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Arabia 
E-mail: Nikolaos.Hadjichristidis@kaust.edu.sa  

Abstract 

    In contrast to the well-known C2 polymerization 
of vinyl monomers (the chain is growing by two 
carbons at a time) and C4 polymerization of dienes 
(the chain is growing by four carbons at a time), the 
borane initiated polymerization of sulfoxonium and 
arsonium ylide monomers are leading to C1 (the 
chain is growing by one carbon at a time)1 and C3 
(the chain is growing by three carbons at a time)2 

chains, respectively. By using appropriate ylides 
and trialkylboranes we were able to direct the 
polymerization either to C1 (dimethylsulfoxonium 
methylide) or C3 (methylallyltriphenylarsonium 
ylide) mode. These findings open new horizons 
towards the synthesis of polyethylene (PE)- and 
polymethylallyl-based unprecedented polymeric 

materials3-14. A few of them are given in 
Scheme 1.  
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E-mail: chiwu@cuhk.edu.hk 
 

Abstract 
Grafting a layer of chains on a surface to form a polymer brush has been considered 
as an effective approach to make it anti-biofouling (less protein adsorption). The anti-
biofouling property has been qualitatively attributed to the hydration of such a 
polymer brush with a layer of immobile water molecules and the steric effect; namely, 
the adsorption decreases monotonically as the polymer grafting density ( ) 
increases. However, there is no quantitative and satisfactory explanation why the 
adsorption starts to increase when  is sufficiently high and why polyethylene glycol 
(PEG) still remains as one of the best to repel proteins. We have looked the 
captioned question from another angle: the entropic elasticity instead of the protein-
surface interaction, i.e., the enthalpy change.  

Considering that each grafted chain is confined inside a cylindrical ñpore/tubeò 
made of its neighboring chains, as shown in the right figure, we found its optimal 
length by minimizing its free energy (A) that contains the exclude volume interaction 
and the chain elasticity (both of them have an entropic nature) [1, 2];estimated how A 
depends on  and the chain length (L); and calculated its 
thermal energy-agitated chain conformation fluctuation that 
slows down the adsorption kinetically. After comparing Awith 
the thermal energy, we are able to predict how both Land  
affect the protein repelling and explain why PEG performs 
better than others. Our predictions are surprisingly and 
quantitatively comparable with those literature results [3, 4]. 
We will also illustrate how to develop some novel anti-biofouling coatings for 
shipyard/marine applications by using an integrated design that combines different 
existing strategies; namely, the self-polishing, the self-structure and the self-
generated soft and dynamic surface [5, 6]. 
References 
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Supramolecular Polymerization of Linear p-Conjugated Molecules to Exotic 
Superstructures 

Ayyappanpillai Ajayaghosh 
CSIR-National Institute of Interdisciplinary Science and Technology (CSIR-NIIST), 

Trivandrum ï 695 019, India 
E-mail: ajayaghosh@niist.res.in 

 
Supramolecular polymers are a 
class of nonconventional 
macromolecular architectures 
formed by the ñbottom-upò self-
assembly of organic molecules. 
While a large number of different 
molecular systems have been 
used as the building blocks, linear 

p-systems such as p-
phenylenevinylenes, p-phenyleneethynylenes, and thienylenevinylenes are of interest due to 
the formation of supramolecular architectures of different size, shape and properties.1 For 
example, nano to micro sized fibers, rods, tubes, toroids, vesicles, helices etc. could be 

designed using small molecular building blocks. The p-interaction in these system can be 
strengthened by incorporating H-bonding functional groups, leading to their spontaneous 
self-assembly to supramolecular polymers. However, control on the size and shape of these 
macromolecular architectures is a challenge.2 In recent times several approaches have been 
reported for the controlled synthesis of supramolecular polymers. One of the approaches 
involves the use of directional H-bonding motifs to achieve shape control. For example, 
spontaneous assembly of linear 1D assemblies can be directed to circular assemblies using 
radially H-bonding functional groups.3 Another strategy is the use of logistically designed 
donor-acceptor type molecular building blocks.4 We have demonstrated this with gel forming 
thienylenevinylenes which result 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 (Figure). We have also used C3-
symmetrical H-bonding core groups attached to donor acceptor systems for the creation of 
supercoiled supramolecular polymers.5 Details of these studies will be presented.  
References 
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[5] Sandeep, A; Praveen, V. K.; Kartha, K. K.; Karunakaran, V.; Ajayaghosh A, Chem. 

Sci. 2016, 7, 4460. 
 

 

 



6 
 

Plenary Lecture 2 

Rethinking the Coupling of CO2 with Epoxides For the Synthesis of Aliphatic 
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Abstract 
 
Carbon dioxide (CO2) is an abundant, inexpensive, and non-toxic renewable C1 
feedstock that is only used in a limited number of product-yielding reactions due to its 
low reactivity. After the discovery by Inoue et al. of the copolymerization of CO2 and 
epoxides by diethyl zinc [1] a number of efficient transition metal catalysts functioning 
by coordinative chemistry have been developed: in the latter case the polymerization 
occurs by coordination and successive insertions of epoxides and CO2 to produce 
aliphatic polycarbonate chains. [2-3a,b,c]. We show for the first time that CO2 and 
epoxides can be copolymerized anionically using classical alkali metal anionic 
initiators or even metal-free anionic initiators, without resorting to the transition metal-
based coordinative chemistry used so far. This opens up new horizons for the 
utilization of CO2 in its anionic copolymerization with epoxides: [4a,b,c]    
1) perfectly defined polycarbonate telechelics can now be prepared for further use as 
precursors of polyurethanes,[4a,b]   
2) very high molecular weight polycarbonates samples can be generated due to the 
ñlivingò nature of the copolymerization,  
3) diblock and triblock copolymers can be easily obtained and thus thermoplastic 
elastomers generated by sequential addition of two different epoxides, 
4) various functional polycarbonates can be derived by copolymerizing under ñlivingò 
conditions functional epoxides with CO2 .

 [4c] 
So far CO2 has been uniquely used in anionic polymerization for carbonation purpose 
of living carbanionic chains by  R. Quirk[5]; we demonstrate here that it can be 
anionically copolymerized with epoxides, provided a Lewis acid is added to 
specifically activate the epoxide monomer.  
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[2] Cheng, M.; Lobkovsky, E. B.; Coates, G. W. J. Am. Chem. Soc. 1998, 120, 11018-11019.  
[3]a-Darensbourg, D. J.; Yarbrough, J. C. J. Am. Chem. Soc. 2002, 124, 6335-6342.[3]b- Qin, Z.; 
Thomas, C. M.; Lee, S.; Coates, G. W. Angew. Chem. Int. Ed. 2003, 42, 5484-5487. [3]c- Hongfa, C.; 
Tian, J.; Andreatta, J.; Darensbourg, D. J.; Bergbreiter, D. E. Chem. Commun. 2008, 975-977.  [4]a- 
Zhang, D.; Zhang, H.; Hadjichristidis, N.; Gnanou, Y.; Feng, X. Macromolecules 2016, 49(7), 2484. 
[4]b-Zhang, D.; Zhang, H.; Hadjichristidis, N.; Gnanou, Y.; Feng, X J. Am. Chem. Soc., 2016, 138 (35), 
11117. [4]c-Boopathi, S.; Hadjichristidis, N.; Gnanou, Y. Feng, XS submitted.  
[5] Quirk, R.P.; Chen, W.C.  Macromol. Chem. Phys.1982, 183(9), 2071  
 

 

 

metal Schiff Base 

Complexes [(Salen)Co, Cr] 
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Abstract 
 
Polymer science provides a diverse toolbox to modify and control the properties and 
function of both synthetic and biological surfaces.The first part of this lecture will 
discuss the use of surface-initiated, controlled radical polymerization (SI-CRP) 
techniques for the preparation of surface tethered polymer brushes. SI-CRP 
reactions are characterized by a number of unique features, which include the ability 
to (i) prepare polymer brushes with precise control over chemical composition and 
film thickness;(ii) to conformally coat both simple, planar substrates as well as 
complex, 3D structured or porous substrates and (iii) to tune the conformation of the 
surface grafted polymer chains by controlling the grafting density. We will present 
recent work that illustrates the use of SI-CRP to generate thin polymer films with 
sensory properties as well as for the generation of novel mechanically responsive 
surfaces. The second part of this talk will concentrate on biological surfaces and 
more specifically the membrane of living cells. Living cells are attractive as carriers to 
mediate transport of drug-loaded particles. The successful use of cells as carriers for 
polymers and polymer particles requires chemical approaches that allow to 
immobilize (and release) the polymer or particle payload from the cell surface, 
without compromising cell viability and function. This presentation will discuss various 
polymer cell surface modification strategies and compare these different approaches 
in terms of the possibilities they offer to modify cell surfaces as well as their impact 
on cell viability and function. 
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Tuning cooperativity on the free energy landscape of protein folding 

 
Jayant Udgaonkar*, Pooja Malhotra and Prashant Jethva 

Department of Biology, Chemistry, Indian Institute of Science Education and 
Research (IISER-Pune), Dr. Homi Bhabha Road, Pune -411008, INDIA 

*Corresponding authorôs E-mail: jayant@iiserpune.ac.in 

A major goal of protein folding studies is to understand the structural basis of the coupling 
between stabilizing interactions, which leads to cooperative conformational change. In 
particular, the relationship between folding cooperativity and stability is poorly understood. 
The goal is challenging because of the difficulty in simultaneously measuring global 
cooperativity by determining population distributions of the conformations present, and the 
structures of these conformations. We have used native state hydrogen exchange in 
conjunction with mass spectrometry to explore the free energy landscape accessible to the 
small protein monellin, when the stability of the protein is varied. Mass distributions obtained 
in the EX1 limit of exchange have allowed a direct distinction between correlated 
(cooperative) and uncorrelated (non-cooperative) structure-opening processes. Under 
conditions where the native protein is maximally stable, a continuum of partially unfolded 
states is gradually sampled before the globally unfolded state is transiently sampled. Under 
conditions that stabilize the unfolded state of the protein, the slowest structure-opening 
reactions leading to complete unfolding, become cooperative. The data provide experimental 
evidence for a gradual uphill unfolding transition on a very slow timescale, in the presence of 
a large free energy difference between the native and unfolded states. The results suggest 
that the cooperativity that manifests itself in protein folding and unfolding reactions carried 
out in the presence of denaturant, might merely be a consequence of the effect of the 
denaturant on the unfolded state and transition state stabilities. 
The segment-specific pattern of HX reveals that the backbone hydrogen bonding network 
disassembles in a structurally diffuse, asynchronous manner. A comparison of the site-
specific transient opening rates of secondary and tertiary structure in the protein provides a 
structural rationale for the observation that unfolding is hierarchical and describable by 
exponential kinetics, despite being diffuse. Since unfolding was studied in native conditions, 
the sequence of events during folding in the same conditions will be the reverse of the 
sequence of events observed during unfolding. Hence, the formation of secondary structural 
units during folding would also occur in a non-cooperative, diffuse and asynchronous 
manner. 
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Plenary Lecture 5 

Highly Defined Multiblock Copolymers:Testing the Limits of Living Polymerization 
 

H. Frey,1 M. Steube,1 E. Grune,1 P. von Tiedemann,1 C. Wahlen,1 T. Johann,1 
A. H. E. Müller,1  M. Appold,2 M. Gallei,2 E. Galanos,3 G. Floudas,3 

1Institute of Organic Chemistry, Johannes Gutenberg University, 55128 Mainz, 
Germany;2 Macromolecular Chemistry Department, Technical Univ. Darmstadt, 

64287 Darmstadt, Germany;3 Department of Physics, University of Ioannina, P.O. 
Box 1186, 45110 Ioannina, Greece. *Corresponding authorôs E-mail: hfrey@uni-

mainz 
 
Abstract  
 
The multiblock structure plays a key role in natural scleroproteins showing 
extraordinary mechanical properties, such as silk fibroin and collagen. They consist 
of alternating flexible and rigid, crystalline chain segments in repetitive sequences [1], 
which leads to high tensile strength. In contrast, only few cases of synthetic polymers 
consisting of well-controlled flexible and rigid chain segments are known that 
additionally show low dispersity.The living anionic copolymerization of isoprene and 
styrene in cyclohexane affords tapered block copolymers due to the highly disparate 
reactivity ratios of rI = 12.8 and rS = 0.051. Repeated addition of a mixture of these 
monomers was exploited to generate tapered multiblock copolymer architectures of 
the (AB)n type with up to 10 blocks (1 Ò n Ò 5), thereby subdividing the polymer 
chains in alternating flexible polyisoprene (PI) and rigid polystyrene (PS) segments. 
Three series of well-defined tapered multiblock copolymers with approximate 
molecular weights of 80 kg/mol, 240 kg/mol and 400 kg/mol were prepared on the 
100 g scale. Via this synthetic strategy polymer chains were divided in di-, tetra-, 
hexa-, octa-, and decablock tapered multiblock structures, respectively. Due to the 
living nature of the polymerization, low dispersities in the range of 1.06 to 1.28 
(decablock) were obtained. In order to ensure full monomer conversion prior to the 
addition of the isoprene/styrene mixture, kinetic Monte Carlo simulation was 
employed, permitting to simulate chain growth in silico by employing the known 
polymerization rates and rate constants kp [2].Subsequently the question was 
addressed, to which extent the multiblock copolymers are capable of forming ordered 
nano-segregated morphologies. Detailed thermal, structural and rheological 
investigations showed that the tapered multiblock copolymers with a molecular 
weight of 240 kg/mol formed ordered phases with the expected lamellar morphology. 
However, X-ray scattering data and transmission electron microscopy (TEM) images 
of the octablock and decablock copolymers reflect weakly ordered structures at 
ambient temperature. The domain spacing, d, was found to scale as d ~ N0.62, where 
N is the total degree of polymerization, suggesting stretching of chains and non-ideal 
configurations. The viscoelastic response of the tapered copolymers is controlled by 
the nanodomain structure, the degree of segregation, nanodomain-bridging 
configurations of blocks and also the proximity to the glass temperature of the vitrified 
PS domains. Tapered hexablock copolymers were found to best combine structural 
integrity and mechanical toughness, while maintaining a large strain at break (> 
900%).The principle can be universally applied to a variety of combinations of diene 
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monomers and styrene derivatives, enabling precise control of block length, 
sequence and block number.  
References  
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H. Frey Macromolecules 2018, 51, 3527. 
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Material, morphology and device design for efficient polymer solar cells 
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Eindhoven University of Technology, Eindhoven,The Netherlands 
 E-mail: r.a.j.janssen@tue.nl 

 
 

Abstract  
 
Organic semiconductors continue to attract interest for application in organic 
optoelectronic devices. For solar cells, the organic semiconductors have to fulfil 
several chemical, optical electronic, and morphological requirements to provide high 
power conversion efficiencies in solar light. The chemical structure, molecular weight, 
processing conditions, charge transport layers and device architectures all exert 
important roles to reach the intrinsic limits of these materials. Recent progress in the 
field of donor and acceptor polymers and molecules will be discussed, resulting in 
high efficiencies as consequence of controlling chemical structure of donor and 
acceptor materials and length scales of their phase separation in mixed blends. We 
have studied morphology formation in real time during solvent evaporation to clarify 
the role of co-solvents and further analyzed and quantized the width of semi-
crystalline polymer fibers by transmission electron microscopy in combination with 
automated image analysis. The fiber width is mainly determined by the solubility of 
the polymer in the co-solvent and the molecular weight of the polymer. Recent results 
on multi-junction polymer solar cells will be presented. We have been able to develop 
new semiconductor inks for the interconnection layers that allow versatile stacking of 
a large number of different photoactive layers combinations in tandem, triple and 
quadruple junction cells. 
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Atypical Responses in Polymeric Nanoassemblies 
 

S. Thayumanavan 
 

Department of Chemistry, University of Massachusetts, Amherst, MA 01003 
E-mail: thai@umass.edu 

 
 

Abstract 
 
Nature has designed complex molecular and supramolecular networks of interactions 
to offer systems that bridge molecular scale initial events to macroscopic final 
outputs. Thus, Mother Nature has evolved intricate networks of systems that can 
bridge chemical events across multiple length scales and timescales. Design know-
hows for generating artificial systems with such capabilities are primitive at best. We 
are inspired by this challenge. As a part of addressing this grand challenge, we have 
developed molecular designs that afford tunable host-guest characteristics in 
supramolecular assemblies in specific response to a variety of stimuli. Such a 
capability endows these assemblies with functional capabilities that could find use in 
diverse applications. In this presentation, we will focus our discussions on 
supramolecular assemblies that are designed to respond to an atypical stimulus or 
feature atypical responsive characteristics. 
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Plenary Lecture-8 

Polymerizable Porogens 
 

S Ramakrishnan 
 

Department of Inorganic and Physical Chemistry, Indian Institute of Science  
Bangalore 560012 INDIA 
E-mail: raman@iisc.ac.in  

 
 

Abstract  
 
Porous polymers have been extensively studied for the past half a century; these 
have been primarily used as separation media, as adsorbents, and, more recently, 
designer porous polymers have been tailored for more specific purposes, such as 
analyte detection, catalysis, stimuli-responsive gates, etc. The control of pore size, 
shape and their inter-connectivity are key parameters that govern the performance of 
the porous polymeric materials; these are controlled using porogens, which are often 
small molecules (or polymers) that serve as place-occupants during the 
polymerization. Two important approaches have been developed to create porous 
polymers ï one is polymerization-induced phase separation (PIPS) and the other is 
polymerization-induced microphase separation (PIMS). Whereas in the former the 
porogen is not linked to the polymer matrix, in the latter the porogen becomes 
covalently attached to the matrix via RAFT-based chain transfer, and thus the size of 
pores becomes regulated by the porogen molecular weight; the degradative removal 
of the porogen leaves behind the porous matrix, which under appropriate conditions 
generates a continuously linked porous structure, a key feature for improved access 
to pores and high flux. To create an alternate single step process to porous 
crosslinked polymers wherein the internal walls of the pores are lined with desired 
functional groups, we embarked on the idea of developing polymerizable porogens, 
wherein the covalent bond between the polymerizable unit and the porogen is 
thermally labile; and thus, the porogen can be cleaved from the crosslinked matrix by 
a simple thermal treatment. By proper design of the thermally cleavable linkage, the 
desired functional group can be installed on the internal walls. I shall first describe 
some of the basic ideas associated with the formation of porous polymeric matrices 
using PIPS and PIMS methods. I shall then contrast our approach that uses a novel 
polymerizable porogens that also undergoes polymerization-induced microphase 
separation (PIMS), however with some differences. The thermally labile linkage that 
we first examined is the carbamate linkage, which under hydrothermal treatment 
cleaves-and-reacts to leave behind amine functionalities on the internal surface of 
the pores. Excellent control over the pore-size and surface area is demonstrated by 
regulating the polymerization-crosslinking process. The effect of various parameters, 
such as porogen size, polymerization-crosslinking rate, volume-fraction of the 
porogen and added non-polymerizable porogen, on the structure of the porous 
polymer will be discussed.  
  

mailto:raman@iisc.ac.in


14 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Abstracts for Joint Symposium 

Society of Polymer Science, India and Society 
of Polymer Science, Japan 

  



15 
 

Joint Symphosium: Invited Talk-01 

New Hybrid Materials Based on Element-Blocks 
 

Yoshiki Chujo 
 

Kyoto University 
Katsura, Kyoto, Japan 

E-mail: chujo@poly.synchem.kyoto-u.ac.jp 
 

Abstract 
 
A structural unit consisting of various groups of elements is called an "element-
block."  The design and synthesis of new element-blocks, polymerization of these 
blocks, and development of methods of forming higher-order structures and 
achieving hierarchical interface control in order to yield the desired functions are 
expected to encourage the creation of new polymeric materials that share, at a high 
level, electronic, optical, and magnetic properties not achievable with conventional 
organic polymeric materials as well as forming properties of molding processability 
and flexible designability that inorganic materials lack. Here, our recent research 
results concerning with these ñelement-blockò materials are demonstrated.  Such 
examples include ñLuminescent Boron Complexesò and ñPolyhedral Oligomeric 
Silsesquioxane (POSS)ò. 

 
Scheme 1. The idea for the construction of polymeric materials based on element-blocks. 
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Self Assembly and Hierarchies of Perylenebisimide (PBI)- Poly(4-vinylpyridine) 
(P4VP) in Homo and Block Copolymers. 

  
S. K. Asha,1 Moumita Roy1 and Sapna Ravindranathan2 

1 Polymer Science and Engineering Division, CSIR NCL Pune 411008 
2Central NMR Facility, CSIR NCL Pune 411008 

* E-mail: sk.asha@ncl.res.in  
 

  
Abstract  
 
The supramolecular comb complexes of P4VP or the comb-coil supramolecular 
complexes of PS-b-P4VP with small molecules like pentadecylphenol (PDP) has 
been well studied in literature for their well-defined nanostructures in bulk and thin 
films. The majority of the literature studies have focused on the bulk assembly of 
these systems by experimental techniques like the FTIR, SAXS, or microscopic 
techniques like TEM, AFM for understanding their morphologies. Our research group 
introduced the self assembly of the n-type organic semiconductor molecule, 
Perylenebisimide (PBI) with P4VP and established their self assembly in bulk by 
FTIR, XRD, TEM in addition to solution based studies involving absorption 
spectroscopy by virtue of the high absorption coefficient of the PBI chromophore.[1-3] 
The self assembly studies were further extended to the complexes of PBI with PS-b-
P4VP having varying P4VP block length. My talk will elaborate on the hierarchical 
structure formation of a difunctional PBI molecule (PBI-PDP) with PS-b-P4VP in the 
bulk using XRD and microscopic techniques. Detailed NMR spectroscopic studies in 
deuterated THF as solvent revealed for the first time, unique information regarding 
the self assembly at the molecular level between the block copolymer and the small 
molecule that could not be extracted by any other analytical methods. NMR 
relaxation experiments gave insight into the environment of the complexed PBI 
derivative deeply embedded within the P4VP core or located at the periphery. This is 
perhaps the first direct experimental evidence for the retention of self organized 
structures in solution for supramolecular complexes based on PS-b-P4VP.  
 

 
References  

[1] Narayan, R.; Kumar, P.; Narayan, K. S.; Asha, S. K. Adv. Funct. Mater. 2013, 23, 2033-2043. 
[2] Narayan, R.; Kumar, P.; Narayan, K. S, Asha, S. K. J. Mater. Chem C., 2014, 2, 6511ï6519.  
[3] Saibal,

 
B.;

 
Narayan, R.; Chithiravel, S.; Asha, S. K. J. Polym. Sci. Polym. Chem., 2017, 55, 

951- 959.  



