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Abstract 
DSA of block copolymer films on chemically nanopatterned surfaces is an emerging technology 

that is well-positioned for commercialization in nanolithography and nanomanufacturing.  

DSA of (PS-b-PMMA) films on lithographically defined chemically nanopatterned surfaces is 
one focus of our activities in which the main research objectives revolve around understanding the 
fundamental thermodynamics and kinetics that governs assembly, and therefore patterning 
properties such as 3D structure, perfection, and processing latitude.  A second focus is to use the 
physical and chemical principles that we have elucidated for DSA of PS-b-PMMA towards the 
development of block copolymer systems capable of self-assembling into the sub 10 nm regime 
and continuing to meet the stringent constraints of manufacturing.  

The research is enabled by the recent development of techniques to combine metrology tools 
(TEM tomography, GISAXS, RSoXS), theoretically informed course grained models, and 
evolutionary algorithms to quantitatively determine and predict the independent process and 
material parameters that result in different 3D structures of assembled domains.  Finally, DSA of 
block copolymer films may be applied to applications in nanomanufacturing beyond lithography.  

Here we will discuss some of our very recent work in DSA related to energy related materials 
and membranes. 
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Abstract 

Density multiplication of patterned templates by directed self-assembly (DSA) of block 
copolymers (BCP) stands out as a promising alternative to overcome the limitation of conventional 
lithography.  

Using the 300mm pilot line available in LETI1 and Arkema’s materials2, the main objective is to 
integrate DSA directly into the conventional CMOS lithography process in order to achieve high 
resolution and pattern density multiplication, at a low cost. Thus we investigate the potential of 
DSA to address contact and via level patterning by performing either CD shrink or contact 
multiplication.  

Our approach is based on the graphoepitaxy of PS-b-PMMA block copolymers. Lithographic 
performances of block copolymers are evaluated both for contact shrink and contact doubling (see 
fig. 1). Furthermore, in order to prevent design restrictions, this approach may be extended to more 
complex structures with multiple contacts and non-hexagonal symmetries. These results show that 
DSA has a high potential to be integrated directly into the conventional CMOS lithography process 
in order to achieve high resolution contact holes.  

 

 

 

 

 

 

 

 

Fig 1. Examples of contact hole shrink and contact multiplication using a PS-b-PMMA block copolymer 

 

                                         
1 R. Tiron et al., Proc. of SPIE. 8680, 868012, 2013 
2 X. Chevalier et al., Proc. of SPIE 9425, 94251N, 2015 
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Abstract 

The effective exploitation of self-assembled block copolymer (BCP) thin films as templates for 
nanolithography requires the capability to control the orientation (relative to the plane of the 
substrate) and lateral ordering of the nanodomains in the polymeric film. The most robust strategy 
to promote the perpendicular orientation in BCP thin films relies on the surface modification, using 
end functional poly(A-r-B) random copolymers (RCP) chemically grafted to the substrate in order 
to form a neutral brush layer.[1] In particular, the use of functional hydroxyl-terminated 
poly(styrene-r-methyl methacrylate) (P(S-r-MMA)) RCP is a viable solution to induce 
perpendicular orientation of nanodomains in polystyrene-b-poly(methyl methacrylate) (PS-b-
PMMA) BCP thin films.  

In this work we critically revised the most recent results on the capability to control orientation 
and lateral ordering in asymmetric PS-b-PMMA thin films by proper selection of the brush layer 
thickness and processing conditions. To this aim, hydroxyl-terminated P(S-r-MMA) RCPs with 
molecular weights (Mn) ranging from 1.7 to 69 kg/mol and styrene unit fraction of approximately 
61% were synthesized and subsequently grafted onto a silicon oxide surface by means of a rapid 
thermal processing (RTP) treatment at high temperature (T > 200 °C) that allows achieving the 
formation of a brush layer in a limited amount of time (t << 900 s).[2] The brush layers were 
subsequently used to investigate the orientation of nanodomains with respect to the substrate, in 
cylinder-forming PS-b-PMMA BCP thin films with Mn ranging from 54 to 132 kg/mol. By 
decreasing Mn of the macromolecules it is possible to reduce the thickness of the RCP layer that is 
necessary to promote the perpendicular orientation of the nanodomains in the PS-b-PMMA films. 
In particular, for Mn = 1700 g/mol, a 2.0 nm thick brush layer is sufficient to induce the 
perpendicular orientation of the PMMA cylinders in the PS-b-PMMA BCP film.[3]  

