios of 4, 4′-methylenebis (phenyl isocyanate) to get isocyanate-terminated polyurethane prepolymers which were cured under atmospheric moisture to get the desired coating films. The final bio-based an...
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	/Enantioselective synthesis is a key process in chemistry and is particularly important in the field of pharmaceuticals, as the different  enantiomers  or  diastereomers of a molecule often have different biological activity. Poly ionic liquids (PILs)...

	Polymers and Functional Materials Division,
	CSIR-Indian Institute of Chemical Technology, Hyderabad – 500 007, India
	E mail: butti@iict.res.in
	Thermosetting resins, for instance phenolic, epoxy, unsaturated polyester and bismaleimide resins are superb in terms of water, chemical and heat resistance, mechanical strength and reliability. Even though they have convinced disadvantages like gener...

	Rubber Technology Centre, Indian Institute of Technology
	Kharagpur Kharagpur - 721302, India
	* nks@rtc.iitkgp.ernet.in
	This investigation reports the preparation of fluorinated copolymer latex by pickering miniemulsion polymerization using nanoclay (NaMMT) as sole stabilizer. In this case the copolymerization of Styrene (St), Butyl acrylate (BA) and 2,2,3,3,4,4,4-hept...

	Petroleum & Natural Gas Division, CSIR-North-East Institute of Science & Technology,
	Jorhat 785006, Assam, India
	E-mail: baruah_shashi@yahoo.co.in
	Co-polymers of ethylene and functional monomers are high value polymer materials.1,2 Controlling the co-polymerization of ethylene with polar monomers remains a very significant challenge.3 Keeping in view of the demand, for olefin based copolymers wi...

	Polymers and Functional Materials Division,
	Indian Institute of Chemical Technology, Hyderabad-500007, India
	Hyperbranched polymers (HBP) play a key role in tuning the properties of one of the most versatile material, polyurethane (PU). Hyperbranched polyurethane-urea (HBPUU) exhibit excellent functional properties through core, end group and backbone modifi...
	The synthesis of hyperbranched polyaspartic-ester polymers (HBPAP) was done with high atom economy by trimethylol propane (TMP) core following polycondensation reactions and Michael addition. The reactions were monitored based on acid values and equiv...

	Polymers and Functional Materials Division,
	CSIR-Indian Institute of Chemical Technology, Hyderabad-500007, India
	*kvsnraju@iict.res.in
	Rubber Technology Centre, Indian Institute of Technology Kharagpur,
	Kharagpur- 721302, West Bengal, India
	*nks@rtc.iitkgp.ernet.in
	/Tailor-made copolymers of furfuryl methacrylate (FMA) and butyl methacrylate (BMA) (PFMA-co-PBMA) were successfully synthesized by reversible addition-fragmentation chain-transfer (RAFT) polymerization technique using 4-cyano-4-[(dodecylsulfanylthioc...
	Fig 1: SEM photographs of self-healing experiments of copolymer/BM DA adduct.

	Polymers and Functional Materials Division, IICT, Hyderabad-500007, India.
	* drkvsnraju@gmail.com
	Catalyst free moisture cured multifunctional Poly (thiourethane-urethane)-urea (PTU-PU-urea) coatings were developed based on solvent free, one pot synthesis of sulfur rich hyperbranched polyester polyols (SRHBPs) and thiourethane containing –NCO term...

	1School of Chemistry, 2Advanced Centre of Research in High Energy Materials,
	University of Hyderabad, Hyderabad, India
	E-mail: tusharjana@uohyd.ac.in
	Burn rate catalysis is very important for solid rocket propellants and missile applications. Binder helps the friendly processing of the energetic materials and provides the required mechanical strengths to the final composition of the propellant whil...
	To overcome these problems,we have developed methods in which we substituted simple ferrocene compounds in the hydroxyl terminated Polybutadiene(HTPB) backbone and these approaches solved migration and evaporation or sublimation problems.The two appr...
	Cross linked polysiloxane possess very poor mechanical properties and are very weak materials and must be reinforced before being used in any practical applications. Polydimethylsiloxane alumina nano composites have been prepared and characterized. Po...
	Contact angle have been confirmed the hydrophobicity of PDMS. It has shown that angle increases as filler content increased and remains constant for more than 1 percent concentration. SEM and DSC study have been done.

	Department of chemistry, IIT Madras
	anjuanilroy@gmail.com
	With increasing global concern over depletion of non-renewable fossil fuel and rising price for petroleum and petroleum derived products, present and future demands materials that are eco-friendly (with minimum waste disposal), having  light weight, h...
	In this present work CNs were prepared from various sources like cotton, paper, baggase etc and in situ surface treatment with tetraethyl orthosilicate (TEOS) was also done. The properties of surface modified cellulose fibres are characterized by PXRD...

	1Department of Polymer and Surface Engineering, Mumbai
	*Department of Polymer and Surface Engineering, Mumbai
	*arjitga@gmail.com
	This study examined the dechlorination of different grades of polyvinyl chloride (PVC) under alkaline solution. Dechlorination under atmospheric pressure is carried out NaOH/EG solution at 1700C to 2000C for 3 hrs. This dechlorinated PVC is then subje...
	Keywords: Polyvinyl chloride, Dechlorination, NaOH/EG solution, Polyvinyl alcohol.

	jhv23@drexel.edu
	Fundamental studies aimed at elucidating the key contributions to corrosion performance are needed to make progress toward effective and environmentally compliant corrosion control. Epoxy/amine systems are typically employed as barrier coatings for co...

	Polymers and Special Chemicals Division,
	Vikram Sarabhai Space Centre, Thiruvananthapuram-22
	E-mail: ragram53@gmail.com
	Shape memory polymers (SMPs) are intelligent polymers (stimuli-responsive polymers) which can regain their permanent/original shape upon exposure to external stimuli. In this work, synthesis of novel SMPs from two different trifunctionalcoresviz. orga...

	1 Department of Chemistry, Faculty of Science, Banaras Hindu University,
	Varanasi- 221005, India.
	2 Department of Zoology, Faculty of Science, Banaras Hindu University,
	Varanasi- 221005, India.
	*biswajitray2003@yahoo.co.in
	/ Self-assembled block copolymer micelles, typically, with several tens of nanometers in diameter and relatively narrow size distribution have long been explored as nano-sized drug delivery system based on entrapment of drugs into core-shell architect...
	Phosphorous containing amine, tripropyldiamine phosphine oxide (TPDAP), and hybrid monomer 4-(N-phthalimidophenyl) glycidylether (PPGE) were synthesized and characterized by Fourier transform infrared (FTIR) spectroscopy, nuclear magnetic resonance (N...