17 
 

Joint Symphosium: Invited Talk-03 
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withSingle-Site Catalysts 
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Abstract 
 
Cyclic olefin copolymers (COCs) consisted of rigid alicyclic polymer-backbone, of 
which glass transition temperature (Tg) can be controlled by the comonomer 
composition in a wide range, are attractive materials because of their good heat and 
chemical resistance as well as their low dielectric constants, 
nonhygroscopicity, and high transparency. Despite the expectation for 
copolymerization of cyclic olefins with 1-alkene giving new COCs, the 
catalytic systems giving high molecular-weight copolymers with 1-alkene 
are very limited. We found that ansa-dimethylsilylene(3,6-di-tert-
butylfluorenyl)(tert-butylamido)dimethyl-titanium complex (1)activated by 
Ph3CB(C6F5)4gave high molecular-weight norbornene (NB)/1-
alkenecopolymers in high activity1. The catalytic system conducted 
NB/styrene (St)/ethylene terpolymerization2. The introduction of the St unit 
compensated the birefringence of NB unit to be realized zero birefringence polymer 
with the St content of 12 mol% and the Tgof 86 ęC. The catalytic system also 
conducted NB/St copolymerization to produce the copolymers with highweight-
average molecularweight (Mw, 30000 ~ 143000), but the St content (< 5 mol %) and 

the activities (1.4 ~62 kg molTi
-1 h-1) were limited3.We previously reported an 

anilinonaphthoquinone-ligated nickel complex (2a) activated by B(C6F5)3 conducted 

coordination insertion polymerization of NB with high activity (2000 kg molNi
-1 h-1) to 

produce a high molecular-weight polymer soluble in cyclohexane. We therefore 
applied 2a and its derivatives, 2b and 2c, for NB/St copolymerization using modified 
methylaluminoxane (MMAO) or B(C6F5)3 as a cocatalyst4. The catalyst conducted the 

copolymerization with higher activities  (11 ~130 kg molNi
-1 h-1) than 1-Ph3CB(C6F5)4 

and produced copolymers withhigh Mw values of 25000 ~ 148000 in a wide range of 
the St content (4~ 59 mol%). Accordingly, the Tgvalue of the copolymer was 
controllable from 128 ęC to 329ęC.  We also conducted the copolymerization of NB 
with a series ofp-substituted styrene and investigated the effects of the substituent on 
the copolymerization and the properties of the copolymers produced.In this 
presentation, I will introduce novel COCs synthesized by theseNi-based catalytic 
systems. 
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Exceeding ShockleyïQueisser Limit with Singlet Fission 
 

Satish Patil  
 

Solid State and Structural Chemistry Unit  
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E-mail: spatil@iisc.ac.in 
Abstract 
 
Multiexciton generation through singlet fission has the potential of exceeding 
ShockleyïQueisser limit in photovoltaic devices. However, only very few materials 
suitable for singlet fission are available at present and the mechanism of inter- and 
intra-molecular singlet fission are not fully understood. Detailed knowledge regarding 
the processes is crucial for developing new materials. In this talk, I will present the 
molecular design and synthesis strategies to meet the exchange energy and 
morphology criteria for molecules to undergo singlet fission.  
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Abstract 
 
Macroscopic alignment control of liquid crystal (LC) films is key to the development of 
next-generation high-performance electronic, photonic, mechanical, and biomedical 
organic devices. Current methods achieve such large-area alignment of LCs, having 
intrinsic structural ordering over various length scales from nanometer to micrometer, 
by applying uniform external fields along one direction, such as mechanical stress, 
surface rubbing treatment, and electromagnetic or light fields. Among these more 
advanced 2D techniques, light-driven alignment control (photoalignment) might 
provide the greatest potential for fine control over molecular orientation, because of 
its remote and precise influence, and suitability for micro- or nanofabrication, which 
can enable many applications that require more complex alignment patterns. With 
conventional photoalignment methods, one typically irradiates an LC film containing 
added photoresponsive molecules with spatiotemporally uniform polarized light. We 
report here a new concept of scanning wave photopolymerization (SWaP) using 
spatiotemporal scanning of UV light to start photopolymerization and create a mass 
flow in the film, which results in LC alignment coincident with the incident UV light 
patterns. 
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Abstract 
 
Polymer fibers, including natural silk and synthetic fibers exhibit universal viscoelastic 
response. On stretching below yield, they show logarithmic stress decay. On 
unloading fibers with a glassy amorphous phase, the stress recovers. A simple 
phenomenological model accurately describes data from independent mechanical 
experiments and provides insights into the microstructural origins of the fiber 
response. Counter to intuition, the model indicates that it is the crystalline regions, 
rather than the amorphous glass, that deform first on stretching fibers at high strain 
rates. On holding a stretched fiber, stress decays as a consequence of relaxations in 
amorphous regions. Finally, unloading the fiber transfers stress from the amorphous 
to crystalline regions resulting in stress recovery. Model parameters correlate well 
with the fiber microstructure. Crystal and amorphous moduli from the model match 
those from X-ray diffraction. Activation energies for the temperature dependence of 
the peak relaxation time are similar to those reported in the literature. Thus, a simple 
model that invokes only crystal-amorphous coexistence can successfully model the 
mechanical response of a wide variety of polymer fibers.  
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Abstract  
 
In nature, high-performance biological polymers and composites consist of various 
organisms. The high-performance biopolymers in nature are mainly protein/ 
polypeptide, and have therefore been recognized as bioactive and functional 
material. However, use of those biopolymers as structural materials is still 
challenging in the human life. One of the major drawbacks of polypeptide-based 
materials is their limited synthesis method. My research group has successfully 
synthesized various polypeptides, even with unnatural amino acids or nylon units, via 
chemo-enzymatic polymerization. Those artificial polypeptides containing unnatural 
units achieve several properties that cannot be done by natural polypeptides. This 
synthesis method provides a new insight for material design of polypeptide. Novel 
multiblock polypeptides with a structure similar to the unique sequence observed in 
spider silk proteins were synthesized via a two-step chemical and enzymatic 
synthesis method. Resultant multiblock copolypeptides formed an antiparallel beta-
sheet structure with a degree of crystallinity similar to that of spider silk, which 
resulted in a fibrous morphology. This study provides new examples of synthetic 
multiblock polypeptides mimicking the natural structural proteins as renewable 
materials. In my presentation, the new finding in spider silk spinning, which is 
important to design tough structural polymers, will be introduced as a molecular 
design strategy. 
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Santappa Award Lecture 

Coulomb Interactions-Driven UCST Polymers 
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Cultivation of Science, Jadavpur, Kolkata, India 

E-mail id: psutkm@iacs.res.in  
Abstract  

 
Thermoresponsive polymers have been extensively researched in the academic 
community and the major focus has also been on their wide range of applications in 
sensing and devices as well as in biomedical filed. The water-soluble polymers with 
lower critical solution temperature (LCST) are most widely studied in terms of their 
use in biomedical sciences. But, polymers with upper critical solution temperature 
(UCST) behaviors are less studied, though conceptually they are equally useful. The 
UCST-type phase transition is driven by either hydrogen bonding (HB) or Coulomb 
interactions among the polymer chains. Consequently, there has been major 
development in synthesizing new UCST polymers with HB interactive functional 
groups. But, the explorations of UCST polymers that are rely on Coulomb 
interactions are very less. Thus, our research is focused on the development of new 
electrostatically interacted UCST polymers. I will discuss several recent 
achievements of various ionic UCST-type polymers including their phase behaviors 
and responsiveness towards other stimuli in our laboratory. Specifically, the 
discussion focuses on the synthesis of amino acid-based poly(zwitterions), amino 
acid-based zwitterionic polysufobetaine,  poly(zwitterionic ionic liquid)s and 
discussion of their UCST-type behaviors due to intra- and inter-molecular 
electrostatic interactions between the pendent zwitterionic groups of the neighboring 
polymer chains. The synthesis of other type of ionic polymers such as phosphonium 
and imdazolium poly(ionic liquid)s, their copolymers and cationic polypeptides as well 
as their UCST-type behaviors due to the electrostatic ionic bridging interactions in the 
presence of added anion will also be discussed.  
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Abstract  

 
Vinyl polyperoxides, alternating copolymers of vinyl monomers and molecular 
oxygen, are highly viscous amorphous materials because of the flexible peroxy (-O-
O-) bonds in their main chains.1,2 Polyperoxides show highly exothermic degradation 
in contrast to common polymers which generally degrade endothermically, and finds 
applications in various areas as; polymeric radical initiators, curators in molding and 
coating applications, dismantlable adhesives, auto combustible polymeric fuel, drug 
carrier, plastic waste management, etc. Although this class of polymers is known 
since 1922, till date there is only one report, where crystallinity was found in poly(Ŭ-
phenyl styrene peroxide) (PAPSP).3 However, detailed mechanism of crystallization 
was never studied. 
Side-chain crystallization occurs from long n-alkyl 
side chains of polymers with C Ó 12 of the side chain 
alkyl carbons.4 Thus, to prepare crystalline 
polyperoxides side-chain fatty acid based vinyl 
monomers of appropriate fatty acid chain length could be used, to restrict the main 
chain flexibility from the side-chain crystallization of 
long fatty acid moieties. Therefore, we have 
polymerized styrenic monomers having fatty acid 
moieties with different chain lengths at the para-
position of phenyl group via oxidative polymerization in the presence of a free radical 
initiator at 50 oC in toluene. Indeed, crystalline polyperoxide forms when C Ó 12 of the 
side chain alkyl carbons in fatty acid moiety  (Figure 1), as confirmed by differential 
scanning calorimetry (DSC), polarized optical microscopy (POM), powder X-ray 
diffraction (PXRD), transmission electron microscope (TEM) and density functional 
theory (DFT) calculations. Side-chain crystallinity imparts high thermal stability and 
powdery nature to these polyperoxides, despite their low molecular weight and highly 
flexible backbone owing to the main chain peroxy links. 
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Figure 1. Crystalline domain formation 

in the side-chain fatty acid based 
polyperoxides. 
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Figure 1: AFM height image of the drop-cast aggregates of 

star-shaped PLLA and circular dichroism spectra of PLLA 

(blue), PDLA (red) and star-shaped PLLA (black). 
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Abstract  
 
Poly(ᾛ-lactide) (PLLA), the most common stereoisomer of the poly(lactic acid), is a 
widely used biobased polymer in degradable plastics. It is also used as a degradable 
biomaterial in many medical devices and tissue engineering. To overcome the 
limitations of polylactides and tailor its desirable properties, multiphase polymer 
systems have been developed [1-5]. The structural ordering process plays a key role 
in controlling the nanostructured morphologies of the multiphase systems. In the first 
part of the talk, the structural evolution of PLLA during heating of the amorphous ABA 
triblock copolymers will be discussed. For that purpose, two triblock ABA copolymers 
poly(ᾛ-lactide-b-dimethylsiloxane-b-ᾛ-lactide) and poly(ᾛ-lactide-b-ethylene glycol-b-ᾛ-
lactide) containing poly(ᾛ-lactide) 
were synthesized. Upon heating of 
the glassy triblock copolymers, the 
amorphous PLLA transiently 
transformed to the mesophase just 
above the Tg of PLLA block before 
crystallizing into the regular  
form.[1-2] The formation of the 
mesophase was faster in miscible 
triblock copolymers due to the 
enhanced molecular mobility of the 
amorphous PLLA. In the second part of 
the talk, the role of polymer chain packing on the solid state emission properties of 
the star-shaped PLLA (Figure) will be discussed [3]. Using the blends of enantiomeric 
star-shaped polylactides, the structure formation process of stereocomplex will be 
discussed. Last part of the talk highlights the structure and morphology 
(superstructure) of the solvent-induced crystallized PLLA films in different length 
scales using wide-angle and small-angle X-ray scattering, atomic force microscopy, 
and polarized light microscopy.[4,5]  
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Strong underwater adhesion: maximizing adhesive and hydrophobic 
interactions with the surface 
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Abstract  
 
Mussel adhesion has fascinated scientists for their ability to adhere to underwater 
substrates. They do this by the secretion of adhesive proteins underwater in a 
temporal fashion. The mixture of proteins secreted by mussels are tuned to provide 
both adhesive and cohesive interactions with the substrate. Synthetic adhesives in 
comparison are for the most part compromised in an aqueous environment due to 
their inability to prevent water penetration into the adhesive interface. We will present 
our work on the design and evaluation of synthetic polyesters that demonstrate 
strong underwater adhesion. The polyester is designed to flow at room temperature 
that enables application without any solvent. Catechol units of the polymer provide 
adhesive contacts with the substrate. The applied polymer is subsequently cured to a 
crosslinked polymer providing cohesive interactions. Lapshear measurements show 
strong adhesion even when the polymer is applied underwater. Our current results 
indicate that in addition to the role of catechol, a hydrophobic environment is 
necessary for synthetic adhesives to show good performance in wet environments. 
The nature of the adhesive interface has been characterized by sum frequency 
generation spectroscopy and JKR measurements, and these studies have provided 
mechanistic insight into the role of each functional group in maximizing adhesive and 
cohesive interactions. 
 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



28 
 

CPSA-IL-02 

Polymers and Chemicals Manufacturing via Continuous Flow Processes:  
A New Paradigm in Process Intensification 

 
Anil Kumar 

Chair Professor 
Chemistry Department 

Centre for Excellence in Nanoelectronics (CEN) 
National Centre for Excellence in Technologies for Internal Security (NCETIS) 

National Centre for Photovoltaic Research and Education (NCPRE) 
IIT Bombay 

Powai, Mumbai 400076 India,  
E-mail: anilkumar@iitb.ac.in 

Abstract  
 
Continuous flow manufacturing provides a potential alternative to batch 
manufacturing because of its inherent advantages such as very efficient heat 
exchange, high batch to batch reproducibility, fast mixing, high throughput, safety, 
and the ability to do multistep telescopic synthesis.  Due to these advantages, these 
processes have been referred to as the most promising ñGreen Technologyò. In fact, 
continuous flow processes are projected to be the ñCHEMICAL FACTORIESò of 
tomorrow. Continuous flow processes also provide ñOn-Demandò synthesis with 
complete control over reproducibility, size, shape and these parameters can be 
achieved at various scales (lab synthesis to pilot to bulk production) with excellent 
reproducibility. This opens up the opportunity for synthetic chemists to prepare 
materials with precise control over critical molecular design parameters. It also 
enables one to carry out chemical synthesis at higher temperatures which were 
outside the domain of an organic synthetic lab. Apart from this, continuous 
manufacturing opens up new domains in formulations and various downstream 
processes. It is also revolutionizing the domain of high throughput machine-assisted 
synthesis leading to development of Artificial Intelligence (AI) in various domains of 
chemical industries. In this presentation, I will review some of the recent advances in 
these directions and some results from our laboratory. An introductory tutorial 
(developed by us) can be found at YOUTUBE at following address: 

https://www.youtube.com/watch?v=CYo85cdhEfc&feature=youtu.be 
  



29 
 

CPSA-IL-03 

Insertion Copolymerization of Difunctional Polar Vinyl Monomers with Ethylene: A 
Comprehensive Account 

 
S. H. Chikkali,*1S. R. Gaikwad2 and S. S. Deshmukh*1 

1Polyolefin Lab, Polymer Science and Engineering Division, CSIR-National Chemical 
Laboratory, Dr. HomiBhabha Road, Pune-411008, India 
*Corresponding authorôs E-mail: s.chikkali@ncl.res.in 

 
Abstract 
 
Today we produce about 300 million tons of polymers every year and polymers have 
become indispensable in 21st century. Among these, polyolefins contribute more than 
half of the total volume of polymers produced. Most of these polyolefins are produced 
by a reaction called ñInsertion Polymerizationò or more popularly ñZiegler-Natta 
Polymerizationò.1Despite the seeming maturity, the insertion polymerization reaction 
continues to surprise us with growing complexity and is young as ever. My talk shall 
take a stock of the remaining challenges in Ziegler-Natta polymerization; briefly 
discuss current solutions, and reiterate the enormous potential of this seventy year 
old reaction to meet contemporary demand. I will showcase our endeavor in insertion 
copolymerization of difunctional olefins with ethylene to prepare functional 
polyethylene.2-4 Synthesis of acetonitrile ligated phosphine-sulfonate palladium 
complex, its application in the first insertion copolymerization of 1,1-disubstituted 
difunctional (such as super glue) olefin with ethylene, mechanism and structure-
property-performance correlation will be disclosed.5  
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Abstract 
 
Polyurethanes (PU) are one of the most important class of versatile polymers.  Since 
its first report at IG Farben in Leverkusen, Germany in 1930s, PU has been widely 
used as plastics, rubbers, fibers.  The properties of PUs can be tuned by changing 
the nature of polyols, diisocyanates and chain extenders.  In this investigation, we 
have prepared specialty PUs by introducing different functional groups by using 
different types of modified chain extenders.  Incorporation of group furfuryl as well as 
functional nano-hybrid material like polyhedral oligomericsilsesquioxane (POSS) 
leads to self-healing as well as hydrophobic characteristics in PU.  PUs are known to 
be good shape memory polymer which can recover into its original shape from a 
deformed state.  It was observed that incorporation of ionic crosslinks in PU 
significantly improves its shape recovery and shape fixity making it an excellent 
shape memory material.  This talk will delineate synthetic strategy of preparation and 
characterization of smart self-healable as well as shape memory PUs. 
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Abstract 
 
Development of sustainable polymeric materials with high performance is the 
necessity of hours. In this milieu, a few sustainable thermoplastic and thermosetting 
polymeric nanocomposites have been fabricated using different types of 
nanomaterialsincluding carbon nanotubes, carbon dots, graphene derivatives, 
organoclay, metal and metal oxides, etc. Biodegradable polyesters, poly(ester 
amide)s,epoxies and polyurethanes with varieties of structures and compositions 
have been synthesized and used as matrices for such nanocomposites. Some of 
these raw materials were obtained from different renewable resources. The 
nanomaterials have been incorporated in the above matrices by following in-situ and 
solution polymerization techniques. These nanocomposites exhibited substantial 
increase in mechanical, thermal, chemical and other desired properties including 
optical and electrical properties from their respective pristine systems. As an 
example,citric acid derived polyester thermosetting nanocomposite with carbon dot-
TiO2 showed an excellent excitationwavelengthdependentphoto-luminescence,self-
cleaning, anti-reflecting, etc. behaviors andability to separate crude oil from its 
mixture. along with desired mechanical properties. Similarly, castor oil modified 
silicone containing polyurethane-polystyrene interpenetrating thermoplastic 
elastomeric nanocomposites with multi-walled carbon nanotubes exhibited excellent 
shape memory, water repellence with static water contact angle up to 140°, and 
outstanding self-cleaning and anti-icing behaviors along with high mechanical 
attributes. All the studied polymeric nanocomposites showed biodegradability under 
exposure of specific bacterial strains anda few of thempossess biocompatibility. Thus 
these nanocomposites have great potential to be used as active surface coating 
binders and smart biomaterials including engineering materials.A brief overview of all 
these materialsfrom synthesis to applications will be discussed.  
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Abstract 
 
The weak binding between carbohydrates and proteins is a major constraint towards 
the development of carbohydrate-based therapeutics. To address this, we have 
developed a method for the synthesis of glycopolymer (GP) grafted nanoparticles by 
using Reversible Addition Fragmentation Chain Transfer (RAFT) polymerization 
through in-situ/grafting from approach using a multistep process.1, 2 GP chains of 
various lengths with controlled molecular weight and narrow polydispersities were 
grown on the RAFT agent anchored nanoparticle surface using various type of 
glycomonomers. The mean diameter of the glycopolymer grafted nanoparticles (GP-
g-NPs) can be readily tuned by altering the chain length, type of nanoparticles and 
the type of glycomonomers used in the polymerization feed.1, 2 GP-g-NPs displayed 
stronger binding to the carbohydrate specific lectin such as Concanavalin A (Con A) 
owing to the larger positive binding entropic contribution (Figure 1) which resulted in 
an association constant that is 800 and 400-fold stronger than that of monomeric 
carbohydrate and linear GP chains, respectively.2 These initial results opened up the 
huge scope for developing carbohydrate based vaccine based on glycopolymer 
coated nanoparticles. 
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Figure 1. Schematic representation of binding between 

glycopolymer coated nanoparticles and specific lectin. 
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Abstract  
Studies of block copolymer (BCP) materials and their phase separation in bulk and 
thin-film form have exploded over the last few decades due to their multitude of 
applications in lithography, and drug delivery, and as biomaterials, rheological 
modifiers, and mesoporous materials. This is partly because BCPs provide a flexible 
size and shape tunable platform to create nanostructures over large areas in the 3 - 
200 nm length scale, using inexpensive materials and processes. This requires 
addressing aspects, from synthesis of new block copolymers with high chi, chemistry 
and physics to enable their thin-film assembly, and technology to multiply the density 
of features. While new monomers are one route to access these high chi block 
copolymers, we have focused on existing monomers that are explored in traditional 
photoresist chemistry to create highly functional block copolymers that self-assemble 
into sub-10 nm features. This design allows us to simultaneously incorporate a 
number of requirements that are needed for their use in thin-films. Surprisingly, even 
chi has not been quantified for a wide variety of simple, well-known polymers. We 
describe ongoing research in the group on the design, synthesis and characterization 
of these new strongly phase segregating block copolymers1-5.  
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Abstract  

 

More than 60 million tons of elemental sulfur are produced annually as a  by-product of  hydro-
desulfurization process in refinary. It is used mostly for the production of commodity chemicals like 
sulfuric acid and fertilizers. Abundance of elemental sulfur coupled with possibility of  developing 
innovative chemistry opened new directions  for sulfur based high performance materials in recent 
years. 

Elemental sulfur exist in the form of eight-membered ring (S8) that undergoes solid-to-solid 
transition from orthorhombic to monoclinic crystal at 100-109°C.  On further heating, it melts into 
a yellow liquid phase at 120ς124°C with rings ranging from 8ς35 sulfur atoms. Above 159°C, it 
offers the possibility of equilibrium ring-opening polymerization (ROP) of the S8 monomer into a 
linear polysulfide with diradical chain ends. Polymeric form of sulfur is not stable and reverts back 
to S8 at room temperature. Di-radical polymeric sulfur can be stabilized by diene types of modifier 
which yield semi-interpenetrating network (semi-IPN) structure.  

 

 

 

 

 

 

 

 

 

 
The present talk will discuss the 

synthetic strategy and characteristics of sulfur based IPN with different vinylic and allylic modifier. 
The use for copolymers from sealant to concrete based composites will also be presented.  
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Abstract  
 
Stimuli-responsive polymeric nanostructures in solution are important tools in drug 
delivery and other applications. We have synthesized amphiphilic stimuli-responsive 
linear block copolymers and linear-dendritic copolymers incorporating one or more of 
pH- and photoresponsive (UV- and visible light-sensitive) groups, and temperature-
responsive polymer chains such as poly(N-isopropylacrylamide) (PNIPAM). The self-
assembly of these polymers in aqueous solution was investigated by TEM and DLS 
analysis. Dye encapsulation and stimuli-responsive dye release were shown. 
Polymers that were designed to be biocompatible were studied for cell uptake and 
controlled release of anti-cancer drug inside the cells was demonstrated. Dendron 
generation and linear block length were varied in some of the polymers to tune the 
size and shape of the self-assembly. Temperature-responsive change in morphology 
was shown for PNIPAM and poly(Ů-caprolactone) containing linear-dendritic 
copolymers. Triazole-containing linear-dendritic amphiphiles were used to fabricate 
Cu and Ag nanoparticles in dilute aqueous solution and their efficiency in catalyzing 
reduction of p-nitrophenol was evaluated. 
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Figure 1. Polymeric coatings 

interfacing material and biological 
world. 
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Abstract 
 
Polymeric coatings on various inorganic surfaces and nanoparticles have emerged 
as widely used component for a broad range of functional materials with biomedical 
applications ranging from sensing to targeted imaging and delivery.Oftentimes, the 
inorganic materials used for such applications are coated with a layer of polymeric 
material to impart properties that not only enhances their utility, but are crucial for the 
desired function. Today, polymeric coatings on inorganic surfaces play a role beyond 
their protection. They equip these materials with functional attributes necessary for 
the targeted applications. The polymeric coating provides an interface for 
communication between the material and biological 
world (Figure 1). For example, a judicious choice of 
polymeric coating on planar and nanoparticle surfaces 
provides the much needed resistance towards 
biofouling under physiological conditions. This is very 
important for applications like sensing where a high 
signal to noise can be achieved. For many applications, 
the surface coatings needs to be engineered in a 
manner that would allow attachment of specific 
ligands and biomolecules while exhibiting resistance 
towards undesired protein adsorption in the biological 
media. To date, in our research group, a variety of polymeric coatings ranging from 
ultrathin coatings and hydrogels to surface tethered polymer brushes have been 
utilized towards fabrication of functional inorganic planar surfaces and 
nanoparticles.Case studies highlighting the design principles with specific 
applications such as bioimmobilization, protein recognition and activity modulation to 
cellular targeting for imaging and delivery will be discussed. 
The Ministry of Development of Turkey (2009K120520) is acknowledged for financial 
assistance. 
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Abstract 
 
Next generation elastomeric materials/devicesdemand a number of functional 
properties viz. (a) enhanced thermal/electrical conductivity (b) inferior mechanical 
properties (c) biocompatiblity and (c) use of sustainable raw materials. In this talk, 
our efforts to achieve these properties through preparing;(a) graphene-rubber 
nanocomposite and (b) poly(glycerol sebacage) (PGS) based semi interpenetrated 
networks, will bepresented. In this context, defect free few layers graphene is 
successfully prepared using a simple, scalable and safe method, 
wherein,melamineand naturally available 
phenolics(curcumin/tetrahydrocurcumin/quercetin, Figure 1) are employed asthe 
solid and liquid-phase exfoliating agents. The yielded graphene was mixed with the 
natural rubber to produce thin film nanocomposites, which show enhanced thermal 
conductivity and tensile strength as well as biocompatible. PGS, produced from 
renewable monomers such as sebacic acid and glycerol, has been explored as 
sustainable materials in order to enhance the tensile properties, which suit to the 
applications such as elastomers and rigid plastics.  
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 Figure 1: Produced few layers pristine graphene characterized by 

Raman and TEM analysis. 
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Abstract  
 

Branched polymers that contain tertiary amines in the core find wide applications 
from as catalytic centers, gene delivery vehicles, nano careers, etc.1-2 The globular 
structure adopted by hyperbranched polymers with tertiary amines in the core could 
show unique property as a function of pH, ability to encapsulate guest molecule that 
match core environment, entrap metal ions, etc. We have synthesized two sets 
amine containing of hyperbranched polymer by transesterification via A3 + B2 + B' 
and A4 + B2 + B' to obtain core-shell hyperbranched polymer.3-5  

The presence of more number of tertiary amines in the hyperbranched 
polymer prepared from A4 type monomer allowed us to explore the uptake of 
transition metal ions as it mimics the chelating sites of ligand. Among the metal ions 
tested for uptake, the A4 type polymer showed preference to chromium.  The limit of 
chromium (VI) removal by polymer assessed spectroscopically under ambient 
conditions at 30ºC was found to be 6 mg of dichromate per mg of polymer. The 
uptake of metal ion as well as dye is instantaneous which allows to design a cross-
linked network of hyperbranched polymer placed in straw as on site water purifier.  
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Increasing concentration of chromium solution in the presence of DPC (Ligand). 