The effect of the different brush layers on the lateral order evolution in the BCP films upon RTP 
treatment at high temperatures was investigated as well. We observed that thicker the brush layer, 
higher the lateral order in the PS-b-PMMA films. We demonstrated that the initial solvent, that is 
naturally trapped in the RCP + BCP system after the deposition process, significantly affects the 
lateral order of the self-assembled BCP films. The solvent content embedded in the total RCP + 
BCP system is directly related to the thickness of the neutral brush layer. The effect of the initial 
solvent content on the grain coarsening kinetics was investigated as a function of the thickness and 
molecular weight of the PS-b-PMMA. The appropriate supply of solvent supports a grain 
coarsening kinetics following a power law with a growth exponent that is directly dependent on the 
Mn of the PS-b-PMMA BCP. A 1/3 growth exponent was obtained for hexagonally ordered 
cylinders in the case of 30 nm thick PS-b-PMMA thin films with Mn = 54 kg/mol.[4] 

 
 [1] P. Mansky, Y. Liu, E. Huang, T.P. Russell, C. Hawker, “Controlling Polymer-Surface Interactions with Random Copolymer 
Brushes” Science, 1997, 275, 1458−1460.  
[2] F. Ferrarese Lupi, T.J. Giammaria, G. Seguini, M. Ceresoli, M. Perego, D. Antonioli, V. Gianotti, K. Sparnacci, M. Laus,  “Flash 
Grafting of Functional Random Copolymers for Surface Neutralization” J. Mater. Chem. C, 2014, 2, 4909−4917.  
[3] K. Sparnacci, D. Antonioli, V. Gianotti, M. Laus, F. Ferrarese Lupi, T. J. Giammaria, G. Seguini, M. Perego, "Ultrathin Random 
Copolymer-Grafted Layers for Block Copolymer Self-Assembly" ACS Appl. Mater. Interfaces, 2015, 7, 10944–10951. 
[4] G. Seguini, F. Zanenga, T. J. Giammaria, M. Ceresoli, K. Sparnacci, D. Antonioli, V. Gianotti, M. Laus, M. Perego, "Enhanced 
Lateral Ordering in Cylinder Forming PS‑b‑PMMA Block Copolymers Exploiting the Entrapped Solvent", ACS Appl. Mater. Interfaces, 
2016, 8 (12),  8280–8288 
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Abstract 
In addition to the thermal annealing of block copolymer films and enforced domain orientation 

by electric field, vapors of various solvents are used as efficient tool for improvement of 
nanodomain structure in the films. In this paper, we describe a number of effects caused by 
absorbed solvent in swollen diblock copolymer films. It has been demonstrated that initial swelling 
of parallel (with respect to the substrate) lamellae is affine and later on the structure reveals 
undulations resulted in lamella breaking. The final structure exhibits higher number of lamellae, 
each of them is thinner than the lamella in the dry state.1  The swelling in a non-selective solvent is 
accompanied by inhomogeneous distribution of the absorbed molecules: higher solvent 
concentration corresponds to AB interfaces.1 As a result, a faster swelling of the film is achieved at 
perpendicular domain orientation. Due to the predominant localization of the solvent at the 
interfaces, the “pathway” for the solvent flow in the swelling process is shorter in the case of the 
perpendicular lamellae and the parallel lamellae act as a potential barrier for the swelling. Swelling 
kinetics of micellar vs lamellar films, (see Figure) demonstrates essential difference.2 Mechanical 
deformation of the swollen lamellar sample can result in additional redistribution of the solvent 
between the lamellae and interfaces which is controlled by the solvent quality, incompatibility of 
the blocks and the average concentration of the solvent.3 Thus, the predicted effect can be 
promising for pumping of the solvent at nanoscales.     

 
 
Figure. Schematic presentation of diffusion pathways in micellar and lamellar films. (middle) Solvent volume 
fraction as a function of normal coordinate in the beginning stage of the solvent uptake. 
 
Acknowledgement. Financial support from the Russian Science Foundation, project # 15-13-
00124 is gratefully acknowledged. 