	Department of Chemistry,
	Faculty of Science, Banaras Hindu University, Varanasi- 221005, India
	biswajitray2003@yahoo.co.in
	/Reversible addition-fragmentation chain transfer (RAFT) polymerization allows the synthesis of polymers with well-defined molecular weight, polydispersity and architectures. The process is compatible with many kinds of monomers and applicable both in...

	Polymers and Special Chemicals Group, Vikram Sarabhai Space Centre
	Thiruvananthapuram, Kerala, India-695022
	*skbisro@gmail.com
	A novel polyhydroxy compound was derived by reacting cycloaliphatic epoxy compound (3, 4-epoxycyclohexylmethyl-3′, 4′-epoxycyclohexane carboxylate) with bisphenol A. The polymer was characterized by Fourier Transform Infrared Spectroscopy (FTIR), Hydr...

	Department of Chemistry, Rishi Bankim Chandra College, Naihati
	contact.debolinamitra@gmail.com
	Polyethyleneimine (PEI) is a positively charged polyelectrolyte, existing both in linear and branched forms. It has wide use because of its unique property of facilitating strong attachments between biological cells and plates. Strong binding interact...

	Department of Polymer & Surface Engineering
	Institute of Chemical Technology, Matunga, Mumbai, India
	* as.sabnis@ictmumbai.edu.in
	Recent trend towards utilization of renewable feed stocks for development of functional materials that can be used as components for polymer systems has been considered as a step towards sustainable development. In the same line of work, we demonstrat...

	Department of Polymer and Surface Engineering,
	Institute of Chemical Technology, Mumbai-400019
	*as.sabnis@ictmumbai.edu.in
	Flame retardants are key components in reducing devastating effect of fires on property, people and environment. Flame retardants are compounds that inhibit or delay the burning of materials and are essential for protecting plastic products, electrica...
	Following research work reveals the synthesis of trifunctional phosphorous based flame retardant and its incorporation in polyurethane backbone to yield flame retardant dispersions (FRPUDs). The structure of flame retardant monomer was confirmed by FT...

	Polymer Science & Engineering Division,
	CSIR-National Chemical Laboratory, Pune, India
	b.garnaik@ncl.res.in
	The removal and recovery of carbon dioxide from hot gas is becoming increasingly significant in the field of energy production. Large volumes of carbon dioxide are released to the environment by the combustion of fossil fuels, such as coal or natural ...

	Email: b.garnaik@ncl.res.in
	Spherical particulate Styrene-Divinyl benzene (St-DVB) copolymer resins have become ubiquitous support materials in solid phase synthesis, and also in the heterogenizing of homogenous catalyst. Recently macroporous species find increasing utility than...

	*Department of Polymer and Surface Engineering, Institute Of Chemical Technology, Mumbai, Maharashtra, India
	Poly(ethylene terephthalate) (PET) is engineering polymers having wide range of application area. Due to its non-biodegradable nature it starts accumulating hence create threat to the environment. Recycling of the PET is carried out to solve this prob...
	In this studyaminolysis of PET is carried out and ethanolamine is used as depolymerizing agent. The monomer formed by this depolymerization is bis (2-hydroxyethyl) terephthalamide (BHETA).The product is characterized with FTIR, 1H-NMR, and DSC.
	As the coating industry is shifting towards eco-friendly, renewable and sustainable resources for resin synthesis. Here in BHETA, hydroxyl functionality is there along with amide groups in between its structure hence it is used as a monomer for polyes...

	Organic Chemistry Division, School of Advanced Sciences,
	VIT University, Vellore – 632014, Tamilnadu, India
	*skarpagam80@yahoo.com
	Thiophene and thiazole substituted vinylene polymer was synthesised by Wittig polymerization route.  Synthesized polymer was characterized by FT-IR, NMR and GC-MS spectral technique.An optical property wasalso carried out by UV and PL spectroscopy. Th...

	1 Department of Polymer & Surface Engineering, Institute of Chemical Technology
	Nathalal Parekh Marg, Matunga (E), Mumbai-400019, India
	2 Radiation Technology Development Division, Bhabha Atomic Research Centre Department of Atomic Energy, Government of India, Mumbai 400085, India
	Polyethylene terephthalate (PET) is one of the extensively used plastic materials for range of applications and thus results in generation of large quantity of waste all over the world. Disposal of this waste is of global concern as it cannot decompos...
	In the present study, we report for the first time the effect of gamma irradiation on degradation of PET and its subsequent effect on glycolysis by using excess ethylene glycol (EG). The results showed an increase in the extent of depolymerization of ...

	1Polymers and Special Chemicals Group
	2Analytical, Spectroscopy and Ceramics Group,
	Vikram Sarabhai Space Centre, Thiruvananthapuram, Kerala, India-695022
	*sunitha.baburaj@gmail.com
	The influence of β- hydroxyazide on polymerization of cyanate ester was evaluated through reaction between bis phenol A dicyanate and β- hydroxyazidopropyloxy novolac. Spectroscopic investigations showed the evidences for the formation of iminocarbona...

	Polymer Science and Engineering Division,
	National Chemical Laboratory, Dr. Homi Bhabha Road, Pune – 411 008
	Poly(L-lactic acid)s (PLLA) in the useful molecular weight range are best synthesised by ring opening polymerization (ROP) of L-Lactide. In spite of being the method of choice, both in the laboratory and in industrial processes, ROP has many limitatio...
	It would be, therefore, useful to have a monomer for PLLA capable of undergoing linear polycondensation. L-lactic acid is available only as an aqueous solution and is difficult to polymerize. Methyl-L-lactate is available in a non-aqueous form [2]; ho...
	To re-examine this question, we undertook the synthesis of a model dimer, namely, 1-methoxy-1-oxopropan-2-yl 2-hydroxy propionate, or methyl lactyllactate (MLL) by cross esterification of L-lactic acid with L-methyl lactate.
	This dimer has no free acid group and can be obtained as a high boiling liquid (b.p. 252.50C at 760 mmHg). The synthesis of MLL, its structural and compositional characterization and its polymerization behaviour will be presented.

	Polymer Science & Engineering Division,
	CSIR-National Chemical Laboratory, Dr. Homi Bhabha Road, Pune - 411 008
	Poly (L-lactide)s (PLLA) and PLLA based blends as well as their copolymers are subjects of significant current research interest. PLLA has attracted considerable attention as it is obtained from renewable resources and has useful properties. PLLA’s fi...
	In this work we first synthesized PLLA with a composition of 96% L-LA: 4% D-LA. The tensile strength of PLLA is 17.6±1.3 MPa and is very low for many applications. We reasoned that the mechanical properties of PLLA can be improved by blending with ali...
	Accordingly, we synthesized random copolymers of poly(ε-caprolactone-co-δ-valerolactone)s by ROP of ε-caprolactone (CL) with δ-valerolactone (VL) using stannous octoate as catalyst. The copolymers were characterized by FTIR, 1H and 13C nuclear magneti...