Water before treating with polymer (left); water after treatment with polymer  

Dye uptake studies: Dye in Water and 

chloroform (right) 

Dye in Water and polymer in chloroform (left) 
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Abstract 
 
Living anionic polymerization of vinyl monomers, after it was first reported by Michael 
Szwarc1

, revolutionized the field of polymer science and led to birth of a number of 
controlled polymerization techniques in last sixty years. All these controlled/ living 
polymerization techniques have enabled us to produce polymers with precise control 
in structures, functionalities and architectures for numerous applications. However, 
anionic polymerization2-3, in general, is well known to be sensitive to polar functional 
groups and polar reaction media. This presentation will focus on a very exceptional 
example of nucleophile-initiated anionic polymerization4-5 system for vinylpyridine 
(VP) based zwitterionic monomers that occurs in water under ambient aerobic 
conditions. Zwitterionic polymers of different chain end functionality including radically 
polymerizable vinyl groups were synthesized by utilizing different nucleophiles as 
initiator. Density functional theory (DFT) calculations of monomer and propagating 
species were used to validate anionic mechanism of polymerization and active-
dormant resonance hybrid structure of the propagating carbanion. This is particularly 
a unique polymerization system where an active-dormant transition, an essential 
component of living/controlled polymerizations, persists in the absence of any control 
agent, metal catalyst or additives unlike many other living polymerization systems. 
This methodology of polymerization, although at the moment limited to certain type of 
monomers, opens up a new and a very facile way of synthesizing functional 
zwitterionic polymeric materials especially towards biomedical and marine anti-
biofouling6-7surfaces. 
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Abstract 
 
Polymers have shown greater promise as chiral ligands in a wide range of catalytic 
tranformations.  These chiral polymers provide many advantages within the context 
of organic reactions. The poly(ionic liquids) (PILs) which are a class of 
polyelectrolytes are considered as special type of polymers with unique properties 
combining those of ILs and specific properties of polymers.  The tuneable nature of 
PILs provides greater novelty towards their applications.  We have prepared a series 
of imidazolium based chiral and achiral homo and cross linked PILs through 
controlled radical polymerization (RAFT technique).  We have prepared chiral 
poly(ionic liquids) by introducing the chirality at the anionic site by simple anionic 
metathesis.  It is very interesting to note that introduction of chirality at the anionic 
site triggered helicity in the polymer back bone.1These achiral and chiral homo and 
cross linked PILs were utilized as recyclable catalysts in different organocatalysis 
reactions such as Diels Alder reactions, asymmetric Baylis Hillman reaction, Michael 
Addition reaction.1-5 Chemo-selective TH reduction of Ŭ,ɓ-unsaturated carbonyl 
compounds under base free conditions were achieved using PIL stabilized Ni 
NPs.6We have also used these imidazolium based PILs for DNA stabilization.7 
During the presentation, synthesis of these homo and cross linked PILs and their 
applications will be discussed.  
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Abstract  
 
Synthesis of new polymeric materials with increasing control over the 
macromolecular architectures could be achieved through atom transfer radical 
polymerization (ATRP) route. ATRP is a versatile and robust polymerization method 
to develop well defined polymers finding applications in diversified areas. It is also 
important to mention that the nanometer sized metal-polymer composite containing 
AuNPs and AgNPs, produced through ATRP method has found wide variety of 
applications1,2. In the recent past, the metal containing robust polymer specifically 
produced from ATRP has been extensively exploited in the fabrication of optical, 
electronic and photonic devices. Considering the significance of the polymer 
produced from ATRP, in this study, we 
synthesised novel nano sized ATRP initiator 
viz., bromo functionalized thiolates on to the 
silver nanoparticles (BTFAgNps) and Bromo 
functionalized thiolates on to the gold 
nanoparticles (BTFAuNps) via two step 
procedure:  stabilization of  Au and Ag nano particles  with 4-mercapto phenol 
individually, and treatment of each  with ethyl 2-bromoisobutryl bromide(2-BIB)3 to 
form  nano sized ATRP initiators namely  BTFAuNps and BTFAgNps. These two 
initiators were characterized with FT-IR, Uv-Vis and TEM techniques. The initiating 
efficiency of these two initiators were demonstrated through surface-confined atom 
transfer living radical polymerisation at moderate temperature using 
CuBr/PMDETA(Pentamethyl diethylene triamine) as a catalyst for polymerization of 
N-Isopropyl acrylamide (N-IPA) as a reference reaction. The resulting poly-NIPAs 
obtained through these two initiators were characterized individually with GPC, DLS 
and TGA techniques, and ascertained their efficiency and structural properties. 
Further, the kinetics of  nano poly-NIPAs was studied to evaluate the molecular 
weight and polydispersity index through GPC. The linear kinetic plot of  ln([M0]/[M]) 
versus time, and the linear increase of number average molecular weight with the 
monomer conversion confirm that this polymerization proceeds  through 
controlled/living in nature. 
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Abstract  
 
3D-printed anatomical models for surgical planning and clinical training have wide 
applications in the hospital inpatient setting.1,2 This leads to better outcomes, both 
clinically and economically, for patients, care-providers/doctors and payers. Metals 
have been the materials of choice, since they combine all the required properties 
such as durability, chemical inertness, temperature resistance or wear resistance. 
However, a big disadvantage of using metal is the weight. Use of a lighter material 
instead of metal can save a lot of fuel, which will result in reduced CO2 emission. 
High performance polymers containing fluorinated backbone can be a better 
alternative to the metal.3 Apart from satisfying all the criteria such as chemical 
resistance to acids, bases, and organic solvents, excellent weathering, and durability, 
polymers are lighter than the metal. Stimuli-responsive materials undergo changes in 
response to external stimuli such as change of temperature, pH, light, etc. Multi-
stimuli responsive polymer materials exhibit improved diversity compared to single- 
or dual-stimuli responsive polymers.4 However, the ability of the current multi-stimuli 
responsive polymers to provide the required specificity and tunability is still in its 
infancy. This is due to the complexity in balancing the material parameters of 
functionality, reaction feasibility, degradability, hydrophilicity etc. Furthermore, 
challenging synthesis protocols for these multi-responsive polymers has resulted in 
lack of fundamental understanding of the detailed structure-activity relationship. We 
have developed multi-stimuli responsive multi-arm-star polymers as a tunable 
platform to fabricate nanoengineered 3D-printed anatomical models for surgical 
planning and clinical training.5 Novel functional polymers with multiple tunable 
responses exhibiting large changes in swelling and wettability properties in response 
to external stimuli (e.g. pH, temperature and light) has been designed, synthesized 
and characterized. The utility and impact of these multi-stimuli responsive polymer-
based materials are demonstrated by the construction of adaptive and intelligent 
models.  
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Abstract  
 

L-Amino acids are biological monomers that play crucial role on the size, function 
and secondary structure of proteins. Synthetic polymers based on L-amino acids 
attracted significant interest in chemistry-biology interface due to their potential 
application in therapeutics and biocompatible thermoplastics. The development of 
new synthetic strategies for L-amino acid based polymer nano-carriers has 
tremendous research opportunities in the area of biomaterials. The thesis work is 
emphasized to develop new classes of linear polyesters from L-aspartic acid 
resources via solvent free melt poly-condensation method approach. These 
amphiphilic polyesters were self-assembled as 200 ±10 nm nanoparticles and they 
exhibited excellent encapsulation capabilities for delivering multiple anticancer drugs 
such as doxorubicin, topotecan, and curcumin etc.  These polymers were in-built with 
pH, and enzyme responsiveness; thus, they were stable at extracellular conditions 
and underwent enzymatic-biodegradation exclusively at the intracellular level to 
release the drugs.[1] The drug administration was studied in breast cancer, cervical 
cancer and non-cancerous WT-MEFs cell-lines. These studies revealed that the 
nascent L-Aspartic acid based nanoparticles were non-toxic whereas the drug loaded 
polymer nanoparticles exhibited excellent cell killing in cancer cells. Fluorescent-
tagged biodegradable polymer nanoparticle probes were also accomplished to track 
drug polymer dissociation kinetics in the cytoplasm of the cancer cells via FRET 
mechanism. Three FRET probes were constructed based on OPV- Nile red; TPE-
Nile red and curcumin-Nile red diads and their bio-imaging capabilities were tested in 
vitro live cell imaging.[2] New classes of hydroxyl functionalized polyester nano-
carriers were established as multi-purpose nano-scaffolds for drug conjugation and 
water dispersible FRET probe through aggregation induced emission (AIE) 
process. The presentation will be focused on the synthetic design strategies and the 
importance of L-amino acid polymer for bio-imaging application in cancer cells. 
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Abstract  

 

The ring opening polymerization (ROP) of L-lactide (M) was carried out in bulk using 
stannous octoate as catalyst (C) and 1-pyrene butanol as co-catalyst (ROH) at M/C = 5620 
and ROH/C = 17. The effect of polymerization temperature and time was studied on the 
kinetics of L-lactide ROP at 150 to 190oC.  The 1H NMR spectroscopy and Ostwald 
viscometer were used to measure the conversion and viscosity average molecular weight 
(Mv) respectively. The monomer conversion (Fig.1) and Mv increases linearly with 
polymerization time1.  The depolymerization reactions are dominating at high polymerization 
temperature and time. Therefore, the decrease in Mv was observed at the monomer 
conversion of > 95%. The rates of propagation were calculated by following the method 
described in the literature2. 
The entropy, activation energy and the pre-exponential factor were calculated for the 
reversible ring opening polymerization of L-lactide. The obtained values of activation energy 
is E = 31.3 kJ.mol-1 and pre-exponential constant is  lnA = 18.33, 4 (Fig.2).       

 
 
Figure 1: Plot of conversion vs. time.          Figure 2: Plot of lnkpvs. temperature 

Experimental data: Ǐ, 150; ƴ, 160; ƺ, 170; 
ƶ, 180; æ, 190o 
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Abstract  

Self-assembly of two neutral ligands on a metal to mimic bidentate ligand 
coordination has been frequently encountered in the recent past,[1-4] but self-
assembly of an anionic ligand on a metal template alongside a neutral ligand remains 
an elusive target. Presented here is the self-association of anionic ligand 3-(3-
phenylureido)benzoic acid (2b) and 1-(3-(diphenylphosphanyl)phenyl)-3-phenylurea 
(1b) on a metal template to produce palladium complex 
[{COOC6H4NH(CO)NHPh}{Ph2PC6H4NH(CO)NHPh}PdMePy] (3c). The existence of 
3c was confirmed by Job plot, 1-2D NMR spectroscopy, deuterium labeling, IR 
spectroscopy, UV-Vis spectroscopy, model complex synthesis and DFT calculations. 
These solution and gas phase investigation authenticated the presence of 
intramolecular hydrogen bonding between hydrogenôs of 1b and carbonyl oxygen of 
2b. The generality of the supramolecular approach was validated by preparing 6 
complexes from 4 monodentate ligands and their synthetic utility was demonstrated 
in ethylene polymerization.[5] 
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 Functional polymers show improved properties relatives to their non-functional 

counterparts. The polymer can be modified either by chemical modification or by changing 

the physical nature of the polymers. Currently, two strategies have been widely used for the 

chemical modification (i) post-modification approach and (ii) functional monomer approach 

Post-modification approach encounters problems such as insufficient efficiency of the 

reaction in installing functional groups and undesirable side reactions because of harsh 

reaction conditions. In Clickable monomer approach, functional monomers with clickable 

moiety, clickable polymers can be achieved to construct various functional polymers clicking 

post to the polymerization. This approach relies on the design of monomers whose functional 

groups are orthogonal to polymerization reactions. Monomers containing propargyl, allyl or 

azido functional groups are the prominent examples of monomers used for synthesis of 

clickable polymers. These clickable groups can withstand certain polymerization conditions 

and can be conveniently transformed afterwards.   

 We synthesized difunctional monomers containing pendent propargyloxy, allyloxy or 

azido group viz,. 1,1-Bis(4-hydoxyphenyl)-1-(4ô-propargyloxyphenyl)ethane,  5-

(Propargyloxy)isophthalic acid,  5-(Propargyloxy)isophthaloyl chloride,  5-(Propargyloxy)-

1,3-diisocyanatobenzene,  5-(Allyloxy)isophthalic acid,   5-(Allyloxy)isophthaloyl chloride,   

5-(Allyloxy) -1,3 diisocyanatobenzene,  4,4ôï(5-Azidopentane-2,2-diyl)diphenol starting 

from1,1,1-tris(4-hydroxyphenyl)ethane, 5-hydroxyisophthalic acid and 4,4ô-bis(4- 

hydroxyphenyl) pentanoic acid. Using these difunctional monomers clickable aromatic 

polyester and polyamides containing pendent propargyloxy , allyloxy or azido functional 

groups were synthesized by interfacial polycondensation. Further the copolyesters and 

copolyamides were Post-functionalized by alkyne-azide or thiol-ene click reactions using 

representative azides or thiols. 

 
                    (i) Post-modification approach       (ii) Functional monomer approach 
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Abstract 
 
Block copolymers (BCP) carrying immiscible segments undergo microphase 
separation and thereby generate a library of well-orderednanostructures, wherein the 
domain sizes are controlled by the block lengths.1BCP nanostructures have been 
extensively studied owing to their diverse applications, ranging from photonics, 
lithography, energy storage and membrane technology.2Thekey parameters, among 
several others, that regulate morphologyevolution in BCPs are relative volume ratio 
of the blocks and the segregation strength(ɢN); obtaining nanostructures with small 
length scales (< 20 nm) has been a longstanding challenge. 
Recently, we demonstrated that sub-10 
nm microphase separated domains can 
be created using periodically grafted 
amphiphilic copolymers (PGACs);3,4 
crystallization of the pendant and/or 
backbone segments further stabilize the 
nanophase morphologies. Further, we 
demonstrated that the lamellar size can 
be fine-tuned by varying the length of the 
ñclickedò pendant PEG chains.4 In the present study, the backbone segment length 
(i.e., the periodicity of grafting) has been varied using a simple strategy of 
condensing different Ŭ,ɤ-alkane dicarboxylic acid chlorides (A) with a suitably 
designed ñclickableò diol (B), as shown in the scheme; using azide-yne click reaction, 
MEPEG550 is subsequently grafted to enable immiscibility-driven folding and 
generation of lamellar morphology. Based on detailed investigations using DSC, 
WAXS, SAXS, and variable temperature FT-IR studies, the evolution of the lamellar 
morphology and the variation of the inter-lamellar spacing has been rationalized; 
further studies to understand the effect of replacing the linking ester units along the 
polymer backbone to H-bonding moieties, like amide, carbamate and urea, are 
currently underway.  
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Scheme - Synthesis and structure of clickable parent polyesters and PEG clicked derivatives; and a plot 
showing the variation of lamellar spacing with the diacid length
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Abstract 
 
In this symposium, I will introduce our recent results how to construct dynamic self-
assembled nanostructures exhibiting switchable functions, inspired by life systems. 
For example, synthetic tubular pores are able to undergo open-closed switching 
driven by an external signal. The pore-switching mediates a water pumping action for 
the dehydrative cyclization of AMP nucleotide. When self-assembled tubules embed 
DNA inside the hollow cavities, the DNA-coat assembly undergoes collective motion 
in helicity switching in physiological conditions. In the case of toroid assembly, the 
static toroids are able to undergo spontaneous helical growth when they switch into 
out-of-equilibrium state, similar to microtubules. Moving from 1-D to 2-D structures, 
the internal pores are able to form chiral interior which selectively capture only one 
enantiomer in racemic solution 
with perfect pore performance. I 
will discuss recently discovered these 
results with their biological 
implications.       
 
 
 
 
 
 
 
 
 
 
 
 

Several Examples of Supramolecular Machines. 
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Abstract 
 
Spontaneously assembled supramolecular polymers, albeit having an internal order, 
lack structural accuracy in mesoscopic scale unlike controlled/living covalent 
polymerization by chain growth mechanism. ñLiving supramolecular polymerizationsò 
(LSP) can be realized by kinetically trapping the active monomer in a dormant state 
and initiating the polymerization by an externally added seed resulting in well-defined 
structure with controllable length and dispersity. We have recently developed a 
widely applicable new strategy for LSP. The monomer (NDI-1) contains a 
naphthalene-diimide (NDI) chromophore-appended carboxylic acid functionality 
which is well known for its multiple H-bonding motifs. In a hydrocarbon solvent 
decane, it showed spontaneous aggregation (NDI-1agg) producing irregular fibrillar 
network by inter-molecular H-bonding among the carboxylic acid groups. However, 
by fine tuning the solution preparation protocol, NDI-1 could be trapped (same 
solvent and concentration) in a meta-stable dormant monomeric state (NDI-1mono) in 
which the COOH group was arrested by intra-molecular H-
bonding with the adjacent carbonyl group of the imide 
functionality. NDI-1mono was quite stable under ambient condition 
and did not show any signature of aggregation even after 2-3 
days. However, in presence of a seed (prepared by sonication of 
the aggregate) LSP was realized. We also have shown recently 
remarkable impact of solvent geometry in pathay diversity of NDI-derived building 
blocks and utility in LSP. More recently we have shown, instead of seed, even in 
presence of catalytic amount of DBU or DMAP (Molecular entity instead of seed), 
supramolecular polymerization of NDI-1mono could be realized leading to the 
formation of ultra-thin (2.0 nm) 2D nano-sheet in sharp contrast to the irregular 
fibrillar network produced by the same species under spontaneous aggregation. 
Preliminary mechanistic investigation revealed that DMAP/DBU helped in ring 
opening of the intra-molecularly H-bonded monomer breeding in situ the free acid, 
which, beyond a critical concentration, initiated living supramolecular ring opening 
polymerization (SROP). Furthermore, the initially formed 2D polymer could be used 
as a macro-initiator which enabled chain extension up to subsequent two cycles 
producing much extended nano-sheet (without compromising the structural 
regularity) and thus unambiguously established living nature of the present SROP. 
The presentation will highlight our recent results in this area. 
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Abstract  
 
By working at the molecular level with physical interactions taking place in polymer 
solutions, it is possible to drive and to finely tune macromolecular assemblies in order 
to improve the performance of soft formulations under specified environments. This 
strategy, which has been successfully applied in the development of complex fluids 
with important applications in oil, cosmetics and biomedical industries, finds actually 
new potentialities in the design of tough hydrogels. Indeed, the combination of both 
covalent and physical cross-links within the same architecture is actually one of the 
most promising strategies in this field.At the border between these two domains 
(liquids and solids), we will present in this lecture different functionalities that can be 
used to control macromolecular assemblies in aqueous formulations and describe 
how these functionalities can be used to design covalent hydrogels with improved 
mechanical properties (Figure 1).Based on a simple toolbox including a 
macromolecular backbone and polymer side-chains, with or without added covalent 
cross-links, we will demonstrate the versatility of this approach for the design of 
responsive and reversible assemblies with a special emphasis on the 
structure/properties relationships [1-4]. 
 

 

 

Figure 1. Thermo-toughening of hydrogels under isochoric conditions. 
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Abstract  
 
It is well known that spin coating is widely used for creating ultra thin films spanning 
over large areas. However, the film may rupture during coating itself, particularly on a 
non wettable substrate. Such a sample is generally considered as a waste, as it fails 
to produce a good film. We utilize the physics associated with rupture of a film during 
spin coating and create variety of ordered meso scale structures with different 
materials such as homopolymers,1 polymer blends,2 and liquid crystal.3 We show 
that unlike dewetting of a thin polymer film, which is dominated by the amplification of 
thermally excited capillary waves, spin dewetting is dominated by Marangoni 
Instability in the rapidly evaporating solvent. We finally show some of our recent 
result on spin coating mediated formation of colloidal arrays and a novel, all purpose 
colloidal transfer printing that works irrespective of the nature of the colloidal particles 
and the target substrate.4  
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Abstract  
Self-assemblies of metal complexes have gained considerable attention not only 
because of the inherent properties of the metal ions but also due to the versatility of 
non-covalent interactions when a metal fragment is part of the molecular design.1 Our 
group has investigated the supramolecular polymerization of dichlo(bis)pyridyl Pd(II) 
and Pt(II) metal complexes featuring a -conjugated surface derived from 
oligophenyleneethynylene (OPE).1 The introduction of polar triethylene glycol (TEG) 
chains induces a slipped stacking of the monomer units within the self-assembled 
structure.2 In contrast, remarkably different packing modes (slipped vs. parallel for 
Pd(II)3a and Pd(II),3b respectively) are observed if alkyl chains are attached. This 
distinct self-assembly behavior prompted us to exploit hydrogen bonding synthons to 
explore the possibility of competing packing modes. To this end, we investigated a 
new Pt(II) complex with S-chiral chains and amide groups (Figure 1).4 Detailed 
spectroscopic, microscopic and theoretical studies allowed us to identify two 
coexisting stable assemblies in solution with different molecular packing (slipped vs. 
pseudo-parallel) that do not interconvert over time. These findings in supramolecular 
polymers bear close resemblance to the phenomenon of concomitant packing 
polymorphism that has been observed in crystals. 
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Figure 1. Chemical structure of Pt(II) complex (I) and variable temperature 
UV-Vis (100 M) in methylcyclohexane with a cooling rate of a) 2K min

-1
 , b) 

0.5 K min
-1

 and c) 0.1 K min
-1.  
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Abstract  
 
Aqueous self-assembly of molecular building blocks into ordered architectures, 
polymers and materials opens exciting avenues for fundamental developments in 
nanoscience and applications in biomedical technologies, optoelectronics and 
catalysis (Chem. Rev. 2016). I will present my groupôs recent efforts in controlling 
peptide and glycopeptide supramolecular polymerisations in solution and off surfaces 
(Angew. Chem. 2016, Angew. Chem. 2018), as well as recent efforts on self-
assembled Au(I)-metallopeptides (Chem. Commun. 2015, Chem. Commun. 2018, J. 
Am. Chem. Soc. 2018).Inspired by protein functionality in their biological setting, we 
have produced electrostatic- and redox-regulated supramolecular polymerisations in 
water (Angew. Chem. 2013, Chem. Eur. J. 2015, Polym. Chem. 2015). The synthons 
are based on ɓ-sheet encoded anionic and cationic peptides that form anisotropic 
supramolecular copolymers with a nanorod-like morphology. The materials are 
designed for on-off polymerization in response to pH-, as well as redox-triggers. The 
pH-triggered monomer-polymer transition is simply tuned via thermodynamically 
controlled comonomer affinities, whereas kinetically controlled assemblies are 
achieved only by coupling multiple equilibria through enzyme catalysed redox-
processes, leading to temporal resolution in aqueous supramolecular polymerisations 
(Fig. 1, Angew. Chem. 2017).Balancing out positive non-covalent interactions with 
repulsive forces produces well-defined peptidic nanorods (Chem. Eur. J. 2015, 
Macromolecules 2017). In view of recent reports that anisotropic shapes in the 
design of biomedical carrier materials outperform conventional isotropic structures, 
we are particularly interested in the development of supramolecular multifunctional 
glycopeptide materials and their biomedical applications. 
 