                                         
1 A. A. Rudov, E. S. Patyukova, I. V. Neratova, P. G. Khalatur, D. Posselt, C. M. Papadakis, I. I. Potemkin, 
Macromolecules 2013, 46, 5786-5795. 
2 A. Stenbock-Fermor, A. A. Rudov, R. A. Gumerov, L. A. Tsarkova, A. Böker,  M. Möller, I. I. Potemkin, 
ACS Macro Letters 2014, 3, 803−807. 
3 K. E. Polovnikov, R. A. Gumerov, I. I. Potemkin, ACS Nano 2016, submitted. 
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Abstract 
Directed self-assembly (DSA) of block copolymers is a practical alternative to DUV lithography 
for next generation nanopatterning. It is being implemented for via production and situations where 
small features, unattainable by 193 nm immersion lithography, are part of a more complex process 
flow. In particular, high χ block copolymers are becoming a focus of recent efforts in DSA because 
more conventional block copolymers such as polystyrene-block-poly(methyl methacrylate), PS-
block-PMMA, are limited in their final resolution due to their relatively weak phase separation. In 
this presentation, the processing of several high χ block copolymer pairs will be discussed. Solvent 
vapor annealing is a powerful technique to accelerate the ordering process of block copolymers 
through increasing chain mobility. The annealing of single and mixed solvent vapors will be 
discussed. If a solvent selectively swells one block, the solvent vapor annealing process will change 
the volume ratio between blocks thus altering the anticipated morphology. Both poly(α-methyl 
styrene)-block-poly(hydroxy styrene), PαMS-block-PHOST and poly(hydroxyethyl methacrylate), 
PHEMA-block-PMMA have been successfully annealed using selective solvent vapor annealing 
and the latter polymer when annealed with a mixture of THF and methanol is capable of forming 
non-equilibrium, but kinetically trapped phases ranging from spheres to cylinders to a gyroid phase 
depending on the solvent mixture. In contrast, polystyrene-block-poly(dimethyl siloxane), PS-
block-PDMS, was studied using extremely rapid thermal annealing methods to form sub-10nm half 
pitch if processed through a controlled order-disorder transition. Previous studies using PS-block-
PMMA materials indicate that as a function of thermal annealing temperature, the rates of 
microstructure perfection follow Arrehenius behavior. This implies that going to higher 
temperature should permit much faster organization of microstructure. In our studies, we used a 
diode laser to heat block copolymer films of PS-block-PDMS to high temperatures and 
simultaneously decrease the thermal annealing time to less than 10ms which is 10-4 to 10-6 orders of 
magnitude smaller than conventional oven or hot plate annealing. The long range order of the 
cylindrical morphology increased with increasing temperature and annealing time. The effects of 
neutral layer chemistry on the correlation length were also studied. With the help of graphoepitaxy 
and surface modification, PS-block-PDMS polymers can assemble with long range order in 
milliseconds. In summary, we are able to rapidly achieve ordered sub-20nm structures using 
graphoepitaxy directed self-assembly and do this in less than 20 ms using PS-block-PDMS and 
laser spike annealing. 
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Abstract 

The directed self-assembly (DSA) of block co-polymers (BCPs) can realize next-generation 
lithography for semiconductors and a variety of soft materials. It is imperative to simultaneously 
achieve many requirements such as a high resolution, orientation control of micro-domains, etch 
selectivity, rapid and mild annealing, a low cost, and compatibility with manufacturing for 
developing suitable BCPs. Here, we describe a new design of two different kinds of silicon-
containing BCPs targeted for sub-10-nm-wide lines, which are able to form perpendicularly 
oriented lamellar structures in thin films1.  

First example is a new series of silicon- and 
fluorine-containing polymethacrylate BCPs, 
PMAPOSS-b-PTFEMA, which are designed in 
focusing on a good balance of surface free 
energy between the blocks. PMAPOSS-b-
PTFEMAs are able to form the perpendicularly 
oriented lamellar structures with ca. 8 nm 
features in the thin films by thermal annealing at 
130 °C for one minute without any neutral 
layers. The second one is that the hydroxyl 
groups in the side chains introduced in the 
polysiloxane block provide a good balance with 
the polystyrene surface free energy, thereby 
leading to the perpendicular orientation. 
Moreover, this orientation can be also completed 
in only one minute at 130 °C in an air 
atmosphere. Oxygen plasma etching for the thin 
films results in the achievement of a line width 
of ca. 8 nm. 

 

Achknowledgements: This work was supported in part by New Energy and Industrial Technology 
Development Organization (NEDO) under the EIDEC Project (PMAPOSS-b-PTFEMA) and the 
Japan Science and Technology Agency (JST), Precursory Research for Embryonic Science and 
Technology (PRESTO) on the Molecular Technology and Creation of New Functions 
(Polysiloxane-based BCPs). 

                                         
1 J. Photopolym. Sci. Tech., 28(5), 649 (2015), Sci. Rep., 6, 19481 (2016). 
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Abstract 

To achieve efficient separation and transport of charges polymer solar cells require a nanoscopic 
percolating donor-acceptor two-phase structure, which is typically prepared via a quenched 
demixing process often coupled to the crystallization of the components. In this context block 
copolymers offer the potential of forming a stable microphase-separated donor-acceptor 
morphology controlled by the chemical structure of the polymer and self-assembly.   

We will present investigations about structure formation in several model systems consisting of 
P3HT donor blocks and acceptor blocks carrying pendant perylene bisimides1 or fullerene 
derivatives2. Structure formation in these systems typically results from a competition between 
liquid-liquid microphase separation and crystallization of the component materials. We show that 
in bulk samples for high enough molecular weight microphase separation in the melt state 
combined with confined crystallization can result in a well-defined donor-acceptor nanostructure3. 
The formation of the resulting hierarchical structure can be well analysed by X-ray scattering 
experiments and follows the common rules of block copolymer self-assembly. In thin films 
structure formation is more complex. The fast drying process occurring during spin coating patially 
supresses the formation of well-defined ordered structures, and during annealing or crystallization 
interfacial interactions additionally affect the orientation of microdomains and crystallites4. The 
resulting materials can sustain ambipolar transport, and the mobilities of the nanostructured 
systems are controlled by the transport properties of the individual components as well as the 
connectivity of the microstructure. 