	School of Chemical Science , Solapur University, Solapur-413255 (India)
	maldar_nn@rediffmail.com
	A New series of aromatic polyamides containing 1,2,4-triazole in the main chain and pendant long aliphatic  pentadecyl unit,  was synthesized by low temperature solution polycondensation of novel aromatic diamine namely  3,5- Bis (4’-amino phenyl)-4-(...

	Department of Polymer and Surface Engineering,Institute of Chemical Technology, Matunga (E), Mumbai-400019,India
	gunawant103@gmail.com
	Monomer with thiazole moiety was synthesized and copolymerized with Butyl acrylate and methyl methacrylate by RAFT emulsion polymerization and their antimicrobial activity was investigated. The molecular weight of copolymer were fixed and monomer conc...

	a Applied Chemistry Department, Faculty of Technology & Engineering,
	The Maharaja Sayajirao University of Baroda, Vadodara-390 001, India
	This research article investigates the effect of Polymeric Flow Improvers (FI) as pour point depressants (PPD) and rheological properties improvers of waxy crude oil for Langhnaj, North Gujarat (India), since application of FI is a more economically v...

	Department of Polymer and Surface Engineering,Institute of Chemical Technology, Matunga (E), Mumbai-400019,India
	sachinchambhare16@gmail.com
	Block copolymers of butylacrylate with varying concentration of glycidyl methacrylate i.e. 3%, 5%, 10% and12% were synthesized by xanthate mediated RAFT polymerization. Further these copolymers were modified by reacting with dicyandiamide to incorpora...

	1Department of Polymer and Surface Engineering, ICT, Mumbai
	ulka.rane@gmail.com, chaitanyamundhe@gmail.com
	Phosphorous containing amine, tripropyldiamine phosphine oxide (TPDAP), and hybrid monomer 4-(N-phthalimidophenyl) glycidylether (PPGE) were synthesized and characterized by Fourier transform infrared (FTIR) spectroscopy, nuclear magnetic resonance (N...

	Department of Chemistry, Indian Institute of Technology Kharagpur,
	West Bengal 721302 India
	*Email: dibakar@chem.iitkgp.ernet.in
	Over the past few decades, photoacid generators (PAGs) have gained enormous interest due to their immense applications in microlithographic industry. PAGs are the key material used in the field of photoresists for semiconductor fabrication. On photoir...

	Department of Chemistry, Indian institute of Technology Kharagpur,
	West Bengal 721302, India
	Email: dibakar@chem.iitkgp.ernet.in
	Development of new chemosensors that are selective and sensitive to Cu2+ions, especially in aqueous media, is of tremendous importance. We report synthesis of two new block copolymers that are capable of highly selective and sensitive detection of Cu2...

	Department of Chemistry, Indian Institute of Technology Kharagpur,
	West Bengal 721302 India
	*Email: dibakar@chem.iitkgp.ernet.in
	Instead of the conventional copper-based reagents for the development of star-branched polymers, we have established a novel and environmentally benign method, whereby a 1,3-dipolar cycloaddition reaction has been applied using a non-toxic reagent, Io...

	Polymers and Special Chemicals Division
	Vikram Sarabhai Space Centre, Thiruvananthapuram - 695 022
	*ranajitp@gmail.com
	The thiol-ene reaction is a clean and effective method for the introduction of the thioether functionality into unsaturated compounds. It appears to be perfectly suited to create multifunctional polymer structures and proceeds via radical/anionic path...
	In this work, we report synthesis of chain polymer from bisallyl and bis vinyl silane systems of bisphenol-A via thiol-ene reaction with a dithiol compound (Scheme 1). To carry out this work, diene parts were synthesized and characterized (FTIR, 1H NM...

	Polymer Science Unit, Indian Association for the Cultivation of Science,
	Jadavpur, Kolkata 700032, India.
	* E-mail: psutkm@iacs.res.in
	In recent decades, Peptide/protein-polymer conjugate are an important class of biomaterials with a wide range of applications in biotechnology, tissue engineering and therapeutics.1,2 These biomaterials are typically prepared by “grafting from” or “gr...

	1Department of Chemical Engineering, UPES, Dehradun
	*durgeshtrp@gmail.com
	/It is economically more advantageous to complete the polymerization of PET by a "solid stating" process than to continue the melt polymerization for a substantial extra number of hours in order to bring the intrinsic viscosity of the final product fr...

	Applied Chemistry Department, Faculty of Technology & Engineering, PO Box 51, Kalabhavan, The M. S. University of Baroda, Vadodara-390001,
	chivukula_mn@yahoo.com
	The atom transfer radical polymerization technique has been growing with new range of choices of different initiating systems to the controlled molecular structures and functional polymers. The emulsion atom transfer radical polymerization (ATRP) was ...

	Department of Chemistry, University of Kalyani, Kalyani, Nadia, 741235, W.B., India
	Email:  manir65@rediffmail.com
	We have developed an efficient procedure for the one pot synthesis of 1,4-disubstituted 1,2,3-triazole derivatives by the ‘click’ reaction of azides generated in situ from anilines or amines and terminal acetylenes catalyzed by polymer anchored Cu(II)...

	Institute for Technical and Macromolecular Chemistry, University of Hamburg,
	Bundesstrasse 45, D-20146 Hamburg, Germany
	*E-mail: theato@chemie.uni-hamburg.de
	Designing a polymer usually involves the incorporation of multiple functional units into a polymer chain. By combining various functional units, a myriad of polymer properties can be fine-tuned. For example, various stimuli-responsive polymers can eas...
	/Post-polymerization modifications are as old as the discipline of polymer science itself. As a matter of fact, the first polymer products were prepared by modifying natural polymers. Ever since, efficient chemistries – nowadays called “click chemistr...

	Department of Polymer Science and Engineering, University  of Massachusetts, Amherst, Massachusetts 01003, USA
	We report a three dimensional Langevin dynamics simulation of a uniformly charged flexible polyelectrolyte, translocating through a asymmetric narrow channel with periodically varying cross-sections under the influence of a periodic external electric ...
	Compounds that change their optical, magnetic, and electrical properties as a function of external stimuli, is an exciting area of study in materials science. Hyperbranched polymers with azo moiety are well known photo-responsive material (smart mater...
	In the present work, we have designed a polyurethane coating from cotton seed oil based hyperbranched polyol which consists of azo moiety as well as 1,2,3-Triazole ring. Further, the polyol was treated with 4,4’-methylenedicyclohexyl diisocyanate (H12...