 
 

Figure 1. Transient Hydrogels Mediated by Redox-Responsive Supramolecular Polymerisation 
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Abstract 
 
Self-assembly is emerging as a superior method to prepare adaptive and responsive 
nanomaterials. The structure and function of these materials is entirely determined by 
the dynamic and weak interactions of the constituent molecular ñbuilding blocksò of 
the material. Since the inherent interactions are weak, these versatile materials 
readily respond to even small changes and stimuli in their environment. Moreover, 
these materials are biomimetic and contain large amounts of water, so that 
application in biomedical technology can be foreseen. This lecture will highlight self-
assembled nanocontainers based on cyclodextrins that respond to various external 
stimuli. Amphiphilic cyclodextrins form bilayer vesicles in aqueous solution and the 
surface of these vesicles can be functionalized using host-guest chemistry. Shear-
thinning hydrogels result if the cyclodextrin vesicles are mixed with adamantane-
functionalized polymers, which act as supramolecular cross-linkers. Photo-triggered 
payload release from supramolecular hydrogels is enabled by incorporation of azo-
modified peptides. Polymer-shelled vesicles and polymer nanocontainers are 
obtained if the cyclodextrin vesicles are decorated with adamantane-terminated 
poly(acrylic acid), which can be cross-linked with diamines. Recently, we have also 
shown that this polymer shell is redox-responsive if the cross-linker contains a 
disulfide. The resulting nanocontainers can deliver cargo into cells. 
Magnetoresponsive soft materials are obtained by supramolecular incorporation of 
magnetite nanoparticles into vesicles and gels. Finally, vesicles can be decorated 
with luminescent Ir-complexes and used as contrast agents. 
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Abstract 
 
Infinite periodic minimal surface (IPMS) is a unique surface with three-dimensional 
periodicity and continuity (Fig. 1). We expect that construction of IPMS with proton 
conduction ability will be a potential approach for creating ideal electrolytes for fuel 
cells.  
Recently, we have focused on the development of molecular technology for creating 
IPMSs with a nano-sized cubic lattice, that is to use the self-organization of ñliquid 
crystalsò. Nanostructured liquid crystals are a class of liquid crystals forming well-
ordered molecular assemblies through nano-segregation of incompatible molecular 
segments. A variety of nanostructures with one-, two- or tree-dimensional periodicity 
can be obtained depending on the molecular design of amphiphilic liquid 
crystals.1These liquid crystals have been used for new functional materials. Recently, 
we have strongly interested in bicontinuous cubic liquid crystals forming an IPMS.  
Although these bicontinuous cubic liquid crystals are known to be a class of liquid 
crystals that are difficult to design, we have succeeded in designing liquid-crystalline 
materials exhibiting bicontinuous cubic phases by using various ionic liquids.2-5 In this 
presentation, I will talk about our molecular design for liquid-crystalline molecules 
forming IPMSs. In addition, our strategy to convert these fluidic liquid-crystalline 
materials to polymer materials with keeping the original nanostructures will be shown. 
 
 
 
 
 
 

. 
 
 

Fig1. An illustrated image of gyroid minimal surface 
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Abstract  
 
Transport of ions across biological membranes is facilitated by ion channel proteins. 
Chloride channels are involved in processes such as transepithelial salt transport, 
acidification of cellular compartments, cell volume regulation, etc.[1] Recent studies 
showed that artificial chloride transport into cells leads to apoptosis. Thus, it is of 
prime importance to develop biomimetic systems to facilitate transport of the ion. In 
this lecture, I will present our recent research approaches to design self-assembled 
transmembrane chloride channels. Recently, we have designed bis-alkyl substituted 
fumaramides and realized that the self-assembly of fumaramides largely depend on 
the nature of the end-groups. The bis-cyclohexyl substituted fumaramides give 
intermolecular hydrogen bonded barrel-rosette self-assembly in the lipid bilayer 
membrane and allow selective chloride transport.[2] On the other hand, the bis-
cholate substituted fumaramides give intermolecular hydrogen bonded barrel-stave 
self-assembly to facilitate the transport of chloride ions.[3] We have also studied the 
hydrogen bonding of 1,2-dihydroxy compounds for ion channel formation. A 
bis(ketal)-protected mannitol derivatives form trimeric rosettes with the help of anions 
and these rosettes further self-assemble into ion channels.[4] Chloride transport 
through this channel occurs through a relay-based anion hopping process. A bis(1,2-
dihydroxyl) based system on the other hand form dimeric rosettes which then form 
chloride channels in the membrane.[5] These hydrogen bonded supramolecular 
channels showed apoptotic cell death by perturbing the chloride homeostasis of cells. 
We are now working to apply synthetic chloride transport systems to target cancer.  
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Abstract 
 
Nano-patterned materials exhibit unique properties, such as increased surface area 
and morphology-dependent response. However, obtaining nanoscale patterns 
usually requires the involvement of electron beam lithography, which is limiting when 
device-scale patterns (typically spanning square centimeter areas) are sought. The 
presentation will describe a modular approach for the construction of nano-patterned 
polyelectrolyte multilayers. This approach utilizes the surface patterns that are 
formed spontaneously in thin films of block copolymers as templates, which guide the 
assembly of polyelectrolytes using electrostatic layer-by-layer deposition. The 
presentation will discuss the fundamentals of selective polyelectrolyte adsorption on 
confined nano-domains and will delineate potential applications. 

 
AFM images showing a block copolymer pattern before and after selective deposition 
of a polyelectrolyte (height scales: left image: 5 nm; right image: 15 nm). 
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Abstract  
 
Study of supramolecular polymers has entered an era that demands assemblies with 
more structural and dynamic control. Living supramolecular polymerization has 
emerged as a synthetic strategy to construct supramolecular assemblies with well-
defined structure and dispersity. On the other hand temporal control over dynamic 
materials is now being extended to non-equilibrium regime. While both of these 
controls are desirable, strategies to achieve them have been mostly chemically 
distinct. The synergy between structural and temporal control is important for the 
advent of supramolecular polymers to be employed as functional adaptive materials. 
To gain this symbiosis it is imperative that common strategy is sought. Looking into 
the biological realm can provide a necessary inspiration for the conundrum. We, in 
our laboratory, are driven by this philosophy and are currently trying to develop and 
study a chemical-fuel controlled supramolecular system that not only follows living 
supramolecular aggregating regime but also can be regulated temporally through 
various molecular cues. We have attempted to create thermodynamically stable 
dormant states for the monomers, which can be triggered by various chemical/bio-
fuels to achieve a temporally modulated supramolecular polymerization. This talk 
describes our efforts in designing multi-component supramolecular block co-
polymers (Linear organic heterostructures) via kinetically and thermodynamically 
controlled Supramolecular Polymerization (unpublished results). These unique 
structures made from semi-conducting monomers would be interesting materials to 
control exciton migration, axial p-n junctions and many other new functional 
properties.   
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Abstract 
Remarkable recognition and precise folding properties have rendered nucleic acids 
as useful supramolecular synthons for constructing programed architectures for 
applications in nanotechnology.  However, scalability and fabrication of nucleic acid 
nanostructures still remain a major challenge.  In this context, the basic components 
of nucleic acids, nucleosides and nucleotides, when appropriately modified can serve 
as useful supramolecular synthons and probes.  In this presentation, a simple design 
strategy to construct a new family of supramolecular nucleolipid synthons will be 
presented.  The nucleolipids are made of a heterobicycle-conjugated nucleobase, 
which serves as the head group and environment-sensitive fluorophore, and classical 
fatty acid acyl chains attached to the sugar residue as the amphiphile tail.  
Depending on the type of modification on the base and sugar residues the 
nucleolipids self-organize into supramolecular gels, which show aggregation-induced 
enhanced fluorescence, self-sorting behaviour and surface-switchable properties.1,2 
In the second part of the talk, development of a nucleotide toolbox for labeling nucleic 
acids by using bioorthogonal reactions like azide-alkyne cycloaddition, Staudinger 
ligation and metal-catalyzed reactions will be presented.  This post-polymerization 
labeling method provides access to nucleic acids labeled with variety biophysical 
probes suitable for imaging nucleic acids in cells.4,5 
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Abstract 
Molecular recognition chemistry and supramolecular chemistryhave received much 
attention, owing to their effects on catalytic activity, molecular switches, and 
materials.  Stimuli-responsive supramolecular polymers is relevant not only for 
biological functions but also for a range of other applications.  Our research group 
has employed cyclodextrins (CDs) as host molecules.  In this presentation, I would 
like to introduce our studies to realize sol-gel switching, self-healing, adhesion 
control, and contraction-expansion properties through the formation of inclusion 
complexes with CDs.Adhesion and self-healing material:First, adhesion between 
the host hydrogel with ɓCD and the guest hydrogel with an adamantyl (Ad) group 
was investigated.  The ɓCD hydrogel selectively adheres to the Ad guest hydrogel. 
Next, we prepared effective self-healing materials based on ɓCD and Ad units.  
When two cut surfaces were brought into contact, the two pieces adhered.  The 
adhered materials showed almost complete recovery of the initial material strength.  
The recovery ratio of the rupture strength increased with adhesive time.  
Interestingly, only cut surfaces showed a self-healing property, whereas uncut 
surfaces did not. Photoresponsive materials: Two structural approaches may realize 

supramolecular actuators through hostïguest interactions: a method with a linear main chain 
and one with a side chain in the polymer structure.  We have prepared photo responsive 
supramolecular actuators by integrating hostïguest interactions on the polymer side chains.  
Another supramolecular hydrogels containing CD-based [c2]daisy chains as crosslinkers 
contract and expand through 

photoresponsive sliding 
motions of the [c2]daisy chain. 
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Figure 1. Supramolecular materials based on host-guest 

interactions with cyclodextrins (CDs).  

 

 

Figure 2. Self-healing materials based on host-guest 

interactions.   

Chemical structures (a) and healing behavior (b) 
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Abstract  
 
Many natural proteins or polypeptides (e.g. silk, wool, keratin, collagen, soy protein 
etc.) are useful materials. However, they are prone to chemical or enzymatic 
degradation due to the lability of peptide linkages and hence there is a lot of interest 
in polypeptide mimics having robust non-natural linkages as peptide surrogates.1 
1,2,3-Triazole motif has been established as a stable bio-isostere of peptide linkage.2 
Topochemical Azide-Alkyne Cycloaddition (TAAC) reaction, thermal 1,3-dipolar 
cycloaddition of proximally placed azide and alkyne motifs in the crystal to form 
triazole, has proven to be an efficient method for the synthesis of various triazole-
linked biopolymer mimics.3 Small peptides modified with azide and alkyne that form 
ɓ-sheet like alignment in their crystals could be employed as precursors for TAAC 
reaction to form pseudoproteins.4 We have designed the diphenylalanine derivative, 
N3-Phe-Phe-NHCH2CCH for its topochemical azide-alkyne cycloaddition (TAAC) 

polymerization. This dipeptide adopted b-sheet arrangement as designed, in its 
crystals, but the azide and alkyne were not fitly aligned for their topochemical 
reaction. However, the voids present around these groups allowed them to attain a 
reactive geometry upon heating and their consequent TAAC polymerization to a 
pseudoprotein in a single-crystal-to-single-crystal (SCSC) fashion. This motion led to 
the creation of channels in the product-crystal and it absorbed water from the 
surroundings to fill these channels as H-bonded water wire. The pseudoprotein 
undergo reversible hydration/dehydration in SCSC fashion many times under mild 
conditions; hydration at low relative humidity and dehydration at low temperature. 
Vapor sorption analyses suggest that this fully-organic polymer might be useful as 
energy-efficient desiccant material for controlling indoor humidity and for water 
harvesting from atmosphere.5 
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Abstract 
 
Self-assembly of proteins into higher order super-structures is ubiquitous in biological 
systems. Genetic methods comprising both computational and rational design 
strategies are emerging as powerful methods for design of synthetic protein 
complexes with high accuracy and fidelity. Although useful, most of the reported 
protein complexes lack dynamic behavior that may limit their potential applications. 
On the contrary, protein engineering using chemical strategies offers excellent 
possibilities for the design of protein complexes with stimuli-responsive functions and 
adaptive behavior. However, designs based on chemical strategies are not accurate 
and therefore yield polydisperse samples that are difficult to characterize. In this 
seminar, I will talk about our lab efforts to construct protein complexes through 
bottom-up approach using a supramolecular chemical strategy. Micelle-assisted 
activity-based protein labeling technology has been developed to synthesize library 
of facially amphiphilic synthetic proteins, which self-assemble to make protein 
complexes through hydrophobic interaction. The methodology is amenable for the 
synthesis of protein complex libraries with molecular weights and dimensions 
comparable to naturally occurring protein cages. The designed protein complexes 
display very rich structural diversity, oligomeric states, sizes and surface charges that 
can be engineered through macromolecular design.  The broad utility of this method 
is demonstrated by design of most sophisticated stimuli-responsive systems that can 
be programmed to assemble/disassemble in a reversible/irreversible fashion using 
pH or light as a trigger. 
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Abstract  
 
Precise organization of synthetic macromolecules into well-defined nanostructures is 
relevant in various applications including biomedicine, organic electronics or 
catalysis. Nature displays examples of biopolymers such as proteins that utilize 
directional interactions such as H-bonding as the primary tool for adopting well-
defined conformation, which is essential for their incredible complex functions. To 
emulate the structural elegance and functional diversity of biological system, self-
assembly of foldamers, amphiphilic block copolymers and various other exciting 
hybrid materials such as polymer-peptide conjugates have been studied with great 
interest. However, introduction of specific directional supramolecular interactions into 
polymeric scaffolds and thereby investigating their impact in programming 
macromolecular assembly is still at its infancy. In the recent past, halogen(X)-
bonding interactions have gained renewed interest particularly in the field of crystal 
engineering, while little is known about their influence in solution states. It is 
envisaged that orthogonal self-assembly (systems where more than one type of 
molecular interaction operates independently) of H- and X-bonding motifs can be an 
interesting combination for introducing structural complexity in simple polymeric 
systems. With this idea, we have studied the co-assembly of a polymeric halogen 
bond (XB) donor with an XB accepting aromatic discotic molecule, which can grow 
into a 1D supramolecular polymer (SP) on its own by 3-fold H-bonding and pi-
stacking. Concomitantly, orthogonal X-bonding plays a decorative role by organizing 
the macromolecules or other functional molecules into the periphery of the SP. Such 
unique hybridization of a covalent polymer with its supramolecular analogue by 
orthogonal non-covalent interactions creates higher order structures in solution 
phase with unprecedented stability. This concept of orthogonal self-assembly and its 
generalized implications in macromolecular organization will be the topic of the oral 
presentation.   
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Abstract  
 
Design and synthesis of various glucose based material/polymer architectures have 
attained a significant interest in current chemical technology, biology and medicine 
due to their multi ligand nature, hydrophilic character, possibility of further chemical 
modification, better biocompatibility and ability to mimic glycoproteins in the biological 
systems. We have synthesized glucose based carbon nanotubes (gCNTs) and 
having different pendant chain length (meth)acrylate glucose, galactose and manose  
monomers by using protection and selective deprotection chemistry. Using these 
monomers, we prepared well-defined glycopolymers such as linear, 3- and 4-armed 
polymers and di- and tri-block copolymers with different pendent alkyl chain lengths 
by using living radical polymerization processes. We have employed these gCNTs in 
fabrication of UF membranes for oil separation from industrial oil-water emulsions 
and deacetylated water soluble macromolecular archetectures were prepared to 
understand glucose moieties response on mice and human osteoblast cells in terms 
of cell adhesion, viability and proliferation. Further, these polymer architectures were 
used to achieve bi-ligand functionalized multivalent glycopolymer-gold nanoparticle 
complexes. Details of the synthetic protocols, characteristics and achievements of 
these novel glucose based materials/polymers will be discussed in our presentation. 
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Abstract 
 
The synthetic polymers have revolutionized our modern life in such a way that we 
can´t imagine spent a day without using it. The successful story of polymers is mainly 
due to its light weight, durability, design-flexibility and cheap price. For the 
applications purposes, apart from replacing the metals, woods or stones, quite often 
the inspiration for the design of manmade polymers comes from the Nature. In this 
regard, the sources of bio-inspiration are very diverse and occur at different scale i.e. 
macroscopic, microscopic and molecular level. We already have remarkable 
progress on mimicking strategies at the macroscopic level, for example many 
researchers have mimicked the superior mechanical, optical, self-repair, stimulus-
responsive, or surface properties of biomaterials using synthetic polymers and to 
some extent at nanoscale as well by self-assembly of block copolymers.1 However, 
such mimicry at molecular level is most challenging mainly due to the gap between 
structurally-defined biopolymers (sequence-defined primary structure) such as 
nucleic acids, proteins, and polysaccharides and polydisperse synthetic polymers 
prepared by classical polymerization techniques such as chain-growth or step-growth 
polymerizations. Quite recently, there has been a surge interest in developing 
sequence-controlled polymers that are inspired by Nature, but that are chemically 
different from proteins and nucleic acids.2 In my presentation, I will discuss our 
approaches for this emerging field of sequence-controlled polymerizations.3a,b Apart 
from the synthesis, I will also discuss the microscopic and molecular level folding of 
such sequence-controlled polymers by using either non-covalent interaction or 
covalent linkages. In a slightly different context, I will also demonstrate the potential 
applications of sequence-defined polymer for information storage purposes.4 
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Abstract  
 
Amyloids are considered as remarkable biopolymers and they are formed from 
proteins with very different amino acid sequences; the individual proteins constituting 
the amyloid fold predominantly into a ɓ-sheet structure. The formation of the amyloid 
fibrils occurs through non-covalent interactions between primarily the ɓ-sheets, 
causing the monomers to stack into fibrils. The aggregation of Ŭ-synuclein is believed 
to play an important role in Parkinsonôs and other neurodegenerative diseases.  ȷ-
synuclein is an abundant brain protein of 140 aminoacids and is naturally present in a 
natively unfolded state due to the very high net (negative) charge at neutral pH and 
low intrinsic hydrophobicity of the molecule. In this study, our aim is to investigate the 
effect of an indole based molecule that could act as inhibitors for synuclein fibrillation. 
The tryptophan introduces indole moiety in the molecule (Trp-PDP-Trp). The study 
will exploit the effect of this newly developed molecule on the anti-fibrillation and the 
disaggregation behaviour of Ŭ-syn/Ŭ-syn fibrils. The amine groups along the termini 
of the tryptophan could offer hydrogen bonding interactions to the amino acids of 
synuclein. The indole N-H also could offer N-H---ˊ hydrogen bonding with aromatic 
aminoacids of the protein. The PDP offers a vibrant three dimensional conformation 
for effective binding to the protein. The hydrophobic central PDP could reinforce 
hydrophobic interactions with amyloid peptides as well. All these factors together 
could influence the normal fibrillation process in Ŭ-synuclein. The tryptophan-hexyl-
tryptophan (Trp-hexyl-Trp) has also been synthesized as control to understand the 
role of pentadecyl phenol spacer as compared to a linear spacer. 
 

 
Figure : Morphology of  (a) Ŭ-synuclein fibrils formed at a concentration of 50 ɛM at pH 7.4 in tris buffer incubated 
for 7 days with seeding(b) Ŭ-synuclein fibrils inhibition in presence of  Trp-PDP-Trp (molar ratio 1:1), (c) Ŭ-
synuclein fibrillation in presence of  Trp-Hexyl-Trp (molar ratio 1:1)  
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Abstract 
 
Polysaccharide based nanostructures are finding increased interest in chemotherapy 
and controlled delivery of drugs owing to the biocompatibility and non-toxic nature. 
Cellulose and hemicelluloses modified with natural molecules showed self-assembly 
in solvents into vesicular or tubular micro/nano morphologies. Nano-fibrillated 
cellulose modified by controlled regio-selective amidation with oleylamine (OA) 
showed self-assembly into unilamellar vesicles of 5-6 µm diameters with a wall 
thickness of 200-400 nm in tetrahydrofuran (THF) at 2.5 mg mL-1 attributed to the 
folding into bilayers driven by long cis-unsaturated aliphatic chains in polar aprotic 
solvents stabilized by hydrogen bonded interactions whereas the modified xyloglucan 
system showed tubular assembly owing to the branched structure. These results 
indicated a novel strategy to tailor the micro morphologies formed by self-assembly 
of polysaccharides by fine tuning the structure of the polymer architecture for 
possible applications in biomedical field. 
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Abstract 
 
Machinery of life was developed biologically in long-term evolutionary processes, and 
there is no protocol about the experiments, which finally succeeded. Chemists have 
been successful with synthesis, isolation and analysis but not with the reproduction of 
the working molecular apparatus. The introduction of yoctowells as a surface-
engineered phenomenon allowed us to address one of the great challenges on 
nanoscale level ï the separation, containment and manipulation of individual 
molecules and allow studying molecular interactions. The primary motivation to work 
with such membrane yoctowell cavities instead of proteins was strain after simplicity, 
which would make it possible to answer some simple biological questions 
experimentally on nanoscale level, which are difficult to approach in complex 
biological modules. 
We recently became interested in the design and synthesis of novel TPE luminogens 
and their supramolecular self-assembly to produce variety of nanostructures such as 
star shaped, controlled helical, highly efficient near-IR solid emitter, metal organic 
framework, and use in various applications such as sensing of organic volatiles, pH 
sensor, bioimaging, and donor-acceptor system for solar cells.1-5 We have shown for 
the first time that achiral TPE molecule bearing alkyl chains can induces chirality in 
supramolecular helical structures, and helicity shown to be controlled use of odd and 
even carbon chains. We have also shown that use of dumbbell shape TPE having 
long alkyl chain produced flower-like morphologies. This talk will focus on discussion 
of innovative and cutting-edge research program on smart functional material on the 
nanoscale level and their applications such as molecular recognition, environmental 
(purification, separation), energy (solar cells), and drug delivery. 
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Abstract 
 
The self-assembly of polymer molecules into spherulites is commonly observed 
duringpolymer crystallization. Recently there have been reports on the formation of 
spherulites from concentrated cellulose/ionic liquid solutions in the presence of an 
anti-solvent.1,2 This study involves investigation of cellulose spherulites in 
concentrated microcrystalline cellulose (MCC)/1-Allyl-3-methyl imidazolium chloride 
(AmimCl) solutions due tocontrolleddiffusion of  water. A film of 20 wt% MCC/AmimCl 
solution confinedbetween two coverslips,is exposed to water such that the diffusion 
of water occurs only through the edges. All experiments are conducted at specific 
temperature and humidity. The greater affinity of AmimCl to water leads to local 
rearrangement of cellulose moleculescausing the self-assembly of cellulose 
molecules to form spherulites. The effect of film thickness on themorphology and 
kinetics of cellulose spherulites growthisstudied by means of polarization optical 
microscopy (POM). Irrespective of the film thickness, the diameter of the spherulites 
is observed to grow linearly during the early stages of crystallization, followed by a 
plateau.While positive spherulites of ~500 ɛm average diameter formed in thinner 
films(~100 ɛm),relatively smaller spherulites of average diameter ~300 ɛm are 
formed when the film thickness increased to ~500 ɛm.In the latter, secondary growth 
of shish-kebab-like morphologies and elongated spherulites, extending from the 
edges of the film to the inner regions, are observed at different planes, probably due 
to the relatively faster diffusion of moisture. The temperature induced melting 
behavior of cellulose spherulites is also studied. 
 