                                         
1 P. Kohn, L. Ghazaryan, G. Gupta, M. Sommer, A. Wicklein, M. Thelakkat, T. Thurn-Albrecht, 
Thermotropic Behavior, Packing, and Thin Film Structure of an Electron Accepting Side-Chain Polymer, 
Macromolecules 45, 5676 (2012) 
2 M. Hufnagel, M. Fischer, T. Thurn-Albrecht, M. Thelakkat, Donor–acceptor block copolymers carrying 
pendant PC71BM fullerenes with an ordered nanoscale morphology, Polym. Chem., 6, 813 (2015) 
3 R. Lohwasser; G. Gupta; P. Kohn; M. Sommer; A. Lang; T. Thurn-Albrecht; M. Thelakkat, Phase 
Separation in the Melt and Confined Crystallization as the Key to Well-Ordered Microphase Separated 
Donor−Acceptor Block Copolymers Macromolecules 46, 4403 (2013) 
4 G. Gupta, C. R. Singh, R. H. Lohwasser, M. Himmerlich, S. Krischok, P. Müller-Buschbaum, M. 
Thelakkat, H. Hoppe, T. Thurn-Albrecht, Morphology, Crystal Structure and Charge Transport in Donor–
Acceptor Block Copolymer Thin Films, ACS Appl. Mater. Interfaces, 7, 12309 (2015) 
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A rational management of the energy resources and consumption is at the center of the 
preoccupations of a world in constant development. In this context, a sustainable development and 
exploitation of the energetic resources is asked, necessitating practical and quick solutions to direct 
the economy towards an energetic autonomy. This paper is centered on the development of novel 
energy storage systems with enhanced performances through original organic electroactive material 
chemistry and engineering approaches. Deciphering the fundamental flaws and building better 
organic batteries will be my primary target, the long-term goal of this research being the 
development of sustainable all-carbon-based batteries. Based on this, we will focus on three 
complementary yet, distinct directions with specific goals: improve and develop new organic 
radical materials for pseudo-capacitive energy storage by engineering high energy density nitroxide 
radical containing block copolymer architectures; develop novel block copolymer architectures for 
high performance solid polymer electrolytes and develop either hybrid organic-inorganic 
electrochemical energy storage materials or hybrid supercapacitor redox polymer gels that combine 
best-of-both worlds characteristics. Accordingly, this research aims the design and development of 
novel electroactive organic materials and architectures and, by doing so, develop faster, safer & 
longer-lasting organic batteries, capacitors and their hybrids. 

 

 
A nanostructured cathode incorporating a PTMA redox active polymer block. 
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Abstract 

Block copolymer thin films are of interest for a number of applications, such as nanolithography 
and as dielectric reflectors. Mostly, well-defined and defect-free nanostructures are required. 
Solvent vapor treatment (SVT) allows control of the structures in block copolymer thin films. For 
instance, defects present after spin-coating can be healed, and the orientation of the microdomains 
and even the morphology itself can be altered. Time-resolved, in-situ studies with grazing-
incidence small-angle X-ray scattering (GISAXS) together with white-light interferometry give 
insight into the structural changes during swelling with solvent vapor and during drying. 

We have been studying lamellar thin films spin-coated from polystyrene-block-polybutadiene 
(PS-b-PB) diblock copolymers. Three examples will be discussed, namely from thin films featuring 
initially the parallel orientation1, the random orientation2 and the perpendicular orientation.3 The 
films are swollen in solvent vapor using a bubbler and were dried by continuously reducing the 
vapor flow and increasing the flow of dry nitrogen gas. It is expected that the lamellae deswell 
during swelling with solvent vapor, because the molecular conformations of the blocks tend to be 
more Gaussian than in the dry state. Complex processes have been observed during SVT: In the 
case of initially parallel lamellae, additional lamellae form during swelling with cyclohexane 
vapor.2  

In the case of initially randomly oriented lamellae, the swelling behaviour of the lamellae in 
ethylacetate depends on their orientation.2 In the later stages of swelling, only parallel lamellae 
persist. In both cases, the lamellae deswell during drying. In the case of initially perpendicular 
lamellae, the lamellae tilt during swelling with cyclohexane vapor, which enables them to deswell 
without large-scale mass transport.3 During drying, the lamellae stay perpendicular. At the surface, 
a thin wetting layer from PB forms. During drying, it retracts, and PS domains protrude (Figure 1). 
To conclude, time-resolved GISAXS allows to elucidate manifold processes during SVT and to 
optimize the SVT conditions. 