	Polymer R & D, Reliance Industries Limited, Navi Mumbai
	Sandip.M.Ghosh@ril.com
	Polysulfones are high performance engineering thermoplastic withexcellent chemical and thermal stability, excellent strengthand flexibility, transparency, as well as a high glass transitiontemperature and good film forming properties. Owing to thesepr...
	Chloro substitution of polysulfone is an important intermediate to functionalize various groups via grafting, crosslinking in the polysulfone backbone which expands the possibility of various applications.
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	1Department of Polymer Engineering, University of Akron, Akron, OH 44325, U.S.A.
	*janas@uakron.edu
	We currently look at the design of a number of functional bulk materials, e.g., aerogels and multicomponent nanofibers in our laboratory where the investigation focuses on how the nanoscale crystalline polymer strands1, crosslinked thermoset gel netwo...

	Materials Science and Technology Division, CSIR-National Institute for Interdisciplinary Science and Technology, Trivandrum, Kerala, India – 695 019
	bhojegowd@niist.res.in
	/Polymer-inorganic nanocomposites have evolved and attracted great interests from both in industry and in academia during the last two decades. In particular, exfoliation of layered materials in polymer matrices has been shown to spectacularly improve...

	Polymer Division, CSIR-CLRI, Adyar, Chennai-20, India
	debasis.samanta@gmail.com
	Polymer functionalized surfaces are of wide interest for sensors, solar cells and molecular electronic device fabrication. Utilization of self-assembled monolayer (SAM)1 formation technique is very useful to functionalize surfaces in a controlled mann...
	In the presentation we report our recent result on “graft through” click polymerization2 and Sonogashira polymerization3 reaction that was performed by using functionalized SAM. We will discuss about the thickness, grafting density of the polymers on ...

	PSG Institute of Advanced Studies, Coimbatore, Tamil Nadu
	*ramaranjanb89@gmail.com
	With the advent of controlled preparation of inorganic semiconductor Nano-Crystals (NCs) with tunable electronic and spectroscopic properties [1-4], they are readily used, in composition with polymers, for light-emission, energy generation, sensing an...
	We synthesized water dispersible carbon-based quantum dots (CQDs) in gram-scale using a single step pyrolysis process. Most importantly we have shown that we can control the conductivity of the CQDs by optimizing the size and crystalline property of t...

	Department of Materials Science,
	Indian Association for the Cultivation of Science, Kolkata 700 032, India,
	E-mail: msap@iacs.res.in
	Considering the emerging field of organic molecules encapsulated polymer nanoparticles, we have highlighted few important fundamental photophysical aspects in details. Here, we will discuss the photo-physical behaviors of polymer nanoparticles encapsu...

	1Nova Surface-Care Centre Pvt. Ltd., Unit Nos. D107 to D112, Kailash Industrial Complex, Vikhroli-Hiranandani link road, Vikhroli (W), Mumbai 400 079, India.
	2Indian Association for the Cultivation of Science,
	2A & 2B Raja S. C. Mullick road, Jadavpur, Kolkata 700 032, India
	3University School of Basic and Applied Sciences,
	Guru Gobind Singh Indraprastha University, Delhi 110 078, India
	*Email: swapan.ghosh@nsccindia.com
	/In this presentation we shall be reporting a very simple design philosophy of a coating which response to temperature-rise to change its nature from hydrophilic to superhydrophobic. The developed material can be applied to variety of surfaces simply ...

	Instability and Soft Patterning Laboratory, Department of Chemical Engineering
	IIT Kharagpur, Pin 721302, West Bengal, India
	e-mail: rabibrata@che.iitkgp.ernet.in
	Topographically patterned films and surfaces with sub micron and meso scale lateral resolution find wide application in host of important and interesting areas such as micro electronics electronics, thin film transistors (TFT), biological sensors, str...

	Division of Polymer Science and Engineering,
	CSIR-National Chemical Laboratory, Pune - 411008, India
	Email: b.garnaik@ncl.res.in
	Chitosan nanoparticles are good drug carriers because of their biocompatibility, biodegradability, and can be readily modified. Nanoparticles have been widely investigated to enable drug delivery due to their low toxicity, sustained drug release, mole...

	Polymer Science and Engineering Division, CSIR-National Chemical Laboratory (NCL)
	Dr. Homi Bhabha Road, Pune – 411 008, India
	e-mail:mv.badiger@ncl.res.in
	Nanoparticles (NPs) have been extensively used in a wide range of applications, such as, catalysis, biomedicine, sensors and opto-elctronics due to their unique electronic properties and high surface to volume ratios. However, issues like aggregation,...
	In the present work, a simple and convenient method for generating and immobilizing Gold NPs (Au-NPs) into polyethylene glycol-polyurethane (PEG-PU) hydrogel matrices is reported. The Au-NPs immobilized PEG-PU hydrogel matrices are easy to handle and ...
	We also worked on the synthesis and characterization of Silver NPs (Ag-NPs) using a thermo-associating polymer namely, carboxymethyl guar grafted poly(ethylene oxide-co-propylene oxide) [CMG-g-PEPO]. The polymer acts as both reducing agent as well as ...

	Department of Physics, IISc, Bangalore
	*basu@physics.iisc.ernet.in
	Dispersion of nanoparticles in polymers to create new polymeric materials is a key challenge in polymer science. In this regard polymeric nanoparticles, with minimal enthalpic interactions, especially with a homologous matrix polymer was deemed to be ...

	DST/CSIR National Centre for NanostructuredMaterials, Council for Scientific and IndustrialResearch, Pretoria 0001, South Africa
	*rsuprakas@csir.co.za
	Polylactide (PLA) and poly[(butylene succinate)-co-adipate] (PBSA) were reacted by being blended in a batch mixer in the presence of a chain extender, triphenylphosphite (TPP), and two different types of organically modified clays – a montmorillonite ...

	1Defence Research & Development Organization, Metcalfe House
	DRDO Complex, New Delhi-110054
	2Nano Science & Technology Lab., School of Physics, Devi Ahilya University, Indore - 452 017
	gsmukherjee.drdo@gmail.com
	Cobalt (Co) exhibits ferromagnetic behaviour even at ultra thin level. But its nanostructures are prone to oxidation. Thus, we felt interesting to work towards protecting the Co nanostructures. Our approach to overcome the problem of oxidation of Co ...
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	Plasma Nanotech Lab, Chemical and Bio-chemical Processing Division
	Central Institute for Research on Cotton Technology (CIRCOT),
	Adenwala Road, Matunga, Mumbai - 400019, India
	* karticksamanta@gmail.com
	Plasma polymerization of hydrocarbon, fluorocarbon, and other molecules is important for nano-scale surface engineering of polymeric substrates for its improvement in dyeing, printing, adhesion strength, hydrophilic, hydrophobic, flame retardant, and ...