 
Figure 1(a) secondary growth and (b) shish-kebab like morphologies found in thicker film and (c) shows 
large spherulites found in thinner film. 
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Abstract 
 
Functionalization of conjugated polymers with chiral moieties like the amino acids are 
known to confer homochirality to the parent conjugated polymer. Homochiral 
materials have the ability to perform chiral sensing as well as enantioselective 
separation. Although asymmetric synthesis is one of the most common methods 
reported for obtaining chiral materials (1), they have the limitation that high 
enantiomeric purity can be acheived only for exceptionally enantioselective reactions. 
In this regard, protected L-glutamic acid appended polyfluorene was shown to 
achieve efficient heterogeneousenantioselective separation and chiral sensing of a 
widevariety of substrates from their aqueous racemic mixture (2). 
In this work we present optically active polyfluorenes bearing protected chiral amino 
acids (D & L Aspartic acid) as pendant groups. Mesoporousanodic aluminium oxide 
(AAO) membraneswith 200 nm pore size were used as support for the immobilization 
of these chiral amino acid appended polyfluorenes.D or L Aspartic acid appended 
polyfluorene dissolved in tetrahydrofuran (THF) as solvent was passed through the 
alumina membrane under suctionto generate enantioselective chiral porous 
membranes. The chiral polymer immobilized alumina membranes demonstrated 
selective uptake and high enantiomeric separation of D and L phenyl alanine as a 
representative chiral molecule from their equimolar racemic mixture.Circular 
dichroism (CD) spectroscopy was used to demonstrate the enantioselective 
separation.  
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Abstract  
 

Biodegradable block copolymer nano-scaffolds are emerging as important area of 
research for various applications in drug and gene delivery, bio-imaging and tissue 
engineering in cancer treatment. The thesis work is emphasized to engineer new p-
conjugated fluorescent polycarprolactone (PCL) block copolymer nano-assemblies 
as efficient intracellular enzyme-responsive nano-carriers for both drug delivery and 
bio-imaging in cancer cells. New carboxylic substituted caprolactone monomer was 
synthesized through tailor-made approaches and employed in controlled ring opening 
polymerization to yield narrow molecular weight carboxylic functional 
polycaprolactone block copolymers. Hydroxyl functionalized p-conjugated oligo-
phenylenevinylene (OPV) chromophore was designed and it was incorporated in the 
substituted polycaprolactone block copolymer via ring opening 
polymerization.  These unique triple block nanoparticles showed excellent stability 
and selective rupturing in the presence of lysosomal esterase enzyme. In 
vitro studies indicate that these blue fluorescent block copolymers self-assembled 
into PCL nano-particles for delivery of doxorubicin.[1] New fluorophore-tagged 
biodegradable polycaprolactone (PCL) block copolymer FRET-probe was also 
developed for intracellular imaging in cancer cells.This blue-luminescent OPV-PCL 
triblock self-assembled as < 200 nm spherical nanoparticles (FRET donor) and it 
encapsulated water insoluble Nile red (NR, FRET acceptor) to yield OPV-NR FRET 
probe. Selective photo excitation of OPV chromophore in block copolymer nano-
assemblies enabled the excitation energy transfer from the OPV to NR and facilitated 
the efficient FRET process in aqueous medium.[2]  This approach was expanded to 
make new classes of red-luminescent PCL block copolymers using perylenebisimide 
as chromophore. These red-luminescent biodegradable nano-assemblies were 
employed for cellular imaging in cancer cells. Additionally, the carboxylic PCL block 
copolymer provided unique opportunity to address the problem of Pt-drug resistance 
in breast and ovarian cancers.  These perylene based tri-block PCL-copolymers were 
complexed with cisplatin aquo complex to produce PCL-cisplatin produgs. The triple 
block nanoparticles are stable under physiological condition and selectively degrade 
in the presence of lysosomal esterase enzyme to deliver drug.  
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Temporally controlled growth[1] has aroused interest in the scientific community as a 
tool to control the structural properties[2] of supramolecular polymers such as 
dispersity and size and functions via programmable transient lifetime.[3-4] Research 
so far has tended to focus on systems showing such a kinetic control rather than 
building novel design strategies as a generic approach. The current challenge 
involves the creation of novel dormant states that can be actuated via a fuel for a 
kinetically governed supramolecular polymerization for a wider range of molecular 
designs.[1] Recently, our group has ventured to create novel thermodynamic dormant 
state[5] that is activated by chemical fuel, similar to natural systems, to attain 
controlled dispersity and size in 1 and 2-dimensions. In our approach, we designed a 
coronene tetrapotassium salt (CS) or pyranine (PN) donor and methyl viologen 
benzaldehyde (MVCHO) acceptor to form a non-assembling CT complex. The 
aldehyde group act as the reactive center for the nucleophilic reaction of amine to 
form imine bond that converts a non-assembling dormant CT complex to an activated 
amphiphilic structure that can spontaneously undergo supramolecular 
polymerization.. Interestingly, the nature of amine added renders the specific 
property to the supramolecular motif thus formed. The imine bond is dynamic 
covalent bond and responsive to pH, hence by exploiting its pH dependency, the 
kinetics of imine bond formation and therefore self-assembly was controlled for a 1- 
or 2-dimensional supramolecular polymerization. The retarded nucleation-elongation 
growth also renders a control over dispersity and size via a living supramolecular 

polymerization. 
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Abstract 
Hierarchical organization of light-responsive ˊ-systems are widely explored because 
it enables the modulation of the functional properties associated with the self-
assembly pathwayupon photoisomerization. However, light responsive 
metallosupramolecular assembly is rare because the introduction of metal result in a 
rigid system thereby making it dormant to light. Herein, self-assembly and photo 
responsive behavior of a ˊ- (L1) and corresponding metal (Pd)-ˊ system (C1) has 
been elucidated with a detailed mechanistic insight. Target ligand L1 undergoes 
complex time-, temperature- and concentration-dependent self-assembly pathways 
driven by amide H-bonding leading to fiber-like associates via various intermediate 
structures. Irradiation with UV light leads to a reversible transition from long to short 
fibers, leading to a reversible sol-to-gel transition. On contrary, Pdcomplex C1with 
amide functionality (N-H) and Cl(-Pd) directs a novel N-HéCl driven 
assembly1leading to the attenuation of the supramolecular growth into short thin 
fibers. More interestingly, we monitored a reversible transition of long thin fibers to 
short thin fiber upon irradiation of C1 with UV light. Thus, a reversible long to short 
thin fiber transformation leading to a sol-gel transition of a metallosupramolecular 
assembly by UV light is demonstrated. The mechanism of self-assembly and photo 
responsive behavior of a ˊ- and corresponding metal (Pd)-ˊ system (Scheme 1) has 
been elucidated with UV-Vis, 1D and 2D NMR,AFM investigations and 
comprehensive semi-empirical calculations.2In conclusion, these results shed light on 
the effect of light and metal incorporation on the self-assembly pathway of a discrete 
photoresponsive ˊ-system. 
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Scheme 1. Self-assembly and photoresponsive 
behavior of L1 and C1. 
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Abstract 
 
Polyurethanes (PUs) are specialty polymers found in many markets, such as 
coatings, paints, elastomers, adhesives and, of course, foams. Nonetheless, the 
current industrial pathway for the synthesis of conventional polyurethanes involves 
the use of toxic isocyanates to react with polyols. The combination of fossil resources 
price variations together with environmental and health concerns pushes scientists to 
develop green chemistry strategies in the course of polymer synthesis. To that 
purpose, the development of bio-based monomers and the use of safe chemicals 
and processes are two main challenges that we address in this study. Indeed, among 

the routes to non-isocyanate PUs, the polyaddition between a bis-cyclic carbonate (bisCC) 
and a polyamine, leading to poly(hydroxyurethane)s, PHUs, bearing pendant hydroxyl 
groups linked to the polymer skeleton, is quite promising. Nevertheless, this pathway still 
presents some limitations such as rather low reaction kinetics and the low PHUsô molecular 
weight generally obtained.1Strategies investigated at the Laboratory to overcome such 
limitations, that include the design of óactivatedô cyclic carbonates2 and the use of reactive 
extrusion process3 will be discussed in this presentation. 
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Abstract 
 
Two kinds of polysaccharides are common in nature: cellulose, characteristic of the 
plant kingdom, and chitin, found in members of the animal kingdom. Together they 
are the most abundant organic materials in nature. About 1010 to 1012 tons of chitin is 
synthesized per year by arthropods (insects & crustaceans), molluscs and fungi.  The 
main biological function of chitin is structural. Chitin as well as oxygen (50 to 85 % of 
what is available in the globe) is produced by phytoplanktonôs using sunlight, water 
and other mineral resources available in water.  One species of plankton alone 
produces 100 billion tons of chitin per year.Chitin is essentially -1,4- linked polymer 
of 2-acetamino-2-deoxyglucopyranose and constitutes significant part of crustacean 
(shrimp, prawn, crab, lobster, etc.) shells.More significantly, chitin contains a nitrogen 
atom per repeat unit and can be an excellent source for the production of a series of 
nitrogen-containing organic chemicals in a sustainable manner.1,2 Few important 
chemicals such as N-acetyl glucosamine3, N-containing amino sugar alcohol and 
acetyl monoethanolamine have already been synthesized from chitin.2,4,5 Every year, 
some 6 million to 8 million tonnes of waste crab, shrimp and lobster shells are 
discarded.  For example, about 40 % of the shrimp is edible and remaining 60 % 
account for the processing discards, causing diverse environmental problems. In 
some countries, waste shells are often just dumped in landfill or the sea.Crustacean 
shells are 20ï40 % protein, 20ï50 % calcium carbonate and 15ï40 % chitin.6In 
recent years, chitin and its derivatives, being biodegradable and non-toxic, have 
generated interest in various fields such as biomedical, pharmaceutical, food and 
environmental industries.7  Similarly, calcium carbonate, the other component 
present in the shell, has extensive applications in the pharmaceutical, agricultural, 
construction and paper industries. It currently comes mainly from geological sources 
such as marble and limestone. These sources are plentiful but might contain heavy 
metals that are difficult to remove. Currently, large-scale production of chitin from the 
shell waste is done by the chemical method, independent of the composition of 
crustacean shells. This method consists of two harsh chemical treatments in 
sequence:  demineralization and deproteinization using a mineral acid and 
concentrated sodium hydroxide, respectively.8 This process enables the separation 
of chitin alone while eliminating calcium carbonate as calcium salt, an effluent.  For 
example, to separate 100 g of chitin from crab shell waste, ~ 1 L (972 mL) of 35% by 
weight of hydrochloric acid is required.  In addition, it releases 220 g (112 L at STP) 
of carbon dioxide into the atmosphere9 which was trapped by crustaceans during the 
mineralization process.10 In fact, mineralization is sequestration of carbon dioxide by 
aquatic animals carried out for the formation of a reinforced exoskeleton.10The 
chemical process of separation of chitin is destructive, wasteful, expensive and 
hazardous to the environment and is known to produce a very large quantity of 
contaminated water.There have been several alternative reports on deproteinization 
of chitin. Biotechnological method is thought to be a green alternative method for 



79 
 

chitin extraction, which may enable the recovery of protein as amino acids.11,12 But 
the lack of efficiency in deproteinization required subsequent chemical treatments.13 
Effective elimination of protein is important for biomedical application as the fraction 
of people allergic to crustacean proteins is large.The limit of residual protein content 
for pharmaceutical grade chitin/chitosan is 0.3 %. Recently, treatments using ionic 
liquids,14-16 deep eutectic solvents,17 subcritical water18were reported for isolation of 
chitin. However, the protein present in the shells, which are important source of 
carbon and nitrogen, has been given less consideration in these methods. 
In so far as mineral recovery from the crustacean shells is considered calcium 

carbonate is separated by burning organic matter present in shells of  the chicken 

egg, cockle and oyster, at high temperature, since they possess less organic content 

(~5 %).19Although crab shell can be considered as a source for mining calcium 

carbonate in addition to chitin, the burning of ~30 % organic matter present and 

recovering calcium carbonate (70 %) would be energy intensive and could produce 

undesirable air pollutants. On the other hand, if the proportion of the organic content 

in crab shells can be reduced then recovery of calcium carbonate could be carried 

out as in the case of oyster shells. 

The facile and sustainable separation of chitin, protein and calcium carbonate 
from the shells of shellfish is a challenging task.  The best method known to date for 
commercial production of chitin is the chemical method and it is not sustainable due 
to the reasons stated earlier.  A simpler method of deproteinization and 
demineralization or one of the two along with effective use of the organic content 
present in the shells is the need of the hour.  We have been working on developing 
sustainable methods to separate chitin from the crustacean shells.  Thus we have 
developed three independent methods, namely, treatment with hot glycerol,20 
hydrothermal treatment with 2 weight % urea21 and treatment with the crude extract 
from pineapple fruit waste22.  We have also developed a novel and simple method of 
separating calcium carbonate (without converting it to calcium chloride) from crab 
shell waste involving mechanical grinding followed by separation by density and 
thermal treatment.  The method, for the first time, enables the recovery of calcium 
carbonate present in the shell refinery under milder conditions.  In this talk*, the 
details of the methods developed by us for sustainable separation of chitin from 
crustacean shells shall be presented in detail.   
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Abstract 
 
Cellulose is a biodegradable, low cost, most abundant renewable agro-polymerthat 
has gained tremendous attention for manufacturing advanced materials. The ability 
to convert cellulose from waste biomass into ultrafine dimensions has further 
expanded the property portfolio and scope of application for this biopolymer. 
Nanocellulose refers to two different types of nanomaterials: short, low aspect ratio 
cellulose nanocrystals or cellulose nanowhiskers (CNC or CNW) and long, high 
aspect ratio cellulose nanofibrils(CNF).CNCs and CNFs are attractive as mechanical 
reinforcements and rheology modifiers.In this talk, we will report our recent work on 
nanocellulose (CNC and CNF) based composite materials with emphasis on tailoring 
the morphology and surface of nanocellulose and leveraging its properties in 
applications such as ferroelectric energy harvesters, polymer electrolyte membranes, 
pickering emulsions and microencapsulation. 
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Abstract 
 
This presentation highlights the challenges and opportunities towards replacing 
conventional fossil based plastics with biobased and biodegradable plastics in 
Engineering, Commodity and Biomedical Applications. Biopolymers extracted from 
renewable feedstock such as plants, marine animals, insectsetc. have limited 
applications in large scale plastic production. Among various bio-based synthetic 
plastics, poly(lactic acid) (PLA) has made its own place due to its biodegradability 
and potential to replace conventional fossil based plastics. The properties such as 
melting point, heat deflection temperature and gas barrier propertieshave 
limitedtheiruseinhigh temperature commodity and engineering applications. However, 
these limitations can be overcome by developing a new class of high molecular 
weight stereocomplex PLA (sc-PLA). In this context, we have synthesized sc-PLA 
and its sc-PLA-bionanocompositesby using different biobased nanofillers which 
includes cellulose nanocrystals, silk nanocrystals, modified chitosan, etc. The GPC 
analysis reveals that the synthesized stereo-complex based bionanocomposites 
hasnumber average molecular weight higher than 100 kDa. The formation of 
stereocomplex crystallites is confirmed by the XRD analysis. Melting point of the 
composite is increased to >225°C which suggests the formation of stereocomplex 
crystallites. Further, thehead distortion temperature is enhanced upto ~155°C 
atnanofillerloading of 5 wt%. Due to the presence of various bionanofillers, ultimate 
tensile strength is enhanced significantly. Based on the studies, it can be concluded 
that bionanofillersare good candidates for enhancing the stereocomplexation in the 
PLA.Further, fabrication strategies for synthesis of stereocomplex-PLA-
bionanocomposites and evaluation of their properties along with possible applications 
will be discussed.This talk also introduce other bionano-fillers, their use in the 
development of bionanocomposites, caste films, trays for food packaging, injection 
molded products for biomadical and in hydrogen storage and supercapacitors for 
energy applications. 
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Abstract 
 
Recently, in authorsô laboratory, novel functionalized biopolymeric hydrogels have 
been synthesized via free radical polymerization.1-7ɓ-Cyclodextrin, dextrin, glycogen 
have been used for further functionalization to develop the hydrogels. The 
synthesized gels are biodegradable, non-cytotoxic. They demonstrates excellent gel 
strength, show shear thinning behavior and are stimuli-responsive. The fabricated 
gels are capable to load different drugs substantially, released them in the targeted 
area in sustained manner, which make them efficient drugs carrier. 
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Abstract 

 
With continuous depletion of petrochemical feedstock and their rising prices, the 
chemical industry is now looking for alternative renewable and sustainable materials. 
Till date a number of researchers have reported various possible chemistries to 
produce high performance functional materials from renewable resources. These 
materials have been proved to be suitable replacements for their petroleum 
counterparts in resin synthesis, adhesives, paints, coatings, composites, 
constructions, pharmaceuticals, food applications etc. In view of this, we have 
explored few of the renewable resources including vegetable oils and fatty acids, 
Tartaric acid, Citric acid, Cashew nut shell liquid (CNSL), vanillin etc. for their various 
modifications and suitable applications in coatings. In addition, this research also 
focuses on development of polyols, polyamines, epoxies and hybrid materials based 
on renewable resources to be used as coating components. Major applications of 
these modified chemistries include anticorrosive, flame retardant and radiation 
curable coatings. The work also explains modification of vegetable oils, fatty acids as 
well as hydroxy acids for various curing chemistries for development of solvent borne 
and waterborne coatings. As a contribution to greener concepts in polymer synthesis, 
development of isocyanate free polyurethanes derived from natural resources and 
their applications in coatings are also discussed. 
Keywords: Renewable resources, Coatings, CNSL, vanillin, Binders 
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Abstract 
 
To meet the ever-growing needs of polymer industry, over dependence on petroleum 
industryfor feedstock is an issue. The rising costs of feed-stock, non-renewability, 
non-biodegradability, non-sustainability and raising environmental concerns demands 
exploration of sustainable alternatives.Besides providing feedstock for polymers, 
petroleum refining industries are too involvedin generating waste mainly, elemental 
sulfur (S) in irrepressible quantities, and demands effective measures to tackletheir 
abundance. Phenols and their derivatives are omnipresent in polymers.In current 
work, potential of renewable phenols in a new class of phenolic thermoset polymers, 
polybenzoxazine, PBz will be discussed. PBzs emerged as superior class of resins 
due to their attractive thermo-mechanical and flame resistant properties.The 
materials revealed good adhesive properties. Further such benzoxazine monomers 
effectively demonstrates their capability to chemically link to elemental sulfur to form 
copolymers, with new scope of applications as cathode materials in battery 
applications. Current work illustrates waste utilisation and fixation to form polymers 
enhancing their scope of applications towards sustainable future. 
 

 
Fixation of elemental sulfur (petro-waste) in cardanol (agro-waste) benzoxazine monomer 
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Abstract  
 

The utilization of renewable feedstock for the development of polymeric material is 
attracting attentions due to concerns about the sustainability development necessity 
to develop more ecofriendly material. World production of major oilseeds has 
increased from 331 million tonnes to 529 million tonnes in the last decade. Vegetable 
oils are used for cooking, various industrial uses (personal care, cosmetics, soap, 
perfume, candle, wood treatment, coating, biofuel, hydrolyic fluid, insulator fluid, 
lubricant, additive chemicals and polymers). Vegetable oils are one of the cheapest 
and most abundant, annually renewable natural resources, sustainable and 
biodegradable. Triglycerides in vegetable oil contains fatty acid chains, with 
unsaturation, hydroxyl, epoxy and carbonyl groups which are reactive sites for further 
functionalization. Epoxy resins are an important class of materials which are used 
extensively in electrical, automobile and other applications because of their excellent 
properties. Biobased polyols are used in major polyurethane applications to provide 
an alternative to petroleum based polyols. 
In the present study effectiveness of vegetable oils  (i.e. karanja, cotton seed, algae, 
tung, mahua, soyabean oil) as renewable alternative feed stock for synthesis of 
polyurethane (foam and coatings) and bioepoxy resin were examined (fig. 1). Various 
properties were compared with their petroleum analogues and various applications 
were tested. 