 

 
Figure 1. Representative 2D 
GISAXS maps from a block 
copolymer thin film featuring 
perpendicular lamellae during 
drying. From Ref. 3 

 
1 A. Sepe, J. Zhang, J. Perlich, D.-M. Smilgies, D. Posselt, C.M. Papadakis, Eur. Polym. J. (2016), 
DOI:10.1016/j.eurpolymj.2015.12.013 
2 J. Zhang, D. Posselt, D.-M. Smilgies, J. Perlich, K. Kyriakos, S. Jaksch, C.M. Papadakis, Macromolecules 
47, 5711, 2014 
3 J. Zhang, D. Posselt, A. Sepe, X. Shen, J. Perlich, D.-M. Smilgies, C.M. Papadakis,  Macromol. Rapid 
Commun. 34, 1289, 2013 
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Abstract 
 

Amphiphilic block copolymers can spontaneously from integral asymmetric isoporous membranes 
by evaporation-induced self-assembly in flat sheet and hollow fibre geometry. The parameters 
influencing the structure formation will be discussed. The critical structural evolution steps occur 
within the first hundred seconds after solvent casting. By using synchrotron small angle X-ray 
scattering employing a specially designed solvent casting apparatus, the kinetics of the structural 
evolution was monitored in situ. Sometime after solution casting first structural features on length 
scales of 30-70 nm are observed. During the subsequent period of solvent evaporation the length 
scales increase continuously towards a plateau value of 80-120 nm, depending on the molecular 
weight of the block copolymer. The time evolution of the characteristic length scales follow a 
simple exponential saturation curve for all block copolymers, irrespective of molecular weight, 
composition, and addition of salts. Furthermore immersion in water during solvent evaporation 
leads to a nearly instantaneous increase of the characteristic length scale to its plateau value. The 
addition of salts leads to structures with smaller characteristic length scales, but still following the 
same kinetic evolution. 

Pore size control can be performed by blending similar block copolymers of the same monomers, 
which only vary in molecular weight or composition. Morphological results of membranes and 
dense bulk materials indicate a different dependence of the periodic length scale from the 
molecular weight, as shown by comparison of investigations by scanning, transmission electron 
microscopy and small angle X-ray scattering. 
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Abstract 
 

Solutions to global problems including energy conversion and storage, clean water and human 
health require increasingly complex, multi-component hybrid materials with unprecedented control 
over hierarchical length scales and local order. This talk will give examples for the rational design 
of novel functional polymer hybrid nanomaterials with hierarchical order from the near-molecular 
to the meso-scale. These materials are based on the self-assembly of block copolymer structure 
directing molecules into polymer-inorganic hybrid materials. Discussion will include formation of 
porous materials with amorphous, polycrystalline, and epitaxially grown single-crystal structures. 
Experiments will be compared to theoretical predictions to provide physical insights into formation 
principles. The aim of the described work is to (i) understand the underlying fundamental chemical, 
thermodynamic and kinetic formation principles enabling generalization of results over a wide 
class of materials systems and to (ii) open a wide range of applications for these hybrids enabled by 
the simplicity of the processing steps. The talk will cover the formation of hierarchical structures at 
equilibrium as well as via processes far away from equilibrium. Examples for applications of these 
nanomaterials will include all laser-induced microfluidic devices with mesoporous floors, 
mesoporous electrodes for energy conversion and storage devices ,as well as separation and 
catalysis. 
 
References 
1.) S. W. Robbins, P. A. Beaucage, H. Sai, K. W. Tan, J. P. Sethna, F. J. DiSalvo, S. M. Gruner, R. B. van 

Dover, U. Wiesner, Block copolymer self-assembly directed synthesis of mesoporous gyroidal 
superconductors, Sci. Adv. 2 (2016), e1501119. 
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Heating Induced Hierarchical Porous Structures from Block Copolymer Directed Self-Assembly, 
Science 349 (2015), 54-58. 

3.) C. Cowman, E. Padgett, K. W. Tan, R. Hovden, Y. Gu, N. Andrejevic, D. Muller, G. Coates, U. 
Wiesner, Multicomponent Nanomaterials with Complex Networked Architectures from Orthogonal 
Degradation and Binary Metal Backfilling in ABC Triblock Terpolymers, J. Am. Chem. Soc. 137 (2015), 
6026-6033. 

4.) H. Sai, K. W. Tan, K. Hur, E. Asenath-Smith, R. Hovden, Y. Jiang, M. Riccio, D. A. Muller, V. Elser,  
L. A. Estroff, S. M. Gruner, U. Wiesner, Hierarchical porous polymer scaffolds from block copolymers, 
Science 341 (2013), 530-534. 

5.) H. Arora, P. Du, K. W. Tan, J. Hyun, J. Gratzul, H. L. Xin, D. Muller, M. Thompson, U. Wiesner, Block 
Copolymer Self-Assembly Directed Single-Crystal Homo- and Heteroepitaxial Nanostructures, Science 
330 (2010), 214-219. 