	Rubber Technology Centre, Indian Institute of Technology, Kharagpur 721302
	/Small-angle scattering (SAS), either X-ray or neutron (SAXS or SANS) unveils invaluable information about the nanoscale size and structural profile in the bulk of systems. As such SAS has been applied to topics ranging from soft materials, such as po...
	In this talk, we will discuss basic principle of SAS including source and facilities available around the world. In addition, wealso review the recentworkson soft materials using both X-ray and neutron scattering. 1. We will see how SAXS techniques ar...
	/Brome mosaic virus(BMV) is a small icosahedral of the alpha virus-like superfamily of RNA with a segmented positive-strand RNA genome and a mean diameter ~ 268Å that offers high levels of RNA synthesis and virus production in plants. SANS and SAXS we...

	Material Nanochemsitry Laboratory, Physical Sciences Division, Institute of Advanced Study in Science and Technology, Guwahati, Assam, India
	*devasish@iasst.gov.in
	Natural polymers, or polymers derived from living creatures, are of great interest in the field of biomaterials. As these polymers are biodegradable, non-toxic, easy and cheap to manufacture they are used in various applications as in food, textiles, ...

	Polymer Research Centre, Department of Chemical Sciences,
	Indian Institute of Science Education and Research Kolkata.
	E-mail: sraja@iiserkol.ac.in
	/Grpahene has attracted considerable attention over recent years due to its excellent mechanical thermal and electrical properties. In this study, graphene functionalized polynorbornene has been developed with three different weight fraction of graphe...

	Department of Chemistry, Rajiv Gandhi University, Rono Hills,
	Doimukh – 791 112 (Arunachal Pradesh), India
	E-mail: mhr.rgu@gmail.com
	Research on transition metal oxide nanostructures have become increasingly interesting to scientists because of their unique size– and shape–dependent physicochemical and optoelectronic properties which makes them suitable for application in various f...

	1Department of Physics, Indian Institute of Technology Roorkee, Roorkee, Uttarakhand, India
	2 Department of Materials Science,
	Indian Association for the Cultivation of Science, Kolkata,India
	3 Polymer Science Unit, Indian Association for theCultivation of Science, Kolkata ,India
	Soumitra.satapathi@tufts.edu,
	Electron donor-acceptor based hybrid novel structure remains a frontier area of research to design optoelectronic, photovoltaic, and light harvesting devices. Here, we reportthe synthesis of interdyad and intradyad nanoparticles by using the electron ...

	Dept.  of Chemistry, University of Kalyani, Kalyani, Nadia, 741235, W. B., India
	E-mail: manir65@rediffmail.com
	/Modern chemistry has been inseparably linked with green chemistry. It has been still gaining importance in all aspects of chemistry. Sustainable development in all stages from the development to the final production cycle has become a practical need ...
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	Department of Chemistry, Anna University, Chennai-600025
	E-mail: bal_jichem@yahoo.co.in
	Poly (amide-imide)s (PAIs) are well known as a class of polymers with good compromise between thermal stability and processability. We can readily tune the properties of the materials for realizing the desired ones by changing the contents or type of ...

	Department of Chemistry, Anna University, Chennai – 600025
	msrde2000@yahoo.com
	Three octafunctional benzoxazines were synthesized from amine functionalized POSS, formaldehyde, and three phenols, namely eugenol, guaiacol and vanillin.  The structure of the monomer has been confirmed by Fourier transform infrared spectroscopy (FT-...

	Department of Chemistry, Anna University, Chennai – 600025
	msrde2000@yahoo.com
	Superhydrophobic polybenzoxazine nano-SiO2 hybrids [Pbz/SiO2] were prepared from thermal curing method. The chemical structures of the benzoxazine monomers were confirmed by FTIR, 1H and 13C-NMR spectral analysis. Microscopic analysis (SEM) performed ...

	aPolymer Science and Engineering Division, CSIR-National Chemical Laboratory,
	Dr. Homi Bhabha Road, Pune 411008, India
	bAcademy of Scientific and Innovative Research (AcSIR) 2, Rafi Marg,
	Anusandhan Bhavan, New Delhi – 110001, India
	cBharati Vidyapeeth University, Advanced Research Centre in Pharmaceutical Sciences and Applied Chemistry, Erandawane, Pune - 411038, India
	E-mail: os.kushwaha@ncl.res.in
	We report a durable and UV resistant nanocomposite membrane of chitosan with effective Photostabilization ascribed to ZnO nanoparticles. Zinc oxide nanoparticles were successfully dispersed in the solution of chitosan polymer. The nanocomposite films ...