 
                    Fig. 1: Schematic scheme showing vegetable oil to bioepoxy resin and polyurethane 
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Abstract  
 
Design and development of polymer based controlled drug delivery systems are 
emerging as important areas of research to target specific organ or host location in 
cancer therapy. Among the various challenges, delivering multiple anticancer drugs 
from single polymer nano-carrier is a unique concept to address the tumour 
resistance to the individual drug molecules through combination therapy. In this work, 
new class of enzyme responsive polysaccharide (dextran) nano-vesicles were 
designed and developed to address several challenges in drug delivery. Renewable 
resource amphiphile was utilized as structure directing agent to bring appropriate 
vesicular self-assembly in dextran backbone. Carboxylic functionalized dextran was 
tailor-made for the chemical conjugation of cisplatin drug. DNA-intercalating drug 
doxorubicin.HCl (DOX) and topoisomerase type I inhibitor drug camptothecin (CPT) 
were used in combination with cisplatin to produce dual or triple drug loaded 
vesicular nano-carrier. These dextran vesicles exhibited unique shielding effect for 
Pt-polymer drug conjugate against glutathione (GSH) detoxification under 
physiological conditions.[1] In vitro cytotoxicity studies revealed that free cisplatin was 
highly detoxified by the GSH in breast cancer cells whereas the enhanced stability of 
Pt-stitched dextran vesicle against GSH facilitated ~ 99 % killing in breast cancer 
cells. Biotin tagged multi-responsive dextran derivatives were also made and 
employed for targeted drug delivery of DOX in cervical cancer cell line.[2] Fluorescent 
dextran vesicles were custom designed by conjugating tetraphenylethene (TPE) in 
the polymer backbone and the resultant vesicles were found to be luminescent via 
aggregation induced emission (AIE) process. These fluorescent TPE-dextran 
vesicles were encapsulated with different anticancer drugs or fluorescent dyes to 
construct Turn-On bio-probes as well as FRET bio-probes for theranostic 
applications. Further, the dextran vesicles were used for delivering MLN 8237, 
Aurora kinase A inhibitor, to study the anchorage independent growth in breast 
cancer cells.[3] Attempt was also made to deliver the cisplatin and MLN 8237 together 
to achieve better therapeutic efficacy in 3D cell model. The presentation will be 
focussed on the design parameters of polysaccharide vesicles and demonstrates the 
potent application of these vesicles in bioimaging and drug delivery to cancer cells. 
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Abstract 
 
Chemoenzymatic polymerization using proteases is an environmental friendly and 
atom economical method of polypeptide synthesis. This method uses reverse 
reaction of proteases under mild aqueous conditions. By this method, we have 
successfully synthesized many of the novel polypeptides including mimicking some 
of the natural structural proteins like, spider silk and elastin. Recently, we 
successfully polymerized proline, valine which has low affinity for proteases. Using 
tripeptide strategy, we sandwiched proline between glycine units resulting in the 
polymerization of tripeptide GlyProGly. We also synthesized ValProGly tripeptide and 
ValGly dipeptide ester and copolymerized them using chemoenzymatic 
polymerization. The poly(ValProGly-co-ValGly) showed temperature dependent 
structural transition similar to elastin, resembling most repeated sequence of elastin, 
namely, ValProGlyValGly. The post-polycondensation of this repeated sequence 
showed specific secondary structure and thermal behavior similar to elastin. Using 
the same tripeptide strategy, we have incorporated unnatural amino acids into the 
peptide backbone. By introducing unnatural units, we can tune the properties of the 

peptides. We have sandwiched w-aminoalkanoic acid units (nylon monomer unit) 
between glycine (Gly) or alanine (Ala) units. The 
resultingtripeptideesterswerechemoenzymaticallypolymerizedusingpapain. The 
polypeptides containing approximately 33 mol% nylon units showed a melting point 
above 200°C. The nylonunitincorporationintothepolypeptidebackbone, which in turn 
reducedtheintermolecular hydrogen 
bondingamongthepeptidechaininducingmeltingbehavior. This results in 
themeltingofpolypeptidebeforedegradation. Hence, thenylonunit in 
thepolypeptidebackboneinducedthemeltingbehavior. 
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Abstract 
 
Rational design of polymeric architectures with well-defined structural features is 
required for controlled delivery of potential antibacterial agents in water filtration 
system. Here, surface selective crosslinking of ultrafiltration polyvinylidene fluorideï
styrene maleic anhydride (PVDF-SMA) membranes by copper oxideï
polyphosphoester (CuO-PPE) hybrid nanogels with antifouling and antibacterial 
characteristics was developed. Based on the solubilization of lipid bilayers of 
bacterial membrane by SMA copolymer as immiscible blend in PVDF and interaction 
with phospholipids, these polyphosphoesters are degraded by the active enzymes 
secreted by bacteria and resulted in accelerated CuO nanoparticles (NPs) release. 
The CuO NPs composed into the hydrophilic shell of PEG-PPE and subsequently 
grafted to PVDF-SMA by alkyne-addition reaction. The distinctive antibacterial and 
antibiofouling performances of the crosslinked PVDF-SMA membranes could be 
imparted from the unique structure and the controlled delivery of copper ions. 
Moreover, these modified PVDF-SMA membranes are durable and possess long-
term stability due to the strong covalent interaction between CuO-PPE and PVDF-
SMA. Flux, porosity and protein adsorption studies were performed for the pristine 
and modified PVDF-SMA membranes and found an enhanced flux and better 
recovery ratio for the modified one due to the pendant PPE groups (from CuO-PPE) 
and prohibiting irreversible protein adsorption on the PVDF surfaces. The cytotoxicity 
of CuO-PPE is greatly reduced because effective coverage of CuO NPs by 
biocompatible PPEs. This study opens up the fabrication of ñsmartò inorganic 
nanoparticles can be confined into soft hybrid polymeric gel network and control the 
release of ions for preventing from ubiquitous bacterial treatment in water filtration 
system.  
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Cellulosic Materials for Sustainable Circular Economy 
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* E-mail: Virendrakumar.Gupta@ril.com 
 

Concept of circular economy is gaining traction and today industries have started 
taking steps to align themselves with the future industrial trends [1]. In this context, 
cellulose and its derivatives perfectly suits the purpose due to its abundance, 
biodegradability and renewable origin. There are several potential markets for 
cellulose based materials for both low and high end markets. These include pulp and 
paper, food additives, organic cosmetics, personal care products [2], structural 
materials, and for high end applications such as printed electronics and batteries [3]. 
Chemically modified cellulose was synthesized and chemically cross-linked to 
improve the water absorption capacities of unmodified cellulose. The cross-linked 
cellulose showed marked enhancement in water retention capacity, therebyuseful for 
utilization in varied applications and contributing to sustainable circular economy. 
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Abstract 
The structural environment, cell-biomaterial interaction, and biological signals 
incorporated in the scaffold played an important role in tissue development. 
Naturally-derived materials have desired biological properties but limited mechanical 
strength or fast degradation profiles make them unsuitable for clinical applications. 
We discuss an approach for the design of a dendritic polyglycerolsulfate (dPGS) ï 
polyethylene glycol (PEG) hydrogels by strain promoted azide-alkyne cycloaddition 
reaction with an overview over the results obtained from chondrocyte encapsulation 
studies.[1]dPGS is a highly branched 
polysulfated heparin analogues with high 
anti-inflammatory activity.Degradability was 
introduced in the dPGS hydrogels by 
preparing a strained cyclooctyne terminated 
PEG-polycaprolactone linker.[2] 
Heparan sulfate (HS) moieties are cell 
surface molecules which is involved in the 
infection of manyviruses, including 
herpesviruses, and arteriviruses, through 
facilitating their internalization. Cellular HS mimicking sulphated nanogels (NGs) 
based on dPGSwith different flexibility are prepared by the inverse nanoprecipitation 
techniquevarying two different spacers,dendritic and linear polyglycerols.[3]In addition, 
the effect of flexibility of these NGs towards the inhibition of herpesviruses will be 
discussed. Cellular uptake of these sulphated and hydroxylated NGs were tested in 
vitro in HUVEC, macrophage, and HeLa cells.The sulphated NGs have higher 
propensity to be uptaken by HUVEC and macrophages compared to hydroxylated 
NGs. Furthermore, these observations were confirmed by injecting these NGs 
intravenously in a zebrafish embryo.[4]Hydroxylated NGs were long circulating 
whereas sulphated NGs were accumulated in the endothelial walls of claudal vein.[4] 
The hydroxylated NGs were mainly accumulated in the granuloma areas 
significantlywhen they were injected intravenously in a tuberculosis model in a 
zebrafish embryo.[5] 
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Abstract 
 
A new aromatic diacid monomer, viz., 5, 5ô-dimethoxy-6, 6ô-bis (prop-2-yn-1-yloxy)-[1, 
1ô-biphenyl]-3, 3ô-dicarboxylic acid was synthesized starting from bio-based vanillic 
acid. A series of new aromatic (co)polyamides containing pendent alkyne groups 
were synthesized  by Yamazaki  polycondensation reaction  of  5, 5ô-dimethoxy-6,6'-
bis(prop-2-yn-1-yloxy)-[1,1'-biphenyl]-3,3'-dicarboxylic acid or different molar  ratios of 
5, 5ô-dimethoxy-6,6'-bis(prop-2-yn-1-yloxy)-[1,1'-biphenyl]-3,3'-dicarboxylic acid and  
isophthalic acid with 4,4-oxydianiline. Inherent viscosities of polyamides were in the 
range of 0.46 to 0.79 dL/g indicating formation of reasonably high molecular weight 
polymers. The effect of incorporation of pendent alkyne groups on polymer properties 
was examined by TGA, DSC and XRD analysis. The synthesized polyamides   
containing alkyne groups   were post modified by copper catalyzed azide ïalkyne 
click reaction. 
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Abstract 

There is a serious toxicity issue 
with the amine by products of 
polyurethanes (PUs) made from 
commercial diisocyanates which 
cause several serious health 
hazards. To address this toxicity, 
series of N-BOC protected 
diesters, diamines and 
diisocyanates were synthesized from renewable resources like amino acids and 
diols. The polyurethanes made from these diisocyanates can address the toxicity 
problem of amine by products of commercial PUs. The diamines and N-BOC diesters 
are useful for the synthesis of non-isocyanate based 
polyurethanes/hydroxyurethanes. All these monomers (diester, diamine and 

diisocyanates) are thermally stable up to ~230  ̄ C. The synthesized polyurethane 
from 1, 10-decane diol and isoleucine based diisocyanate (DD-ILDI) and 
polyethylene glycol (PEG-2K) is readily degradable in phosphate buffer saline pH 7.4 

at 37  ̄C up to 15% in 30 days, whereas it is completely degraded with 1N NaOH in 
just 4 hrs. Amino acids are the degradation products of these polyurethanes and are 
biocompatible when studied in-vitro. Both the PU and its degradation products has 
shown excellent cell viability with HEK 293T cells from Nanogram to milligram 
concentrations. The studies proved that these polyurethanes/hydroxyurethanes 
made from these new degradable monomers are promising for the development of 
bio implants, medical devices and bioplastics with superior properties. 
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Detection and Treatment of Fungal Disease using Smart Polymers 
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Abstract 
 
Fungal diseases are a growing problem in the tropics and can be fatal for patients 
with supressed immune systems. Treatment often requires the use of relatively toxic 
drugs such as amphotericin B. Therefore, increasing the efficacy of this and similar 
drugs addresses a significant need. On the otherhand detection of fungal infections 
and differentiation from bacteria is a key goal in the fight against antimicrobial 
resistance. Here we describe a branched polymer with amphotericin end groups. We 
show how the polymer binds to its usual target, ergosterol, and retains antifungal 
activity. The polymer responds to the binding of the target by desolvation of polymer 
chain segments and we report early indications of increased activity against some 
strains of fungi. The MIC against two strains of Candid albicans were 1.23 (SC5314) 
and 1.0 (ATCC90028) µmol of amphotericin mL-1 compared to MICs against the same 
strains of 0.48 amd 4.76 µmol of amphotericin mL-1  for amphotericin B not attached 
to the polymer. The action of the polymer against fungi is in contrast to our previously 
reported work on similar polymers, which respond to bacteria (by desolvation) but did 
not kill the organisms. We tentatively propose that the maintenance of the efficacy is 
associated with increasing local concentration of the amphotercin ligands and the 
potential for the desolvated globule to disrupt the cell membrane.  Importantly the 
polymer showed no toxic effects to corneal epithelial cells even at concentrations as 

high as 5 mg ml-1. In contrast amphotericin B was toxic at and above 10 mg ml-1. 
Improved and faster diagnosis can inform treatment and negate strategies such as 
polypharmacy.    
 
 
 
  
 
 
 
 
 
 
We have, therefore, developed a diagnostic device that carries three HB-PNIPAM 
polymers functionalized with ligands for Gram-negative, Gram-positive or fungal 
infections. Each of these polymers is attached to a methacrylic hydrogel membrane. 
These three classes of organism can then be attached the membrane as shown in 
Figure 1. Importantly in this immobilized format the amphotericin HB-PNIPAM does 
not kill fungi. The device has been sown to be effective for sampling infections in in 
vivo. 

S.aureus P.aeruginosa C.albicans 

Figure 1 Bacteria and fungi attached to hydrogel functionalzed with H-PNIPAM carrying ligands each 
class of organism 
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Abstract 
 

As arsenal of antibiotics dwindle, increasingly more effort is being focussed on the 
development of novel strategies to tackle drug resistant bacteria. This talk focusses on 
our efforts in engineering new polymeric materials to tackle antimicrobial resistance 
and infection.1 Recently we have developed various biocompatible/biodegradable 
water-insoluble and organo-soluble antimicrobial paints from synthetic and natural 
polymers to prevent infections.2 We have also developed a variety of water-soluble 
macromolecules as potent antimicrobial peptide mimics that are selectively active 
against microbes and re-sensitize obsolete antibiotics.3 In another set of studies, 
injectable hydrogels were developed which are inherently bioadhesive and 
antimicrobial, and shown to possess wound-healing properties thus suitable to combat 
surgical site infections.4 Further, both injectable and preformed antimicrobial hydrogels 
were developed to deliver antibiotics/antimicrobial agents locally to combat topical/deep 
tissue infections.5 
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Abstract 
 
Synthetic polymers have played critical roles in the success of many clinical 
applications and are widely used for drug delivery, drug conjugation and as implants. 
Focus of our laboratory at the Centre for Blood Research, University of British 
Columbia (www.cbr.ubc.ca) is tailoring the molecular level interactions of synthetic 
polymers with biological systems to design novel biomaterials in a translational 
setting to address unmet clinical needs. Bacterial attachment and growth on the 
surface pose major challenges to the optimal performance of indwelling catheters 
and devices. For example, catheter-associated urinary tract infections (CAUTIs) 
represent one of the most common hospital acquired infections with significant 
economic consequences and increased patient morbidity. Antimicrobial and 
antifouling coatings on implant or device surface offer an important solution to 
address this important clinical problem. In this talk, I will discuss various strategies 
we developed based on anti-adhesive polymer coating towards antifouling surfaces. 
Further, the development of antibiofilm coatings with broad spectrum activity and 
long-term durability based on tethered polymers and antimicrobial peptides will be 
discussed. Finally, translation of the developed technology onto a clinically relevant 
biomedical plastics, polyureathane (PU), and the demonstration of the antibiofilm 
activity in mouse infection models will be presented. 
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Abstract  
 
Polymeric biomaterials have become increasingly interesting in medical 
science over the past few years. With the increasing demand for a biomaterial 
with better acceptability and functionality to the biosystem, stress has been 
focused on the development of newer materials. The major requirements for 
biomedical applications are nontoxicity, the ability to be sterilized, mechanical 
properties and the most important one is the biocompatibility of the material 
with the biological systems. The development of polymers with bioactive 
coating is an important area of research focused on solving the problem of 
contamination by infection in wound care systems. We have observed that a 
bioactive component may be incorporated within the hydrogel matrix to make it 
infection resistant. Herbal drugs and essential oils have been incorporated into 
either natural hydrogels like chitosan, pectin and dextran by blending 
approach. A wide range of natural bioactive agents such as aloe vera, 
curcumin, sandal wood oil, clove oil and honey are available to develop 
excellent materials for wound care. These dressings have been evaluated in 
wound healing using mouse as the animal model. Excellent healing with 
minimum scar by hydrogel dressings has been observed.The innovation of 
present work is to reconstruct the surface of polymers at nano level in such a 
way that it acquires antimicrobial nature without much altering its bulk 
properties which are quite appropriate for suture application. The 
nanoconstruction can be carried out so that surface chemistry of the material 
is selectively altered. For this we have followed plasma processing as the 
mean for the surface modification. The most attractive feature of the plasma 
processing is that by exerting proper control over the exposure conditions 
such as exposure time, plasma power and gas flow, a tailored surface with 
desired chemical functionality and morphology may be produced.  
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Abstract 
Theranostic based nanomedicine plays a crucial role in the field of cancer 
therapy. This is due to having the capability to combine both therapy and 
diagnosis together in single system. Herein a new class of metal-ligand based 
nanocarrier in a polymer backbone has been designed as a theranostic system. 
To prove the MRI capabilities of copolymer nano-aggregates, NMR experiment 
is performed at room temperature. Cell viability studies suggest the 
biocompatibility nature of the copolymer. Flow cytometry as well as epi-
fluroscence microscope experiments clearly demonstrate the dual-imaging 
ability of the newly designed copolymer. The much higher relaxivity ratio (r2/r1) 
of the present method clearly establishes the superiority of our system as one of 
the best contrast agent known to the practitioners of magnetic resonance 
imaging.   
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Abstract 
 
Delivery of therapeutic agents to treat diseases such as tumors, osteoarthritis and 
tuberculosis need systems that deliver the drugs in a controlled manner for prolonged 
periods of time. Nanotechnology-based controlled drug delivery systems possesses 
unique advantages over conventional treatment such as increased bioavailability by 
enhanced permeation and retention effect (EPR), increased retention time and 
controlled release over a period of time. Various kinds of ceramic-based 
nanoparticles (NPs) were reported as bone graft substituents and drug delivery 
vehicles. Development of new bone-filling materials using hydroxyapatite (HA)-
polymer composites are of much interest due to their similarity with bone minerals, as 
well as their osteoconductive and mechanical properties.  In this study, model NPs 
with HA core were grafted with poly(vinyl alcohol) (PVA) shell to deliver methotrexate 
(MTX) in a sustained manner. The NPs were characterized using various techniques. 
Grafting efficiency on HA NPs was in the range of 44-52 wt%. MTX was conjugated 
to the grafted PVA resulting in a drug payload of 20 wt%. MTX as well as 
gemcitabine and a model protein such as bovine serum albumin were also loaded 
onto the NPs by physical absorption. In vitro release data showed that combinational 
delivery of two drugs or one drug and a protein was possible for several days from 
the NPs. Biocompatibility studies of these NPs performed in osteosarcoma MG-63 
(OMG-63) cell line showed dose-dependent cytotoxicity of the NPs. 
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Abstract  
 
Natural structures such as eggs, embryos, plant seeds, vegetables like the onion, 
and body parts like the spinal disc, all have multiple concentric layers surrounding a 
central core. Each layer typically has a unique compositions and thereby a distinct 
function. The synthesis (morphogenesis) of these structures in nature typically 
proceeds in an ñinside-outò fashion, where a core is formed initially, followed by a first 
shell and then additional shells. Taking inspiration from the above, we have 
developed an inside-out technique to synthesize a range of soft materials. First, we 
have created ñonion-likeò polymeric capsules with multiple concentric shells 
surrounding a gelled core [1]. Each polymer shell is formed by free-radical 
polymerization. A given shell grows outward from the surface of the previous shell; 
thus, the shell thickness steadily increases with time and can be controlled. Using 
this technique, we can juxtapose widely different polymers next to each other in a 
capsule, as shown, for example, in Figure 1. The resulting capsules exhibit a range 
of unusual properties. One specific property to highlight is the ability of capsules to 
rapidly swell due to gas evolved from a reaction in the core; such swelling can be 
violent enough to eject the core. Multilayered structures in nature also exist in other 
geometries. Our blood vessels are examples of multilayered tubes, while many 
tissues in our body have outer layers of hairs called villi and microvilli. We have 
extended our inside-out technique to cylindrical and planar geometries to create 
polymeric multilayered tubes and hairy surfaces. The multilayered tubes exhibit 
spontaneous changes in tube diameter in response to the properties of the flowing 
liquid, which is reminiscent of blood vessels. The hairy surfaces absorb solutes much 
more efficiently than a bare surface, akin to the villi-covered surfaces of the 
gastrointestinal tract. 
 

 
 

Figure 1. Multilayer capsule with one layer responsive to pH  
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Abstract  
 
If a material can be introduced without a surgical procedure, treats the disease, and 
does not harm surrounding tissues throughout its full lifecycle in vivo, this represents 
a significant advance as a biomaterial.  Such minimally invasive installation can be 
achieved using hydrogels by simply injecting a polymer solution into a target space, 
followed by crosslinking. The solution eventually becomes a hydrogel and fills the 
space inside the body.  However, with regard to the final destination, conventional 
hydrogels have undesirable properties (i.e. swelling) that compromise their 
morphological and mechanical compatibility in vivo.  Indeed, the swelling pressure 
exerted by conventional hydrogels is sufficiently large to cause severe adverse 
reactions to surrounding tissues.  In this respect, we report here a new class of in situ 
forming hydrogels that guarantee safety throughout the full life cycle.  The oligo-
TetraPEG hydrogel has an extremely high water content and a polymer content of 
only 4.0 g/L, resulting in an exceptionally low 
swelling pressure.  
 The oligo-TetraPEG hydrogel was 
successfully injected and gelled inside a 
living body within a clinically relevant 
manipulation time and little cytotoxicity.  The 
oligo-TetraPEG hydrogel exhibited an 
appropriate stiffness, similar to that of soft 
tissue, with extremely low swelling pressure 
thus being compatible with living tissues.  
The oligo-TetraPEG hydrogel functioned as 
an artificial vitreous body for over a year 
without any adverse effects, and was 
effective for treating retinal detachment as 
an intravitreous tamponade material.  
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Abstract 
 
Microbes are ubiquitous in our world and are continuously interacting with us. Along 
with beneficial ones such as Lactobacillus, we are also exposed to pathogenic 
microbes such as Salmonella, Escherichia and Mycobacteria. Due to uncontrolled 
use of antibiotics in recent times, these pathogenic microbes are progressively 
becoming resistant to them. These drug resistant microbes have emerged as a 
significant health challenge of this century. Polymers with antimicrobial activity have 
shown immense promise in tackling this emergent health crisis. Synthetic 
antimicrobial polymers derived from natural precursors are expected to discriminate 
between the microbe and the mammalian host cells better than the current regimens. 
We have been engaged in the design, synthesis and characterization of antimicrobial 
potency of chemical polymers derived from natural precursors. We employ 
polyaspartamides as the modular, biocompatible and biodegradable precursors that 
are amenable to chemical functionalization towards antimicrobial applications. In this 
talk, I will cover our efforts in the direction of creating polymers that show potent and 
selective killing of Mycobacteria,both in planktonic as well in biofilm form.1,2We also 
demonstrate the ability of these polymers to target Mycobacteria residing within the 
confines of host macrophages that act as safety refuge for these microbes.2In 
addition to these promising results, I will also discuss our recent efforts in the 
direction of templated polymerization of dopamine to obtain antifouling coatings on 
biomedical surfaces such as latex catheters.3 
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The ubiquitous expression of mannose-6-phosphate receptor on majority of human 
cells makes it a valid target in the quest to deliver therapeutics selectively to the 
lysosome. These receptors, which include the ~300 kDa insulin-like growth factor-II 
(IGF-II)/cation-independent (CI) multifunc-tional transmembrane glycoprotein 
mannose 6-phosphate (M6P) receptor (CI-MPR), bind lysosomal enzymes containing 
phosphomannosyl residues in the trans-golgi network (TGN) and transport them to 
an acidified compartment of lysosomes. Synthesis of high molecular weight M6P-
glycopolypeptide having pendant M6P moieties in side chain as a natural mimic of 
proteins bearing M6P moieties can help us understand the complexity and 
individuality of CI-MPR trafficking for lysosomal targeting. In addition, amphiphilic 
glycopolypeptides bearing mannose-6-phosphate can be self-assembled into 
vesicles, micelles and nanorods. This lecture will discuss the cellular uptake of 
mannose-6-phosphate gly-copolypeptides and soft nanostructures made from these 
glycopolypeptides. An end functionalized polyvalent (M6P-GPs) with high molecular 
weights (Up to 22 KDa) have been synthesized via NCA polymerization. These 
synthetic M6P-GPs were found to display minimal toxicity to cells in vitro and show 
exceptional selectivity for trafficking into lysosomes in various cell lines. Comparison 
of cellular uptake behavior of M6P-GP and the corresponding Mannose-GP polymer 
reveals that incorporation of phosphate moiety at the 6-position of mannose 
completely alters its trafficking behavior and becomes exclusively lysosome specific. 
We also demonstrate that trafficking of M6P-GPs in mammalian cells is likely 
associated with the CI-MPR receptor pathway. 
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Abstract  
 
Controlled drug delivery technology is one of the most rapidly growing areas of 
science in which chemists, pharmaceutics and chemical engineers are contributing to 
human healthcare. Controlled drug delivery systems provide several advantages as 
compared to conventional dosages in terms of improved efficacy, reduced toxicity, 
improved patient compliance and convenience. A variety of synthetic and natural 
polymers are extensively used for designing the control drug delivery systems but 
precise control of drug requires modification of polymer either to regulate the release 
rate or to target delivery of drugs. In this report, we emphasize on the chemical and 
physical modifications of synthetic and polymers from renewable resources to realize 
the regulated delivery of drug. Various forms of vehicles like hydrogel, scaffold, 
patches are developed for improved healthcare. Cellular studies and animal models 
are explored to understand the mechanism of action and efficacy of the delivery 
vehicles.  
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Abstract 

The endoplasmic reticulum (ER) is one of the most important organelles controlling myriads of 
cellular functions including protein folding/misfolding/unfolding, calcium ion homeostasis and lipid 
biosynthesis. Subsequently, due to its functional dysregulation in cancer cells, it has emerged as 
interesting target for anti-cancer therapy. However, specific targeting of ER in cancer cells remains 
a major challenge due to the lack of ER-selective chemical tools. Furthermore, for performing 
multiple cellular functions ER is dependent on nucleus through complicated cross-talk. To address 
this, we have engineered a supramolecular self-assembled hexameric rosette structure from two 
small molecules: tri-substituted triazine and 5-fluorouracil (5FU). This rosette structure consists of 
ER-targeting moiety with fluorescence tag, ER-stress inducer and nuclear DNA damaging drug 
simultaneously, which further self-assembled into ER-targeting spherical nano-scale particle (ER-
NP). These ER-NPs internalized into HeLa cervical cancer cells by macropinocytosis and 
specifically localized into ER to induce ER stress and DNA damage leading to cell death through 
apoptosis. Interestingly, ER-NPs initiated autophagy, inhibited by a combination of ER-NP and 
chloroquine (CQ) to augment cancer cell death. This work has potential to exploit the concept of 
supramolecular self-assembly into developing novel nano-scale material for specific sub-cellular 
targeting of multiple organelles for future anti-cancer therapy.   
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Abstract 
Polymeric multi-component conjugation mediated by targeting biomarkers and 
nanoparticles has immense clinical implications. The talk will highlight, óseed and soil 
theoryô of cancer metastasis progression, the detection, and enumeration of 
circulating tumour cells  (CTC) from cancer patients blood1-2. CTC analysis is 
implicated for early-stage metastasis detection as a prognostics value, for monitoring 
cancer relapse, and in personalized cancer therapy.3-5 CTC measure is associated 
as a non-invasive óreal-time liquid biopsyô. However, capturing CTCs endure high 
challenge due to their very low abundance in blood (1 CTC per million other blood 
cells)3. The CTC capturing technology was approved by USFDA (CellSearch) and 
remain unmet need in India. The technology is prohibitively expensive. The detection 
and enumeration of CTCs offers the utility with respect to prognosis in epithelial 
origin cancers, example, breast, colorectal, head and neck, and prostate cancers etc. 
The OncoDiscover platform consist of magneto-polymeric nanosystem which is 
synthesized through series of chemical reactions. The talk will feature - CTC 
targeting, rapid isolation, and imaging of cancer cells using clinical blood samples in 
monitoring disease progression. OncoDiscover, technology has been clinically 
evaluated with regulatory permissions and guidelines (FDA-India/ Drug Controller 
General, India). Finally, the talk will disclose clinical validation outcome using cancer 
patients blood samples. OncoDiscover óLiquid Biopsy Technologyô offer availability 
and affordability with immense clinical benefit to cancer patients in India.   