EUPOC 2016 on BLOCK COPOLYMERS FOR  
NANOTECHNOLOGY APPLICATIONS 

GARGNANO – LAKE GARDA (ITALY), 22-26 MAY, 2016 
 

 13 

 

IL 13 

 



	
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

KEY NOTE   LECTURES 



 
 
 
 
 
 



EUPOC 2016 on BLOCK COPOLYMERS FOR  
NANOTECHNOLOGY APPLICATIONS 

GARGNANO – LAKE GARDA (ITALY), 22-26 MAY, 2016 
 

  14 

KN1 
 

HIGHLY ASYMMETRIC LAMELLAR NANOPATTERNS BASED ON BLOCK 
COPOLYMER SELF-ASSEMBLY 

 

JIN KON KIM 

National Creative Research Center For Smart Block Copolymers,  
Department Of Chemical Engineering  

Pohang University of Science and Technology, Kyungbuk 790-784, Korea 
 Email: jkkim@postech.ac.kr. 

 
 

Abstract 
 

Lithography based on block copolymer self-assembly has received significant attention due to the 
ability to achieve morphologies with dimensions in the range of 10 to 20 nm or even below. Block 
copolymer lithography is a cost-effective, parallel, and scalable nanolithography for densely packed 
periodic arrays of nanoscale features, whose typical dimension scale is beyond the resolution limit of 
conventional photolithography 

Typically, the block copolymer microdomains used for this purpose are periodic lamellar 
microdomains. Such lamellar microdomains usually arise only in a narrow range of block compositions in 
which the volume fractions of the two components are approximately the same. 

However, for the next-generation nanoscopic patterns required in lithography, the above strategies 
need to be extended to achieve highly asymmetric line patterns in nanoscale (i.e. the microdomain width 
of one of the nanopatterns is significantly different from the other), similar to those which could be 
obtained by top-down method such as e-beam lithography, which is a slow and extremely expensive 
process.  Unfortunately, however, when the volume fraction of one block is quite different from the other 
block, lamellar (or line) patterning is impossible due to the formation of more stable nanostructures of 
cylindrical or spherical shapes.  

In this talk, I will present a conceptually new and versatile approach to produce highly asymmetric 
lamellar morphologies by the use of binary blends of block copolymers whose components are capable of 
the hydrogen bonding. To illustrate the impact upon potential lithographic applications, the strategy was 
transferred to thin film morphologies. For this purpose, we used solvent vapor annealing to prepare thin 
films with vertically oriented asymmetric lamellar patterns.1-2 

 

 

  
References 
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2. J. Kwak, S. H .Han, H. C. Moon, J. K. Kim, V. Pryamitsyn, and V. Ganesan, Macromolecules, 48, 6347-
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Abstract 
 

Current knowledge in macromolecular engineering allows for the preparation of a myriad of tailored 
block copolymer morphologies, which play distinguished, multifaceted roles in nanoscience and 
technology (nanolithography, photonics, pharmaceutical, biomedical…). Such systems exhibit a 
remarkable ability to self-assemble into a great variety of supra-macromolecular structures both in 
solution (nanoparticles) and in solid state (thick and thin films), whose domain spacing span from few to 
hundred nanometers. Their final nano-organization results from the interaction between molecular 
“elementary bricks” and architectures, the block composition or volume fraction and, in the case of 
solvent annealing, the affinity of the solvent with the different blocks. Most of those systems are, 
however, derived from petroleum: A resource that is being rapidly depleted!  
 
While the self-assembly of synthetic block copolymer systems is limited today to 20 nm features (domain 
and size spacing) and in some cases to sub_10nm with “heavy” chemical modification, we have recently 
developed novel glycopolymer (carbohydrate-based) leading by self-assembly process to thin films 
shooting down to few nm-high-resolution nanoscale pattern which found a number of key applications, 
spanning from nanolithography, pharmaceutical, and biomedical engineering flexible electronic devices. 
Recent results will be presented on the self-assemblies of poly/oligosaccharide-based block copolymer 
leading to controlled shape and size glyco-nanoparticles and ultra-thin films (sub_10nm resolution) for 
next generation of flexible opto- and bio-electronic devices.1  

 

 

Thin film carbohydrate-based block copolymer with 5 nm features 
(scale: 20 nm). The highest resolution ever reached to date 
“Oligosaccharide/Silicon-Containing Block Copolymers With 5 Nm 
Features Lithographic Applications”, ACS Nano, 6, 2012, 3424 

Schematic configuration of OFET memory device using MH-
b-PS and MH(APy)-b-PS nano-organized thin films. (Adv. 
Funct. Mat., 24, 2014, 4240-49), Application: Memory device 
& Advanced Materials 2015, 27, 40   Pages: 6257-6264    

  