	Department of Chemical Sciences, Indian Institute of Science Education and Research Kolkata, Mohanpur - 741246, Nadia, West Bengal, India
	*p_de@iiserkol.ac.in
	/Recently, considerable attention has been remunerated to the design and effortless synthesis of amphiphilic block copolymer having distinct chain architectures due to their large involvement of macromolecular properties, self-assembling behavior and ...
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	/Recent advancement in exploiting peptide based biomolecules for material science application have paved the route to tailor-made polymer-peptide bioconjugates.1 Appropriate combination of peptide moieties with synthetic polymers reinforce an attracti...
	/Magnetic resonance imaging (MRI) offers the potential of true three-dimensional imaging of biological structures and processes at cellular resolution. Random copolymer and triblock copolymer with norbornene backbone having cobalt complex, doxorubicin...
	/Polyhedral oligomeric silsesquioxanes (POSS) are known to be a useful nanoscale building block to prepare different varieties of superior polymer-based hybrid materials.1 Recently, several reports deal with the hydrophilic functionalization of hydrop...
	Deoxyribonucleic acid (DNA), a long polymer chain of nucleotide units, having unique double-helical structure with the stack of π electrons in the base pairs, conquers a significant position in nano-technology utilizing the “molecular conduit” formati...
	Individual CeO2, ZnO and bimetal oxide core shell CeO2/ZnO nanoparticles are synthesized without any stabilizers using in-situ precipitation technique. In this process cerium nitrate hexahydrate and zinc acetate dehydrate as precursor for the formatio...
	Polymer crystallization is a topic which has been extensively studied in the past. The kinetic and thermodynamic aspect of polymer crystallization, in bulk, is more or less known very well. However, the situation becomes complex when the polymer is al...
	The composite nanofibers of polysulfone has been prepared by electrospinning technique where by changing the concentration of solid content, voltage and flow rate the different diameters, lengths and orientations have been achieved. The different weig...
	Graphene, the one atom thick planar structure of sp2 bonded carbon, has emerged as a novel material in the field of material science owing to its excellent electrical & thermal conductivities, high crystal & electronic quality, strong mechanical stren...
	Fullerene and graphene, the two important members of carbon family, have generated tremendous research interest to the entire scientific community owing to their excellent exotic properties & potential large scale applications. Also, the concepts of m...
	In the last few years gold nanoparticles (AuNPs) have receivedpopularity inresearchfor their interesting optical properties owing to surface plasmon resonance (SPR), resulting in wide applications ranging from optoelectronics to biology [1].Upon assoc...
	In the current contribution we report our recent efforts to develop thermoresponsive polymer coated AuNPs that are stimulated by temperature and salt. In the first part of the presentation we will demonstrate the preparation of poly(N-isopropyl acryla...
	We introduce chitosan based carbon dots rooted agarose hydrogel film as a robust hybrid solid sensing platform for on-site detection of heavy metal ions. The fabrication of the solid sensing platform is centered on simple electrostatic interaction bet...
	This work estimates the adsorbed layer thickness and density of polyethylene oxide (PEO) as a function of concentration and molecular weight on to graphene oxide (GO) surface. Small angle neutron scattering experiments were employed to investigate thi...
	The effect of nonionic surfactants (Tween 40 and Tween 60) hydrocarbon chain length on the physicochemical properties of nanostructured lipid carriers (NLCs) were investigated in the absence and presence of two local anesthetics, lidocaine (LIDO) and ...
	Poly(N,N’-dimethylaminoethyl methacraylate) (PDMAEMA) is   synthesized by atom transfer radical polymerization, followed by attachment to reduced graphene oxide (rGO) via diazonium coupling. The rGO-PDMAEMA (RGP) is characterized by 1H NMR, UV-Vis, F...
	/A series of biodegradable lactone based triblock copolymers, was synthesized by varying feed composition, monomer/ initiator (1, 6-hexanediol) ratio and monomer/ catalyst (tin 2-ethyl hexanoate) ratio in a sequential ring opening polymerization for d...
	Polymer composite- poly(vinyl chloride) (PVC)/layered double hydroxide(LDH)- was prepared. PVC was functionalized with thiosulphate using phase transfer catalyst. LDH was synthesized by co-precipitation method. Thiosulphate-PVC/LDH was physically mixe...
	Magnetic nanoparticlespossesswide range of application in various areas,such aselectromagnetic shielding, magnetic filters,information storage and biomedicines. Herein, we aimed to synthesize highly crystalline,nano-sizedmagnetite (Fe3O4) particles u...
	In the last few years porous organic polymers have emerged as an important class of materials. Synthetic flexibility, possibility to incorporate desired functionalities into the porous framework as well as light weight are the advantages with micropor...
	Folding of synthetic macromolecules has been a topic of immense interest in the recent past owing to their relevance with biopolymers in structural elegance. Recent reports describe effects of structural nuances on foldamers including mainly short oli...
	To test such possibilities we have synthesized a PU by condensing hexamethylene-di-isocyanate and a di-ol containing a pendant naphthalene-diimide (NDI) in presence of a chiral alcohol as a “mono-functional impurity” to achieve the desired PU with pre...
	/Here we report simple and one-pot method for the synthesis of core-shell glyconanoparticles using reversible addition fragmentation chain transfer (RAFT) agent in surfactant free emulsion polymerization (SFEP) where, 2-allyl-6-(hydroxymethyl)tetrahyd...
	The paper describes the effect of different natural nanotubes, which differ in morphology and chemical composition on the thermo-mechanical properties of polypropylene (PP).Nanotubes used in the study are Halloysite nanotubes(HNT) [Al2Si2O5(OH)4.H2O],...
	//The poly(ionic liquids) (PILs) which are ionic polymers finding increasing applications due to their unique yet tunable physio-chemical properties.1-3 Recently we have demonstrated that PILs can be used as smart stabilizers for different nanoparticl...
	Polypropylene random copolymer (PPC)/multiwalled carbon nanotube (MWCNT)/iron oxide/barium titanate composites have been fabricated in the varying amount of fillers (iron oxide & barium titanate) to evaluate the potential of PPC as EMI shielding mater...
	In this work we have synthesized graphene from commercially available Graphite nanopowder using surfactant exfoliation technique and incorporated different functional groups on it using different chemical reactions. Then we have made different sized l...
	/ /Superhydrophobic (SH) surfaces have wide range of applications in industrial and academic sectorsfrom anti-wetting, anti-corrosion, anti-icing, self-cleaning to anti-bacterialin nature.Superhydrophobic coatings can be generated from polymer/oligome...
	Glycopolypeptides with a well-defined secondary structure are of significance in understanding biological phenomena. Synthetic glycopolypeptides, or polypeptides featuring pendant carbohydrate moieties, have been of particular interest in the field of...
	/Now a day’s much attention has been focused on the immobilization of nanoparticles onto suitable substrate in order to prevent their agglomeration or, to enhance their efficiencies through a proper interaction with the substrate. Herein, we report th...
	In the present work, we report on the development and application of a novel nanocomposite derived from hydrolyzed polyacrylamide grafted xanthan gum and silica (Hyd. XG/SiO2) as an adsorbent to remove both methylene blue (MB) and methyl violet (MV) d...
	/The workreports a method for creating an ordered alternating array of droplets of two different polymers on a topographically patterned substrate, by sequential spin dewetting. Polymer solution as low as 0.1% (w/v) or even less,when spin coated over ...