[1] Paget, Lancet, 1:571,1889.  
[2] Fidler IJ, Nat. Rev. Cancer, 453, 2003. 
[3]  Lucci, et al, Lancet Oncology, 2012.  
[4]  Science, 5969, 1072, 2010. 
[5] Khandare, et al, Adv Mat Interface, 2017.  
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Figure 1. Fabrication and Targeting of Modular Micellar 

Systems. 
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Abstract 
 
In recent years polymeric micellar systems have emerged as an important class of 
nano-pharmaceuticals due to their capability to improve pharmacokinetics and bio-
distribution of chemotherapy drugs, along with reduction of systemic toxicities. While 
micellar delivery systems inherently benefit from passive targeting through the 
enhanced permeation and retention effect leading to increased accumulation in the 
tumor, additional active targeting through surface modification of micelles with 
targeting groups specific for over-
expressed receptors of tumor cells can 
further increase their efficacy. In this 
presentation, fabrication of non-toxic, 
biodegradable, and modularly tunable 
micellar delivery systems using 
dendron-polymer conjugates will be 
disclosed (Figure 1).1,2 AB and ABA 
type dendron-polymer constructs 
poly(ethylene glycol) based hydrophilic 
component and hydrophobic polyester 
dendrons as hydrophobic constructs 
are used as primary constructs to 
fabricate micelles. These micelles can be doped with an AB type dendron-polymer 
containing a cRGDfK targeting group as secondary constructs to actively target 
cancer cells over-expressing Ŭɡɓ3/Ŭɡɓ5 integrins. Increased drug release from these 
constructs was observed under acidic conditions, compared to that in neutral 
environment. Enhanced cellular internalization of Nile red doped micelles by MDA-
MB-231 human breast cancer cells was observed for targeting group bearing 
micelles. In vitro cytotoxicity experiments on MDA-MB-231 breast cancer and A549 
lung carcinoma cells exhibited improved toxicity for the targeted micelles. Overall, it 
is established that targeting group containing micellar constructs fabricated with 
dendron-polymer conjugates provides a promisingdrug delivery platform due to their 
facile synthesis, excellent stability in biological media and their preferential targeting 
of cancer cells.  
The Ministry of Development of Turkey (2009K120520) is acknowledged for financial 
assistance. 
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Abstract 
 

Co-ordination assisted self-assembly of the macromolecules is one of the unique 
approaches to achieve a stimuli-responsive monodispersed nano-formulation (NF) 
applicable in biomedicines. The stimuli-responsive structural reorganization property 
of these NF's draws an enormous attention in the field of NF based biotherapy. 
Herein we came up with two different types of smart-formulation showing stimuli-
responsive structural deformation followed by their therapeutic performance towards 
the specific biological environment. Firstly, the macromolecule, pentaerythritol 
poly(caprolactone)-b-poly(acrylic acid) form Fe+3 ion induced light-responsive NF with 
the unique structural arrangement as like spherically shaped human brain. The DOX-
loaded NF undergoes structural deformation in the presence of light and shows a 
release of DOX molecule (85.2% at 120 min). Administration of the DOX-loaded NF 
to C6 glioma rat model (in vivo) offered tremendous inhibition (Ḑ91%) of tumor 
growth without any toxic side effects. Secondly, mannose conjugated antimicrobial 
polypeptide, poly(arginine-r-valine)-mannose undergoes Zn2+ ion induced self-
assembly into a NF with a unique structural appearance as like Taxus baccata fruits. 
The NF uptake by the bacterial membrane led structural deformation followed by 
exposing of free polypeptide molecules. These molecules are enforced to lysis the 
bacterial membrane followed by diffusion of cytoplasmic component out of the 
membrane that culminates final death of bacteria (MIC values varies from 0.67 to 
2.55 ÕM). Indeed, NFôs remain non-toxic against both the mammalian as well as red 
blood cell as reflected from their higher order of cell viability (ι 80%) and very 
insignificant hemolytic effect (᾽13%). Hence, metal ion assisted self-assembly 
approach brings about a new therapeutic window, where the fully exposed 
macromolecule can be formulated into compact NF with enhanced therapeutic 
performance.  

*Speaker 
 
 
Reference: 
ñMetal Ion Ornamented Ultrafast Light-Sensitive Nanogel for Potential in Vivo Cancer 
Therapyò by Sudipta Panja, Goutam Dey, Rashmi Bharti, Pijush Mandal, Mahitosh 
Mandal and Santanu Chattopadhyay*, Chem. Mater. 2016, 28, 8598ī8610. 
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Abstract  
 
Electrospun nanofibers have been extensively utilized in clinical applications such as 
antimicrobial patches, wound dressings, drug delivery systems owing to their tunable 
morphological properties. Our proposed hypothesis of enhanced antibacterial activity 
using thiocarbohydrazide modification of gelatin was evaluated. Curcumin was 
blended along with modified gelatin into nanofibrous mats by electrospinning using 
50% acetic acid solution to enhance the bioavailability of the hydrophobic curcumin 
for wound treatment. Further, crosslinking of nanofibres was performed in order to 
determine the efficiency for drug release application. The electrospun curcumin 
loaded thiocarbohydrazide gelatin nanofibrous mats were studied for curcumin 
release at different pH for wound healing application. This demonstration improved 
antibacterial activity against E.coli and enhanced in vitro wound healing results. The 
results provide a different material using functionalized gelatin nanofibers prepared 
via electrospinning technique at clinical level.  
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Abstract  
 
Primary objectives of gene therapy are to correct the genetic defects that underlie a 
disease process and to provide supplemental therapeutic modality through genetic 
engineering. Over 75% of current gene therapy is performed using viruses as gene 
delivery vehicles. However, with viruses, there are serious concerns over the issues 
of toxicity, immunogenicity, payload gene size limitations, and difficulty in scale up for 
industrial production. Non-viral vectors therefore have attracted attention from 
academic and industrial point of view. Among the non-viral vectors, polymeric 
systems offer several important advantages. Since two decades, much progress has 
been made towards designing polymeric gene carriers with high transfection 
efficiency and low cytotoxicity and in elucidating the relationship between their 
structure and gene delivery performance. However, effective delivery of nucleic acids 
such as DNA, siRNA, transcription factors for successful treatment of various fatal 
diseases possess unique challenges that have not yet been fully addressed. First, 
polymers are tremendously versatile and can provide physical, chemical, and 
biological properties that are necessary for gene delivery applications. Second, 
polymers can be synthesized in parallel synthesis pathways for high-throughput 
screening of biocompatibility and transfection efficiency. Third, various formulations, 
designs, and geometrics can be made from polymeric materials for specific types of 
gene delivery applications. Moreover, the surface chemistry of polymers can be 
easily modified with biological ligands for site specific targeting in the body. The need 
for a safety and biocompatibility approach extends to in vitro investigations, as 
modifications intended for in vivo applicability can significantly affect both in vitro and 
in vivo performance.  
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Abstract 
 
Cancer is the life-threatening disease even in the present day. The heterogeneous 
nature of cancer microenvironment is the greatest obstacle to cure the patient to lead 
a healthy life. Despite the clinical success of several small molecular 
chemotherapeutics against tumor; it is an unprecedented challenge to get desire 
pharmacokinetics of a particular drug with minimum adverse side effect as small 
molecular drugs nonspecifically distribute throughout the body.1 Additionally, many 
medications such as peptide and protein, antibody, vaccine and gene-based drugs, 
in general, may not be delivered using common route because they might be 
susceptible to enzymatic degradation or cannot be absorbed efficiently due to 
molecular size and charge issues. Thus functionalized natural /synthetic polymers 
are intensively used encapsulation of therapeutic agents and deliver to the target 
place. Typical sub-microscopic particle size (10-200 nm) and stealthy surface nature 
of polymers, allow them as an efficient- vehicle for targeted drug delivery. Recently, 
ñtheranosticò a combination of chemotherapeutic and diagnostic tools become an 
attractive strategy in clinical medicine.  It can improve the biodistribution and 
systematic administration of therapeutic in the target place; additionally, the 
diagnostic tool in the nano-formulation can collect the information on state and status 
of disease before and after specific treatment.2 In this context, we have developed 
endogenous stimuli-responsive theranostic in a combination of the optical modulator 
and chemotherapeutic agents; which released chemotherapeutic agent to the target 
cancer cells upon encountering with overexpressed enzymes/co-enzymes and 
various reactive oxygen species (ROS) in cancer cells.3-4 The extent of active chemo- 
release to the target cells was estimated by fluorescence modality. The polymer-
supported theranostic have shown receptor-mediated endocytosis with 
chemoselective activation of chemotherapeutic agents in cancer cells. 
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Abstract  
 
The growing need for new, functional, biologically active materials has arisen from 
our inability to detect and treat many diseases with traditional therapies or 
procedures. Nanomaterials are showing great potential in the fields of biomedicine 
and biology not only due to their unique size-dependent properties but also since 
their size is on a similar scale as that of proteins and other biomolecules. This 
presentation will focus on strategies for making carbon dots customized to have 
desirable properties for various bio-applications in drug delivery and bio-imaging. For 
instance, despite the promising photo-physical properties of fluorescent graphene 
quantum dots (GQDs), their cellular toxicity needs to be addressed before their full 
potential could be completely realized in biomedicine. A simple method for mitigating 
the toxicity of GQDs by embedding them in PEG matrix will be discussed. These 
more biocompatible p-GQDs have enhanced loading and efficient intracellular 
delivery of therapeutics. In yet another example, the talk will highlight the development of a 

fluorescence carbon dot based platform, which can detect changes in pH in the cell 
microenvironment. pH values in living system plays important role in deciding rate of 
chemical reactions, health of organ, tissue or body. Variation in pH can be used to detect and 
monitor a disease. Organic pH sensitive fluorescent dyes have been developed which show 
pH sensitive change in fluorescence output. These dyes suffer from problems of photo 
bleaching or toxicity or both. The developed carbon dot based pH nanosensor can be 
encapsulated with live cells in transparent spherical PEG microgel using droplet based 
microfluidics and UV photo-polymerization. The fluorescent carbon dots have excitation 
dependent emission, which was found sensitive to changes in pH in the range of 10 to 4. The 
intensity of emission increases as the pH is lowered and becomes more acidic. Since, the 
nanosensors can sense pH changes in the physiologically relevant range of 7.6 to 5.8, the 
developed system can be used to study biological process or disease progression in 3D. As 
an example of the application of these pH nanosensors, development of a platform for 
sensing bacterial growth will be discussed.The platform can differentiate between resistant 
and non-resistant strains of E.coli in ~ 6 hours, which is better than currently used clinical 
methods. 
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Abstract 

 

A facile method for fabricating protein-sequestered liquid crystal microemulsion 

droplets based on the uptake of surface-engineered protein-polymer surfactant (PS) 

core-shell nanobioconjugates will be described in the talk. Uptake of myoglobin (Mb-

PS), bovine serum albumin (BSA-PS), Zn-porphyrin myoglobin (ZnIX-Pr-Mb-PS), 

horseradish peroxidase (HRP-PS) and glucose oxidase (GOx-PS) occurs without 

structural or functional degradation, and gives rise to sequestration within the interior 

or at the surface of 4-cyano-4/-pentyl biphenyl (5CB) nematic droplets depending on 

the net surface charge of the protein-PS conjugate. We use differences in uptake 

behaviour to achieve the spontaneous positional assembly of multiple proteins in the 

LC droplets, and demonstrate the use of spatially separated GOx and HRP enzymes 

to produce LC droplets capable of housing an enzyme cascade reaction. Our method 

opens a pathway for the development of bioactive liquid crystal droplets and could 

have potential applications in the optical sensing of biomolecular substrates. 
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Abstract 
 

Surface coatings for biomedical implants have been used to prevent premature 
failure of implant due to bacterial biofilm formation and foreign body reaction. 
Delamination, cracking, crazing, etc. are frequent problems associated with coatings 
when implants are subjected to mechanical deformation either during surgical 
handling or during use. We demonstrate here, a novel process that results in the 
formation of a coating that is stable under mechanical stresses in tensile, torsion and 
bending modes. The coating process involves a combination of two conventional 
coating processes ï namely dip coating and electro-spinning. Polydimethylsiloxane 
was selected as the substrate owing to its wide use in biomedical implants. Silk 
fibroin, a natural biocompatible protein polymer obtained from Bombyx mori silkworm, 
was used for demonstrating the process of coating. The coating was also further 
functionalized using a green biomolecule - glycomonoterpene prepared using 
citronellal and glucose. These functional compounds are being touted as the next 
generation antibiofilm molecules on account of quorum sensing inhibitory activity.We 
have demonstrated that the quorum quenching activity of the biomolecule is retained 
during the processing steps and the coatings exhibited excellent antibiofilm activity 
against common infection causing bacterium P. aeruginosa and S. epidermidis. 
These silk fibroin-glycomonoterpene coatingscan be used for implants in biomedical 
applications such as breast implants and catheter tubings. 
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Abstract  
 
The rapid and efficient detection, identification and quantification of microorganisms 
such as bacteria remain a well known challenge in applied medicine, fermentation 
technology, forensic sciences and environmental monitoring. THE INTERACTIONS 

BETWEEN SYNTHETIC POLYMER-BASED MATERIALS AND BACTERIAL SURFACE IS OF 

SIGNIFICANT INTEREST IN THE CONTEXT OF BIOANALYTICAL AND BIOMEDICAL 

APPLICATIONS. IN THE PRESENT WORK WE developed a concept that an array of 
synthetic organic polymers incorporating a range of charged, hydrophobic and 
hydrogen bonding functional groups can give a unique pattern of affinity for a specific 
bacterial species. For the present library the charge was incorporated into the 
nanoparticles (NPs) using acrylic acid for negatively charged monomer NPs and 
either of (3-acrylamidopropyl) ammonium chloride (APM), (3-methacrylamidopropyl) 
guanidinium chloride (Gua) or (3-acrylamidopropyl) trimethylammonium chloride 
(ATC) for positively charged NPs. The hydrophobicity was varied using the varied 
mole fraction (0 or 40%) of t-butylacrylamide monomer. With this small library we 
could get the unique signatures for six out seven bacteria that were investigated. 
Expanding this library by changing the percent hydrophobicity in the nanoaprticles 
preparation and by incorporating new positively charged monomers can produce 
different signature patterns for a wider range of bacterial species. 
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Abstract 
 
The aim of this talk is to demonstrate a set of novel dual active (antioxidant and 
antibacterial) loaded multilayered microparticles and to release the actives at rates 
suitable for long-term inhibition of bacteria as well as lipid oxidation in food. For 
example, antibacterial active can be released initially at a faster rate to provide 
immediate protection, after that the release will be controlled and continuous to 
provide long-term inhibition of bacterial growth.  However, the other active eg. 
antioxidant can be released at a slower rate to provide intermediate/long-term 
protection of lipid oxidation. In order to achieve this goal, multilayered polymer 
particles with different hydrophilicity at each layers have been designed. The 
outermost layer consists of more hydrophilic polymer (PLGA: Poly(dl-lactic-co-
glycolic acid, 50:50) with antibacterial (benzoic acid) encapsulated in it and the inner 
core contains hydrophobic polymer (PLLA: Poly(l-lactic acid) with antioxidant 
(tocopherol) localized in it. Selective encapsulation of antibacterial and antioxidant in 
shell and core layers respectively are feasible by one step emulsion solvent 
evaporation method. Long-term antibacterial and antioxidant studies demonstrate 
that controlled co-delivery of benzoic acid and tocopherol from multilayered 
microparticles produces a greater reduction in bacterial growth and inhibition of lipid 
oxidation over a period of 60 days compared with single-active-loaded particles. This 
study provides how multilayered microparticles can be utilized to tune the release 
profiles of multiple actives simultaneously without having active-active interactions 
and how co-delivery can potentially prolong the food shelf-life.  
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Abstract 
Access to clean and safe water supply remains inadequate in many developing 
countries.[1] One of the key challenges is to remove pathogenic bacteria from the 
water supply via effective water disinfection technologies to prevent the spread of 
diseases and to ensure the safety of consumers. Herein, a highly effective point-of-
use (on-demand) water disinfection technology, in the form of a polymeric scaffold 
called macroporous antimicrobial polymeric gel (MAPG), is demonstrated. MAPG is 
easy to fabricate, completely organic and possess inherent antimicrobial property 
which makes it non-reliant on inorganic compounds[2] such as silver where the long-
term toxicity remains unknown. MAPG is highly bactericidal and can disinfect 
bacteria-contaminated water (ca. 108 CFU mLï1) at a capacity of about > 50 times the 
mass of the organic material used, inactivating > 99% of both Gram-negative and 
Gram-positive bacteria including Escherichia coli, Vibrio cholerae and 
Staphylococcus aureus within 20 minutes of treatment. When fabricated in a syringe, 
MAPG eliminates E. coli from contaminated water source by > 8.0 log10 reduction in 
bacteria counts (i.e., no viable bacteria were detected after treatment), and the 
syringe can be reused multiple times without losing potency. The MAPG technology 
is not only restricted to water disinfection but may also be applicable in other bacteria 
inactivation applications. 
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Abstract  
 
Different properties of hydrogels such as shear-thinning, shape-forming and self-
healing has been explored in tissue engineering and regenerative medicine area. We 
have developed chitin/PLGA hydrogel with CaSO4 and FGF-18 for regenerating 
irregular bone defects. This developed chitin/PLGA hydrogel is injectable and has 
shear-thinning property. Chitin/PLGA hydrogel with CaSO4 and FGF-18 showed an 
enhance bone formation in mouse cranial bone defect. In an another work, we 
developed injectable in-situ shape forming oxidized alginate-gelatin hydrogel with 
whitlockite nanoparticles and simvastatin drug. The in-situ gel formation was due to 
the Schiff base reaction between aldehyde group of oxidized alginate and amine 
group of gelatin. The gelation time was significantly reduced due to the presence of 
whitlockite nanoparticles which helps shape formation in short duration (<30s). This 
shape forming hydrogel showed a sustained release of simvastatin drug. The 
prepared shape forming hydrogel showed an enhanced bone formation in mouse 
cranial bone defect. This shear-thinning and shape-forming hydrogel has potential 
application in regenerating irregular bone defects. We also prepared N, O-
carboxymethyl chitosan based hydrogel using EDTA and FeCl3. This developed 
hydrogel showed good self-healing and adhesive property. The presence of Fe3+ 
driving the gelation through coordination chemistry and as well as self-healing 
property, which could be used as glue for closing wounds.  
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Abstract 

 
Hydrogel nanocomposites are hydrated polymeric network incorporated with 
nanomaterials and are potential candidates in myriad applications in the area of 
biomedical research.In this work, we are focussed on the synthesis of carbon 
dotsincorporated agarosebased hydrogel nanocomposites for the controlled delivery 
of drug.Carbon dots are carbon nanoparticles of size less than 10 nm which 
exhibitunique optical properties, good biocompatibility, low toxicity, great aqueous 
stability andwavelength-dependent fluorescence upon excitation.A one pot green 
synthesis was adopted for the preparation of carbon dots from naturally available 
materials. The hydrogel nanocomposite of carbon dots incorporated modified 
agarose hydrogels were fabricated and characterised. The nanocomposite hydrogels 
exhibited an intense blue emission at 440 nm with high stability.The composite 
showed excellent swelling and drug loading properties.Drug release, cytotoxicity and 
biodegradation of the hydrogel composites were carried out.Synergistic combination 
of properties of polymer and nanomaterial is made use in this work for an efficient 
and controlled drug delivery. 
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Target specific delivery vehicles have emerged as important technologies to treat 
illness and develop preventive measures for various cancers and viral diseases. 
Polymer based nanomedicine can be used for the treatment of lethal viruses, such as 
the Zika virus, by facilitating oral drug delivery across the epithelial barrier. We have 
proposed that nanotechnology in combination with chemical biology can combat the 
catastrophic neurological complications caused by the Zika virus(ZIKV). ZIKV is 
known to be transmitted by an infected Aedes species mosquito [1]. The ZIKV 
outbreak in Florida and its association to microcephaly and other neurological 
conditions such as Guillain-Barre syndrome, myelitis, and meningoencephalitis pose 
a universal health emergency[2]. To understand and tackle this problem, we have 
developed Fc-Ivermectin-NPs, an oral formulation composed of neonatal Fc receptor 
(FcRn) with decorated nanoparticles (NPs), that mediate the transport of Ivermectin 
across the epithelial barrier and release the drug in a controlled fashion to the Zika 
virus infected blood.  
Acknowledgment: This work is supported by Florida Department of Health 
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Abstract 

 

Conventional chemotherapeutic drugs available in the market are all small molecules 
that are rendered ineffective due to their poor biodistribution, target specificity, short 
half-life and consequential side effects like cardiotoxicity, nephrotoxicity and 
neurotoxicity. This obstacle in cancer treatment led to the development of ñPolymer 
therapeuticsò wherein polymers served as the nano-carriers for efficient delivery of 
drug molecules to the target site with reduced side effects and prolonged half-life. 
Star-shaped polymer architectures have been shown to have prolonged blood 
circulation as compared to their linear counterparts having the same molecular 
weight. They exhibit better pharmacokinetics, high molecular weight leads to 
increased t1/2 and relatively small sizes prevent RES uptake. The present 
investigation is aimed at understanding the role of polymer topology on the 
biodistribution, renal clearance, RES uptake and tumor accumulation wherein the 
molecular weight is maintained the same for the star-shaped polymer and the linear 
diblock counterpart[1]. For this, the ideal candidates were biodegradable 
Polycaprolactone (PCL) based block copolymers synthesized via ring opening 
polymerization of caprolactone and carboxylic substituted caprolactone monomers 
based on our expertise[2]. Further, PEG-b-PCL-b-CPCL triblock copolymers were 
also synthesized and they were able to deliver anticancer drugs cisplatin and 
doxorubicin in a single polymer dose achieving synergistic combination therapy[3]. 
Hence, moving up on the same ideology, fully biodegradable star-shaped PCL block 
copolymers were synthesized. The star-shaped polymers self-assembled into 
unimolecular micelles of sizes in the range of 30-50 nm as determined using DLS, 
SAXS and microscopy techniques such as FESEM, AFM and HR-TEM. Their 
unimolecular nature was reinstated from the pyrene experiment wherein there was 
no change in the I1/I3 value. The in vitro studies carried out in cervical cancer cell 
lines (HeLa) exhibited enhanced cellular uptake of the unimolecular micelles 
compared to the free drug and the linear diblock micelle. Thus, our aim is to validate 
the same in wild type mice by investigating the half-life of these carriers in blood, 
study their bio-distribution in kidney, liver, spleen and brain. 
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Abstract 
 
Thermoresponsive polymers can undergo reversible temperature-dependent phase 
separation which changes its structure and solubility. Above a lower critical solution 
temperature (LCST), the extended polymer structure collapses to an insoluble 
globule conformation which makes them attractive for therapeutic molecular delivery 
cargo. However, clinical applications are limited due to the nondegradable backbone 
of many well-studied thermoresponsive polymers, such as poly(acrylamides) 
(PAs).Our lab has developed a new class of thermoresponsive polyesters (TR-PEs) 
with a range of LCSTs (0 to 100ºC) inspired by biodegradable elastin-like peptides 
and PAs. Interestingly, these TR-PEs do not exhibit complete dehydration above 
LCST which makes them a suitable candidate for therapeutic encapsulation and 
controlled delivery in addition to their hydrolytically degradation property. Moreover, 
the interaction between TR-PEs and target molecules can be tailored by non-
covalent forces depending on different pendant groups of copolymers. Our recent 
studydemonstrated the successful encapsulation and release of Fluorescein 
isothiocyanate tagged bovine serum albumin as a model protein.  
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Abstract 
 
Vitamin Cis a natural antioxidant. It is known to reduce the adverse effect of cancer 
at high dose1 (ι 4 mM). Howeveroral or dietary delivery of vitamin C for treatment is 
not effective due to its poor chemicalstability andspontaneous oxidation (half-life ᾽70 
mins) to dehydroascorbic acid at physiological condition.2Hencse current research is 
directed towards the development of biocompatible, targeted delivery with increased 
bioavailability of vitamin C at specific site. In this context we have developed 
polymeric nanocarrier of vitamin 
C.Our designed nano-vitamin C 
iscomposed ofa biocompatible poly-
amino acid based polymeric 
backbonethat is conjugated with 
folateand vitamin C.3We have 
synthesised poly-L-aspartimide 
biodegradable, non-toxic polymer 
micelle as carrier of vitamin C. The 
chemical functionalization approach 
restricts the conversion of vitamin C 
to dehydroascorbic acid (half-life ι 2 
days) in physiological conditions and 
high concentration. Our nano-carrier 
shows glucose-responsive delivery of 
vitamin C to specific cancer cell.At 
moderately higher concentration 
nano-vitamin C produces reactive oxygen species (ROS) and kill cancer cells. On the 
other hand atlower concentrationnano-vitamin C induces autophagosome formation4 
that can be used as a therapeutic tool for autophagy mediated clearance of 
intracellular protein aggregates.So our nano-vitamin C has broad potential 
applications in cancer treatmentas well as can be used as therapeutic tool in 
neurodegenerative diseases. 
 