                                                
1. CHIU, YC; SUN, HS; LEE, WY; HALILA, S; BORSALI, R; CHEN, WC : Oligosaccharide Carbohydrate Dielectrics Toward High-

Performance Non-Volatile Transistor Memory Devices, Advanced Materials 2015, - Volume: 27   Issue: 40   Pages: 6257-6264    
2. Y.C. CHIU, I. OTSUKA, S. HALILA, R. BORSALI & W.C. CHEN, High-performance nonvolatile transistor memories of pentacence 

using the green electrets of sugar-based block copolymers and their supramolecules, Adv. Funct. Mat., 24, 2014, 4240-49 
3. I. OTSUKA, M. OSAKA, Y. SAKAI, C. TRAVELET, J.L. PUTAUX & R. BORSALI, Self-assembly of maltoheptaose-block-polystyrene 

into micellar nanoparticles and encapsulation of gold nanoparticles, Langmuir, 29, 2013, 15224-30 
4. J.D. CUSHEN, I. OTSUKA, C.M. BATES, S. HALILA, S. FORT, C. ROCHAS, J.A.EASLEY, E. RAUSCH, A. THIO, R. BORSALI, C.G. 

WILLSON & C.J. ELLISON, Oligosaccharide/Silicon-Containing Block Copolymers With 5 Nm Features For Lithographic 
Applications, ACS Nano, 6, 2012, 3424-33 

5. I. OTSUKA, S. TALLEGAS, Y. SAKAI, C. ROCHAS, S. HALILA, S. FORT, A. BSIESY, T. BARON & R. BORSALI, Control of 10 nm scale 
cylinder orientation in self-organized sugar-based block copolymer thin films, Nanoscale, 5(7), 2013, 2637-2641 (IF 6.233)  

6. C. GIACOMELLI, V. SCHMIDT, K. AISSOU & R. BORSALI, Block Copolymer Systems: From Single Chain to Self-Assembled 
Nanostructures, Langmuir, 26, 2010, 15734-44 
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Abstract 
 

          Directed self-assembly (DSA) of block copolymers (BCPs) on chemical patterns shows promise for 
meeting a sufficiently inclusive set of manufacturing constraints for applications in semiconductors1. 
Previous studies on DSA of BCPs mainly use AB diblock copolymers, especially polystyrene-b-
poly(methyl methacrylate)(PS-b-PMMA)2. AB diblock copolymer can only equilibrate on chemical 
patterns with the pattern period (Ls) deviating 10% from the BCP period (Lo) and fabrication of different 
structures needs to use different BCPs. We are working on the fabrication of mixed structures with a 
range of feature dimensions and pattern geometries by directing the assembly of the ABA triblock 
copolymer in one assembly process. ABA triblock copolymers are different from AB diblock copolymers 
in that the central B blocks of ABA triblock copolymers can form bridges between two different A 
domains. The bridge/loop conformations in ABA triblock copolymers influence their assembly behaviors 
in thin films. We show that symmetric PMMA-b-PS-b-PMMA triblock copolymer domains could 
equilibrate on stripe patterns with dimensions up to ~55% larger than Lo

3. This range over which an ABA 
triblock copolymer can tolerate incommensurable Ls is significantly larger than that (~10%) of the 
corresponding AB diblock copolymer4. Such a unique assembly behavior may provide an opportunity to 
fabricate a set of structures of different geometries by one triblock copolymer. We further demonstrate 
that asymmetric PMMA-b-PS-b-PMMA triblock copolymers can be directed to assemble on chemical 
patterns of arrays of square and hexagonal spots and stripes with LS up to 34%, 30%, and 46% larger than 
Lo through surface reconstruction.  Defect-free assembly of asymmetric PMMA-b-PS-b-PMMA triblock 
copolymers into square and rectangular arrays cylinders and perpendicular lamellae is achieved on 
chemical patterns in one assembly process. 
 
 
 
 
 
 
 
 
This work was financially supported by the National Natural Science Foundation of China (Nos. 
51173181, 51373166), “The Hundred Talents Program” from the Chinese Academy of Sciences and the 
International S&T Cooperation Program from Department of Science and Technology of Jilin Province 
(No. 20160414032GH).

                                                
1Kim, S. O.; Solak, H. H.; Stoykovich, M. P.; Ferrier, N. J.; de Pablo, J. J.; Nealey, P. F. Nature 2003, 424, 411. 
2Ji, S. X.; Wan, L.; Liu, C. C.; Nealey, P. F. Prog. Polym. Sci. 2016, DOI: 10.1016/j.progpolymsci.2015.10.006 
3Ji, S.; Nagapal, U.; Liu, G.; Delcambre, S. P.; Müller, M.; de Pablo, J. J.; Nealey, P. F. ACS Nano, 2012, 6, 5440. 
4Edwards, E. W.; Muller, M.; Stoykovich, M. P.; Solak, H. H.; de Pablo, J. J.; Nealey, P. F. Macromolecules 2007, 
40, 90. 
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Abstract 
 