	Due to eco-friendly nature, multifunctional green materials from renewable resource based polymers emerged of this century. With this motivation, the present study is aimed to synthesize multi-functional green nanocomposites from an abundantly availab...
	The lignin nanoparticles (LNP) are spherical in shape and with sizes of 15 to 20 nm. Properties of carrageenan film such as mechanical and water vapor barrier properties were improved significantly (p<0.05) by blending with the LNP. The tensile modulu...
	/The presence of a dynamic bond in a polymeric assembly, by virtue of its reversible nature, enables the system to reconfigure its molecular architecture and provides a mechanism for controlled release of small molecules such as dyes, drugs, and fragr...
	Plasma technology has gained importance in recent years as it is a dry process and alters only the top surface of the material whereas bulk is not affected. In this study, hydrophobic functionalisation of cellulosic fabric was carried out using He/1,1...
	/Small and uniform Ag nanoparticles were prepared by in situ reduction of Ag ions in cross-linked poly (N-isopropylacrylamide)-co-6-acrylamide-6-deoxy-α-D-galactopyranose hydrogel (PNiAM). In this hydrogel, N-isopropylacrylamide (NIPAm) monomer is use...
	Ciprofloxacin (CP) is commonly used broad-spectrum fluoroquinoline antibiotic with low side effects and has also shown to have antiproliferative and apoptotic activities in several cell lines. Polylactide (PLA) polymers have attracted tremendous atten...
	A series of layered double hydroxides (LDHs) have been synthesized using various anions through co-precipitation techniques. A model drug raloxifene has been intercalated into layered double hydroxides using ion-exchange method. The mechanisms involve...
	The drug intercalation was confirmed through X-ray diffraction (XRD), FT-IR spectroscopy and thermo gravimetric analysis (TGA). The in vitro release behavior of the drug from LDH was studied at pH 7.4 phosphate buffer solutions (PBS) at 37 0C. The res...
	Highly fluorescent and water dispersible carbon quantum dots (CQDs) were prepared by controlled pyrolysis of citric acid in presence of poly (sodium 4-styrene sulfonate, PSS). Fourier transform infrared spectroscopy and thermogravimetry were used to s...
	In our earlier studies, we have successfully synthesized cubic iron oxide nanoparticles of 12 nm by combustion method using PVA as a fuel [ Prajkta R. Patil etal (1)]. From our studies, on synthesis of other nanoparticles using same method and differe...
	The PS-co-PVA samples were made by dispersing the homo polymers in water and by using ultrasound as a radical initiator source. No chemical was added for initiating the reaction. Radicals formed by cavitation process in ultrasound irradiation were suf...
	/Using above synthesized polymer PS-co-PVA Iron oxide nanoparticles were successfully synthesized by combustions method in air. The XRD spectra confirm the formation with high order of crystallinity(40nm particle size). SEM micrograph shows the format...
	In recent time lots of work is going on to develop simple, versatile and economically viable methods for the preparation of AuNPs in a size- and shape- controlled manner, due to their huge application in fundamental science and technology. In this dir...
	In this work, we have systematically investigated the influence of gold salt concentration on gold nanoparticle formation, size distribution and morphology, in the presence of Pluronic stabilizers, at high pH. It is already found that high pH conditio...
	/It was observed that at high pH condition, concentration of gold salt, in mixed solution, can be increased up to 9mM and yield of AuNPs is raised proportionally, which is interesting as it is not possible at normal pH. Correspondingly, the reaction r...
	Chitosan is a natural biopolymer which is obtained by the deacetylation of chitin. Chitosan nanoparticles find wide applications in the food industries due to its small size which imparts characteristic functional and biological properties to it. In t...
	Carbon nanotubes (CNTs) and graphene which are representatives of one and two dimensional nanostructures have attracted considerable attention due to their ultrahigh mechanical properties and electrical conductivity.These nanomaterials have been incor...
	A simple green route for the synthesis of silver nanoparticles in aqueous solution of polysaccharide, extracted from the mushroom, Pleurotus ostreatus cultivar, acting as both reducing and stabilizing agent, has been demonstrated in this work. The exc...
	/The use of natural ingredients in noble metal reduction and nanoparticles synthesis has become more promising in comparison to chemical synthetic pathways. A typical plant extract containing such reducing properties combined with pronounced fluoresce...
	/Porphyrin doped conjugated polymer nanoparticles have attracted considerable attention because of their multifunctional activities in medical imaging, biosensing, drug delivery, photonics, and biophotonics owing to their tunable optical properties, f...
	Fluorescent Carbon nanodots constitute a fascinating class of recently discovered nanocarbons for their use in energy conversion/storage, bioimaging, drug delivery, sensors, diagnostics, and composites.[1] Herein, polyethylenimine branched (BPEI) func...
	With the growing demand for comfortable, clean and hygienic textile goods, an urgent need for production of antimicrobial textiles has arisen. In this work, synthesis of nano titanium oxide has been done by sol gel method and the effect of dispersing ...
	Targeted and efficient delivery of therapeutics to tumor cells is one of the key issues in cancer therapy. In the present work, we report temperature and pH dual responsive core–shell nanoparticles comprising shell coated with smart polymer on magneti...
	With miniaturization of microelectronics and associated increase in power densities, thermal management has become a critical issue to achieve sustained device performance and their lifetime [1]. Polymer filled with appropriate fillers having improved...
	First time biocompatible reactive polymer, poly(glycidyl methacrylate) [poly(GMA)], grafted from magnetic nanoparticles by AGET/ATRP method, has been utilized to immobilize Candida Antarctica B enzyme. Epoxy functionality of poly(GMA) grafted on magne...
	Hyperhydrophilic polymer was synthesized and imprisoned with gold by simple aqueous reduction method for drug loading application perspectives in acidic buffer. Although surface area, particle size, reactivity, scanning electron microscopy and energy ...
	Facile synthesis of graphene oxide (GO) is of high importance for the preparation of graphene sheets. Graphene oxide is prepared from graphite by several methods. In the present work, we introduce a milder method of GO synthesis from tattered graphite...
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	A cross-linked rubber is an elastic material where the macromolecular chains are linked together by covalent or non-covalent interactions. Formation of crosslinking network allows to stretch up the material by several hundred percent and it can come b...
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	The presentation introduces into the rigorous (non-Gibbsian) molecular-statistical scenario for developing a theory of polymer networks with fixed topological constraints like permanent crosslinks and trapped entanglements (S. F. Edwards et al.). The ...
	Several examples show applications with respect to large scale and FE directed modelling of rubber parts like motor mounts, sealings, etc. (Kaliske et al; Freund, Ihlemann, Lorenz, Juhre, Klüppel). Very recent applications are related to quantitative ...
	The presented approach to solely physically based rubber material laws and their subsequent treatment and application can be considered as the only multi-scale approach that comprises consequently the route from statistical polymer mechanics via conti...
	An outlook discusses the present efforts to incorporate into the prevailing concept the time dependent viscoelasticity of rubber materials.
	Photo-oxidative degradation (weathering study) of rubber nanocomposites was studied under accelerated UV (≥ 290 nm) irradiation at different time intervals with changes in mechanical, thermal and physical properties before and after UV exposure. Prolo...
	Swelling of polymer gels is an important kinetic phenomenon, more so in the case of charged gels (polyelectrolyte gels) as the volume of the gel may change by several orders of magnitude. Although the equilibrium properties of a polyelectrolyte gel be...