References 
[1] Chen, Q.; Espey, M. G.; Krishna, M. C.; Mitchell, J. B.; Corpe, C. P.; Buettner, G. R.; Shacter, E.; 
Levine, M. Proc. Natl. Acad. Sci. U.S.A.2005, 102, 13604ī13609 
[2] Yun, J.et. al.  Science 2015, 350, 1391ī1396 
[3] Chakraborty, A; Jana, N. R. ACS Appl. Mater. Interfaces2017, 9, 41807ī41817 
[4] G Filomeni, D De Zio and F Cecconi. Cell Death and Differentiation2015,22, 377ï388 
  

Figure: Nano-vitamin C induced cancer cell death at 

higher dose and autophagosome formulation at lower 
dose. 
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Abstract  
 

Nowadays, conventional drug administration generally leads to a fluctuation of drug 
concentration in the blood stream, which further causes undesirable side effects such 
as toxicity and reduced efficiency. The main advantage of controlled delivery systems 
is that, it is target specific, provide constant drug delivery and better control of drug 
levels in blood. The main aim of this study is to maintain the drug concentration at a 
predetermined rate, in the body (blood plasma) within the therapeutic limits for 
extended periods of time. A novel biodegradable and pH sensitive composite 
hydrogels, based on agarose (AG) and polyl ethylene glycol (PEG) copolymer, was 
successfully prepared by using glutaraldehyde (1% GA) as a cross-linker. Norfloxacin 
(NFX) was used as model drug to investigate the in vitro release behaviour, when 
NFX alone and NFX is in the complex form. Structural changes of AG-g-PEG 
hydrogels have been characterized using FTIR and TGA/DSC analysis. The surface 
morphology of AG-g-PEG hydrogel shows highly porous surface. The in vitro results 
of cytotoxicity assay confirmed that the cross linked hydrogel is non-toxic. The 
swelling and in vitro drug release study of the hydrogel was carried out at 37 0C 
temperature.  The in vitro release study demonstrates that AG-g-PEG hydrogel 
releases NFX in a sustained way when NFX is in the form of complex.  
 

 
Figure 1: Surface morphology of AG-g-PEG hydrogel 
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Abstract  
 
Conjugated polymer semiconductors have emerged as the foundation for a range of 
new technologies. Advances in the molecular engineering of conjugated polymer 
semiconductors of diverse molecular and supramolecular structures have greatly 
expanded the scope of promising organic semiconductor-based electronics and 
optoelectronic devices and technologies, including: organic light-emitting diodes 
(OLEDs), organic/polymer solar cells, photodetectors, image sensors, lasers, thin film 
transistors for printed and flexible electronics, high density electronic memories, etc. 
Our work is focused on the molecular engineering of materials and devices, 
encompassing synthesis, processing, and investigation of solid-state structure, 
properties, structure-property relationships, and device applications of both p-type 
and n-type semiconducting polymeric materials. Some examples of our recent 
advances in a few of these areas will be discussed, including [1-5]: n-type polymer 
semiconductors for highly efficient non-fullerene organic photovoltaics (NF-OPVs) for 
low cost solar energy power generation; high-mobility n-type polymer semiconductors 
for n-channel transistors, complementary circuits, and electronic memories; and 
highly efficient multilayered OLEDs for displays and lighting, enabled by solution-
processed electron transport materials. 
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Abstract  
 
Conformation of polymers in confined channels modifies the transport properties of 
the polymers when the geometrical confinement length scale is comparable to the 
characteristic length scale of polymer chain. Poly(3,4-ethylenedioxythiophene) doped 
with poly(styrene-sulfonate), PEDOT:PSS, a well-known conducting polymer studied 
over two decades with wide applications in energy storage, bioelectronics, robotics, 
and antistatic coatings have both ionic (PSS-) and electronic (PEDOT+) contributions. 
We explore the scaling of these mixed (electronic and ionic) as a function of 
confinement. Ordered and patterned alumina templates consisting of well defined 
confined volume1 were used for this purpose. Systematic studies of conductance 
over a wide range of frequency and temperature reveal distinct trends. We propose a 
semi-classical model to understand these features. 
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Abstract  
 
For future battery applications, solid state polymer electrolytes (SPEs) are highly 
recommended due to their clear advantages in processing, lamination and 
lightweight in addition to high mechanical strength and ionic conductivity. We study 
the influence of backbones such as polynorbornene, polyethenesulfonate and 
polymethacrylate in bottle brush polymer architectures, in which PEO is attached to 
various kinds of backbones (see fig.). In order to suppress the inflammability of 
SPEs, we also used perfluorinated EO analogue side chains in polyethenesulfonate 
brushes. We also exploited the inherent microphase separation property of a brush 
block copolymer to design solid polymer electrolytes incorporating mechanically 
stable phases and efficient Li-ion conducting phases in a single component system 
All the polymers were mixed with different amounts of LiTFSI salts and the ionic 
conductivity, Li-transfer number and electrochemical stability of these solvent-free 
SPEs were determined using impedance spectroscopy and cyclic voltammetry. We 
could achieve 105 Pa shear modulus at 60°C for such a brush block copolymer 
exhibiting ionic conductivity between 10-3 and 10-4 S/cm over a temperature range of 
80 to 30°C. 
 

 
 

Figure 1. Sketch and chemical structures of brush copolymers of PEO in which the 

backbone is varied from polynorbornene to polymethacrylate to polyethenesulfonate 
and perfluorinated EO side chains were implemented.  
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Abstract 
 
Flexible and compressible energy devices are required to power wearable electronic 
devices. Energy conversion and energy storage devices that are compressible and 
flexible are required to fulfill various type of wearable devices. Towards this objective, 
we have developed flexible flexible dye sensitized solar cells with efficiency of 4.2%. 
The innovation is in the photoanode. The efficiency of the DSSC while using rigid 
substrate is 10.2%. The details of the device performance and fabrication will be 
discussed in the talk. We have developed polyphenols as reductive and protective 
coating to prepare metal films on flexible and compressible substrates. The gold 
coated substrates were coated with polymer and filled with gel electrolyte. The 
results of the devices will be discussed during the talk.  
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Abstract 
 
We have studied polymer with pendant azobenzene moieties for storing energy 
from light in chemical bonds. We have achieved energy storage densities of 
~510 J/g (max: 698 J/g) in azobenzene-based syndiotactic-rich poly(methacrylate) 
polymers. We found that the processing solvent and its interactions with the 
polymer are important to achieve morphologically optimal structures for high-
energy density materials. Our work shows that morphologies of 
syndiotacticpolymers play an essential role in controlling the activation energy ofZ-
Eisomerization of azo-benzenes as well as the shape of the DSC exotherm. Thus, 
our study shows the crucial roles of the tacticity of the polymer backbone, intra- 
and interchain pi-pi stacking interactions, and solvent-polymer interactions in 
achieving higher energy densities in polymers for photothermal batteries.  
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Abstract  
 
Conducting polymer nanostructures with defined size, shape, architecture and 
chemical functionality have received more attention nowadays, because they are the 
forefront of many next-generation organic optoelectronic technologies. Among 
several conducting polymers, polyaniline (PANI) has been most extensively studied 
because it exhibits good environmental stability and its electrical properties can be 
modified by both the oxidation state of the main chain and protonation. However, the 
control of the size and morphology during the synthesis of nanostructured PANI still 
remains a challenge. The reported methods for the synthesis of PANI nanostructures 
include interfacial polymerization method, electro-spinning, seeding polymerization 
and template method 
(hard and soft). 
Among them, the soft-
templated method 
utilizing the assembly 
of surfactants, poly-

electrolytes and 
organic dopants to 
create network 1D structure is promising as it uses the bottom-up approach of 
supramolecular chemistry. Inspired by the easy preparation of PANI and the use of 
water as an environment friendly solvent, we wonder if we could directly obtain 
nanoscale PANI based on soft templated method by self assembly of organic acids in 
aqueous medium. Herein, we report a simple process of synthesis of nanostructure 
of PANI doped with several tetracarboxylic acids (aromatic and non-aromatic) in bulk 
quantity via in-situ polymerization. The architectures and properties of the formed 
PANI nanotube (Figure 1) will be presented. This lecture will discuss about the 
architectures and properties of the formed PANI nanotube, particularly recent 
applications as SERS substrate, water purifier, energy generation and storage. 
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Figure1: Schematic view of formation of PANI nanotubes doped with aromatic 

acids 
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Abstract 
 
Porous organic materials have attracted significant attention in the last few years due 
to their high surface area and functionalizable pores. Considering the facts of (i) the 
superior chemical, thermal and hydrothermal stabilities arising fromstrong covalent 
bonds, (ii) structural and functional tunability, (iii) lightweight because of B, C, N, O, 
H-based building blocks, porous organic polymers (POPs) have emerged as an 
important theme in the current research.1The tunable pore size with the high surface 
area as well as excellent structural robustness triggers their extensive utilization from 
the gas storage and separation to heterogeneous catalysis and water purification. 

Amidst all the advantages, the judicious inclusion of p-electron conjugation in the 
network makes the conjugated porous organic polymer (CPOPs) unique from all 
other porous materials.Hence, CPOPs became popular for their multimodal 
applications like sensing, light harvesting, photocatalysis, and energy storage. In this 
present scenario of the field, our group took up the problem to meet various 
challenges like designing the task-specific building blocks, tuning the band gap and 
porosity2a and most importantly the development of POPs with solution 
processability.2b,d Along with the design strategy, we have also demonstrated the 
efficacy of POPs in diverse applications ranging from chemo/ biosensing, light 
harvesting,2b energy storage,2c photocatalysis,2d to metal-free CO2 fixation. A brief 
appraisal of POPs and their promising future scope will be 
presented. 
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Figure 2: Schematic illustration depicting the challenging aspects and the versatile 

applications of porous organic polymers. 
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Abstract 
 
Organic conjugated systems have attracted considerable attention for their 
applications in organic electronic devices such as organic solar cells (OSCs), field 
effect transistors (OFETs), light emitting diodes (OLEDs) and electrochromic devices 
(ECDs). Here we present the design and various synthetic approaches of conjugated 
systems based on alkyne precursors and their structure-property relationships. The 
main emphasis will be given to (i) 3,4-cyclic substituted thiophene and selenophene 
derivatives, such as cyclopenta[c]thiophene and ïselenophene, (ii) conjugated 
systems with multiple heteroatoms (diselenolodiselelenols and 
thienopentathiophenes), and (iii) heteroacenes. Change in heteroatoms in the 
conjugated systems showed an interesting trend in their properties. Thus, the 
properties of resulting conjugated systems were tuned by using atomistic approach. 
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Abstract  
 
In dye-sensitized solar cells (DSSCs), out of all the interfaces formed by various 
device components, TiO2-dye/electrolyte interface plays an important role in 
modulating the charge injection and dye regeneration process. Further, aggregation 
of organic dyes on the TiO2 surface leads to self-quenching of photo-excited states 
which hampers the charge injection process which in turn affects the device 
performace. However, aggregation of dyes helps to broaden the absorption profile of 
light absorbing sensitizers due to the formation of either H- or J-type aggregates. 
Hence controlling the aggregation or self-assembly of dyes on TiO2 surface for both 
broadening the spectrum and improving the charge injection process is desired for 
achieving the better device performace. Though visible light harvesting donor- -
acceptor (D- -A) have been widely designed and synthesized, there are only few 
NIR light absorbing chromophores have been exploited in DSSCs research. We have 
utilized a donor-acceptor-donor (D-A-D) configured squaraine (SQ) dyes which 
absorb the far red and NIR photons. To modulate the electronic properties of SQ 
dyes, various donors have been incorporated to the SQ dyes to shift the absorption 
towards the NIR region. Aggregation of dyes on the TiO2 has been controlled by 
integrating both in-plane and out-of-plane branched alkyl groups to the dye structure. 
Results on the synthesis of various donors for the SQ dyes and DSSC device 
performace will be discussed. 
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Abstract 
 

Nano-structured platforms have been explored in the context of enhanced absorption 
in photovoltaic systems [1, 2]. However facile fabrication of nanostructures remains a 
challenge. Also identification of important device length-scales over which nano-scale 
effects result in enhanced and combined opto-electronic performance is a problem 
seldom addressed. We present our work on identification of enhancement 
mechanisms in both the optical and electrical domains, in a proof of concept polymer 
photovoltaic system shown schematically in Figure 1(a). The experiments are carried 
out a nano-structured platforms fabricated by facile methods involving template-
based moulding.  
The nanostructured device are seen to result in a significantly improved photocurrent, 
as seen from the external quantum efficiency curves in Figure 1(b) and the enhanced 
absorptance of the structured architecture in Figure 1(c). We see that the 
enhancement in due to simultaneous improvements in optical absorptance and 
charge transport.   
Further we also present our findings on the effects of the length scales of the various 
layers in the device architecture and the consequent trade-offs between nano-
structured enhancement and increased parasitic losses with nanostructures. This 
leadsto design rules for geometry and material selection in the general context of thin 
film photovoltaic devices. Further, our novel fabrication method opens up a simplified 
experimental method to make device quality nano-patterned substrates at an applied 
level, and studying nano-scale phenomena at the fundamental level. 

 

 
Fig. 1(a) Schematic device architecture employed (above) and structured 

substrate (below), (b) External quantum efficiency of planar and structured 

devices, (c) Computed absorptances of planar and structured devices. 
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Abstract 
 
Socially and geo-politically, with the pressure on the non-perennial resources 
mounting, addressing environmental concerns, gaining energy security while 
maintaining growth are now national priorities world-wide. The global urgency for 
green and sustainable energy generation has pitched a major technological 
challenge notably in the domain of excitonic solar cells. Analogous demand for 
efficient portable power, have also driven research in the field of energy storage and 
delivery technologies. In this perspective, new nano-structured materials and 
polymers promise to make considerable impact on the design, efficiency and viability 
of the next generation devices. One of the key constituents in multi-component 
electrochemical systems is the óelectrolyteô. In such systems, apart from all the other 
parameters related to electrodes, dyes, catalysts, etc., the device performance and 
life-time is dominated by the functioning and stability of the electrolytes under 
operational conditions. Over the years, electrolyte research has evolved to satisfy the 
requirement of the industry as well as consumers in both stationary and portable 
applications. A long-standing goal in electrolyte research is the preparation of an 
ideal electrolyte that combines the processing characteristics of polymers and the 
ionic conductivity of low molar mass liquids. Polymer electrolytes contrast sharply 
compared to the usual electrolyte materials with respect to the mode of charge 
transport and the value of ionic conductivity; however, for electrochemical 
applications the flexibility offered by the PE is important. Coupled with high 
volumetric power densities, the volume changes in a cell during cycling can be easily 
accommodated without physical degradation of the interfacial contacts, thus allowing 
space-efficient battery designs. Though the PEs are projected to address multiple 
issues related to device performance, factors such as relatively low ionic conductivity, 
the ability of polymer electrolytes to operate with highly reactive electrodes such as 
lithium over a wider temperature range without deterioration in the charge capacity 
and electrolyte properties, the high interfacial electrode-electrolyte impedances are 
still a major technological challenge and far from practical realization. The presentation 

would provide a brief overview on the role of electrolytes in the prospective energy 
generation and storage devices, the present status, bottlenecks and opportunities. Our 
continuing efforts towards the design and development of polymer / polymer-nanocomposite 
electrolytes along with the highlights of some encouraging results and future research 
directions would be discussed in the context of the identified gap areas. 
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Abstract 

 

Trinitrotoluene (TNT) and research department explosive (RDX) are two widely used 

military explosives, found in different explosive formulations posing threats to human 

life and environment.1,2 Detection of these explosives is a global demand in the 

current era of increasing terror attacks and hence it has been a matter of great 

concern to scientists working in the area of explosive detection.3,4 Detection of such 

compounds by cost effective and simple techniques would be a great achievement 

and of national/international importance. A major drawback in the established 

fluorescence based TNT sensors is majority of them use  fluorescence quenching 

signals and hence lack specificity for TNT/RDX. Fluorescence based sensors exhibit 

same or nearly same results for structurally similar nonexplosives also. In addition, 

other established detection techniques are either expensive or complicated in 

handling. In order to address the problems associated with currently developed 

explosive sensors, multi-mode sensing is highly desirable and it will eventually lead 

to precise and selective detection of explosives. In this context, we have developed a 

fluorescent polymer for dual mode selective detection of TNT. Upon contact with 

TNT, fluorescence quenching of the polymer film along with visible color change is 

observed. In this method, TNT even up to pM concentration can be selectively 

detected in dual mode. The developed strategy enables to differentiate TNT from 

other nitroaromatic derivatives at very low concentration. Similarly, fluorescent 

molecule doped polymer films have been found effective for low level detection of 

RXD.   
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Abstract 
Herein we report the new method of the successful high temperature (>100 °C) 
polymerization for preparation of high inherent viscosity quinoxaline based organic 
homopolymer (QOP) and quinoxaline-benzimidazole based organic copolymer (QOP-
BOP) via the simple one-step polymerization of aromatic tetraamines with 2, 5-bis- [(4- 
benzoylcarbonyl) phenyl] -3-4 diphenyl thiophene (TPTPBC)for applications in 
electrochemical energy storage or conversion system. Presence of characteristics 
bands and expected elemental peaks of monomer and polymer was confirmed from 
FT-IR and NMR spectroscopy. QOP-BOP electrode showed high energy storage 
capacity with a specific capacitance of 305 F/g respectively at 2 A/g current density 
and good cyclic stability with 88 % retention of its initial specific capacitance after 1000 
cycles. Due to the mesoporous nature of synthesized polymers, water can easily 
intercalate inside the pores. Thus, positive ions in aqueous electrolyte can easily 
intercalate or de-intercalate, i.e. ionic conductivity increases and hence the 
supercapacitance increases.The resulting polymers were highly thermally stable and 
soluble in some organic solvents. The XRD patterns showed that the QOP and QOP-
BOP have amorphous nature. Thermogravimetric analysis of polymers showed 10% 
weight loss in the range of 433 to 779 °C indicating good thermal stability.This work 
establishes the first use of thiophene integrated with quinoxaline-benzimidazole unit in 
energy storage applications and delivers strategies for further developments in the 
performance of redox active and metal free conjugated polymer materials. 
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Abstract  
 
With their electron rich skeleton thienoacenes have traditionally been used as hole 
transporting materials in organic electronic devices. Also, small molecule 
semiconductors are now gaining attention in organic electronics and are a field of 
active research for material chemists as these materials are easy to purify and form 
crystalline films for the fabrication of the desired high-performance devices. Despite 
their simple and similar molecular structure the hitherto reported, thienoacenes show 
different properties in OFET devices. The smallest members of the series, i.e the syn 
and anti isomers have been compared based on their crystal structure and their 
properties are rather diverse. The crystal of anti isomer also displays excellent 
elasticity. We have reported a new, simple yet amazing synthon which is an excellent 
precursor for the synthesis of a wide variety of thienoacenes. An advantage of this 
synthon is its ability to give isomerically pure acenes in excellent yields. Using this 
synthon we have synthesized a ñNonaceneò having all syn oriented thiophenes and 
we are also using it for the synthesis of ladder polymers. 

 

 
Fig:1 Isomerically pure Thienoacene, Fig: 2  Different Crystal packing of Two Isomerically pure 

pentacene,Fig: 3 Ladder polymer  
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Abstract 
 
Piezoelectric polymers have potential applications in small self-powering devices and 
as actuators, sensors etc. Applications in internet of things, security, environmental 
and implantable medical devices could make themimportant materials of future.1Melt-
processed poly(vinylidene) fluoride (PVDF) shows thermodynamically stable non-
polar phase (Ŭ-phase). To realize the piezoelectric properites of PVDF, it is very 
essential to crystallize PVDF in its electroactive phases (ɓ and ɔ).2 Herein, we report 
use of fluorine modified cellulose as a ɓ/ɔ phase initiator in the PVDF. The fluorine 
modification on cellulose helped to reduce the phase seperation, and the favorable 
interactions between PVDF and fluorinated cellulose led PVDF to crystallize in the 
electroactive phases. We also investigated  the effect of particle size and found that 
nanocrystal has greater effect over microcrystals. This could be attributed to the 
enhanced specific surface area of nanocrystals leading to enhanced interactions. 
Further, we found that the fluorinated nanocrystalline cellulose also improved the 
extent of polar phase in PVDF co-polymers.3 
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