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	Silicones are a class of inorganic polymers that contains –Si-O-Si- bond into their backbone. Depending upon the molecular weight of the polymer, these materials can be readily available in three different forms including liquid, gum and solid. These ...
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	A resinous mass was isolated from the latex of Euphorbia caducifolia Haines and was characterized. The tree is abundant in the district of Rajasthan in India. The total solid content of the latex was found to be 27% out of which nearly 70% was soluble...
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	Thermoplastic elastomers (TPEs) are one of the fastest growing polymeric materials which combine the elastic and mechanical properties of cross-linked rubbers with the melt processability of thermoplastics at elevated temperatures. TPEs find lot of ap...
	Thermoplastic vulcanizates (TPVs) based on polypropylene (PP) with ethylene octene copolymer (EOC) and ethylene propylene diene rubber (EPDM) have been developed by co-agent assisted dicumyl peroxide cross-linking system. The study was pursued to expl...
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	Elastomers are unique class of engineering materials exhibiting high reversible deformation under mechanical stress with distinctly low elastic modulus. Such property arises due to the extremely low inter-chain interactions and the presence of certain...
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	Polyurethanes are versatile polymers with wide range of applications such as coatings, thermal insulation, foams etc. Thermodynamically driven block segmentation during synthesis is a key factor in deciding the thermo-mechanical properties of all clas...
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	‘Aerostat’ is an advanced inflatable coated textile structure having an aerodynamic shape which can be raised to desirable altitude for prolonged duration. Unlike fixed-wing aircraft or helicopters, aerostats are based on ‘lighter-than-air (LTA)’ tech...
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	/In this study, we describe the application of thiol-alkyne chemistry for the development of one of the unique 3 D gel networks. Poly(ethylene glycol) functionalized with tetra-acetylene (PTETACT) and pentaerythritol (3-mercaptopropionic acid) (PETM) ...
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	The formation of finely dispersed micron-sized cross-linked rubber agglomerates in the thermoplastic matrix during dynamic vulcanization is now a well accepted theory to explicate the final properties of thermoplastic vulcanizates (TPVs). Based on our...
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	Rubber / Clay nanocomposites (RCNs) constitutean area of active research due to theirpotential industrial applications. Organo-modified nanofillers enhance the mechanical properties of the nanocompositesexceptionally(1, 2). The main challenge in prepa...
	Phosphorylated Cashew Nut Shell Liquid prepolymer (PCNSL) – a derivative of CNSL (alow cost renewable natural resource) has been reported as a multifunctional additive for rubbers. PCNSL is amphiphyllic in nature with a hydrophilic phosphate group and...
	Rubbervulcanizates containing very low dosages of PCNSL modified kaolin showed improved physico-mechanical properties compared to unmodified kaolin and commercially available precipitated silica used in the rubber industry.It shows promising future in...
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	/Chemical modifications of hydroxyl-terminated polybutadiene (HTPB) with hydrogen bond forming functionalities were used as tactics to improve both tensile strength and elongation of polyurethanes (PUs) simultaneously. PUs were prepared using various ...
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	Cardanol, an agricultural by-product of the cashew industry, is a cheap and abundantly available renewable resource. The multifunctional activity of cardanol in the rubber and polymer industries has been well-established in recent years. Cardanol, a n...
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	/Reinforcement effect of sol-gel derived nano silica on the properties of rubber blends composed of natural (NR) synthetic rubber has been investigated. Much better silica dispersion in the rubber blends is achieved following this technique in compari...
	Enhancement in compatibility of NR/CR blends by the addition of in-situ silica
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	A series of polyurethane elastomers, based on hydroxyl terminated polybutadiene (HTPB), toluene diisocyanate, 1, 4 - butanediol, and trimethylolpropane, with different stoichiometry were synthesized following one -step polymerization method in bulk. T...
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	There have been many attempts to prepare process-able polyimides without sacrificing desired properties. To accomplish this goal, flexible bridging units as well as bulky groups are incorporated into the rigid polyimide backbone, or the attachment of ...
	At the same time there is a continuing need for elastomers capable of withstanding elevated temperatures. In defense industry, specific needs are associated with aircraft fuel tank sealants and O-rings and gaskets in missile structures and engines. Si...
	In 2007 D. H. Wang published the research work related to the effect of introducing multiple alkyl side chains on the thermal, mechanical and optical properties of aromatic polyetherimides [4]. The PEIs containing multiple alkyl side chains show much...
	In my work I am trying to impart elastomeric properties in polyimides without sacrificing their excellent thermal and mechanical properties. Hence, it is proposed to prepare diamine monomers containing ether linkages in the backbone and pendant with l...
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	Rubber is the key component of the sleeves used for sealing in the gate valves. Sleeves are subjected to compressive stress due to the impact of the slurry on the gate . As a result, rubber experiences wear and fatigue. It is required to properly unde...
	The rubber materials used for testing are of premium grade natural rubber (Polyisoprene). Two specimens used have hardness (Shore A) in the ranges 47-53 and 65-70.
	Data obtained was processed to plot the variation of engineering stress experienced by rubber with the following: No. of cycles (for a fixed value of the displacement), strain rate. This test was done on both the specimens to compare the behavior exhi...
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	The elastomeric materials are generally used as sealant over any other materials owing to their salient features like:light in weight, elastic recovery after stress, flexibility, extrusion resistance etc. There are many synthetic elastomers available ...
	In present study ,three different types of bismaleimides e.g. Bismaleimidodiphenylmethane (BMPM), 2, 2 - Bis4 -[(4maleimidophenoxy) phenyl]propane (BMIP) and Bis4-maleimidophenylether (BMIE) were used to study the effect of types of bismaleimide on ...
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	In this work, the authors have investigated the impact performance of natural rubber (NR) coatedhigh strength, high modulus fabrics. The effect of different coating techniques were studied. Kevlar 149 and UHMWPE fabric were coated with different conce...
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	Nylon 6 (PA6) is a widely used engineering thermoplastic due to its excellent dimensional stability, light weight, chemical resistance, low cold brittleness temperature and excellent electrical properties. However, it has relatively low impact strengt...
	Metallocene-catalyzed poly(ethylene-co-octene) and poly(ethylene-co-butene) elastomers (designated as POE and PBE respectively) typically exhibit faster mixing and better dispersion  compared to the conventional polyolefin elastomer EPDM when blended ...
	Since, POE16 and PBE16 are completely non-polar in nature, they have been chemically modified via grafting of acrylic acid (AA) and sulfonation  to impart polarity onto these elastomers. The effects of these polar AA modified or sulfonated POE16 / PBE...
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