As a versatile and cost-effective patterning method, block copolymer self-assembly has attracted attention 
from the semiconductor industry as a candidate for next-generation lithography.1,2 With the aim of 
increasing pattern density, in past two decades, block copolymer research has focused on the synthesis of 
block copolymers with small molecular weights with a high chi parameter, as the native pitch of a block 
copolymer is mainly dependent upon its molecular weight.3,4 The challenge of such an approach is that 
pattern quality, including defect density and line edge roughness, may be sacrificed due to a lower 
segregation strength. As an alternative approach, we are presenting a multi-step protocol that surpasses 
the native pitch of block copolymers, increasing the density by 2 or 3 fold.5,6 This approach enables the 
use of well-established, higher molecular-weight block copolymers that routinely form high quality single 
layer patterns as the foundation upon the pattern is assembled; with subsequent deposition and annealing 
of one or two more block copolymer thin films, a doubling or tripling of pattern density is observed. In 
this presentation, we will discuss the generalities of this approach, the algorithm developed to analyse the 
defect density of the resulting pattern, and mapping of defects and grain size.   
 

 

                                                
1 International Technology Roadmap for Semiconductors, 2011 ed (Semiconductor Industry Association, San Jose, 
CA, 2011). 
2 Bates, C. M.; Maher, M. J.; Janes, D. W.; Ellison, C. J.; Willson, C. G., Macromolecules 2013, 47, 2-12 
3 Cushen, J. D.; Otsuka, I.; Bates, C. M.; Halila, S.; Fort, S.; et al. ACS Nano 2012, 6, 3424-3433. 
4 Durand, W. J.; Blachut, G.; Maher, M. J.; Sirard, S.; Tein, S.; et al.  J. Polym. Sci. Pol. Chem. 2015, 53, 344-352. 
5 Wu, N. L. Y.; Zhang, X.; Murphy, J. N.; Chai, J.; Harris, K. D.; Buriak, J. M., Nano Lett. 2011, 12, 264-268. 
6 C. Jin, N. L. Y. Wu, B. C. Olsen, J. M. Buriak,  E. J. Luber, submitted 
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Abstract 

 
Directed self-assembly (DSA) of block copolymers (BCP) has recently gained popularity as an 
enhancement in nanolithography. The poly(styrene)-b-poly(methylmethacrylate) (PS-b-PMMA) block 
copolymer (BCP) has demonstrated the strong potential of the directed self-assembly technology to 
produce periodic mesostructures of resolution around 20 nm, which can be subsequently transferred into 
various substrates. Predictive and efficient modeling capabilities are required to meet this challenge. To 
this end we have implemented two variants of the Ohta-Kawasaki (OK) model based on the density 
functional theory (DFT). They offer low computation times in comparison to more detailed approaches 
like self-consistent theory or single chain in mean field. The OK models are defined by several 
phenomenological parameters which impact the morphology of a BCP, including volume fraction and 
BCP asymmetry. 
An OK parameter study has been performed for DSA of PS-b-PMMA BCP for hexagonal packing in thin 
films (PMMA cylinders inside PS matrix). The aim of the investigation was determining the relation 
between OK parameters and BCP physical properties. Also, it was important to determine which of two 
variants of the OK model better applies for prediction of DSA results by comparing both of them with 
experiments. The morphology in such systems is defined by the ratio of the mean diameter of cylinders to 
the mean distance between cylinders without defects (i.e. having exactly 6 neighbors). For several OK 
parameter values, simulations have been performed resulting in morphologies differing in terms of the 
above mentioned ratio. Simultaneously, thin film DSA process of PS-b-PMMA BCP has been carried out 
experimentally on a neutral layer (PS-r-PMMA thin layer) towards PS-b-PMMA BCP. After the DSA 
process the PMMA phase has been removed by wet development. Cylinder diameters and distances 
between defectless cylinders have been extracted from simulation results and CD-SEM images by 
defining a threshold value and using Delaunay triangulation (see Fig. 1). Then, the ratio values of the 
mean cylinder diameter to the mean cylinder distance have been calculated for both simulation and 
experimental results. The applicability of both variants of the OK model has been investigated by 
comparing resulting ratio values. Results will be shown in the presentation. 
 

 
Figure 1. Simulation result and CD-SEM images of the DSA process, (a) & (c). Both images have been used to 
extract cylinder diameter values. Delaunay triangulation has been performed on both images to extract distances 

between nearest-neighboring cylinders, (b) & (d). Only defectless cylinders (i.e. having exactly 6 neighbors) have 
been taken into account. Red spots mark defects in the hexagonal packing of PS-b-PMMA. 
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Abstract 
 

The self-assembly of block copolymers (BCPs) into a nanometric ordered structure and the chemical 
similarity with the photoresist materials employed in standard photolithography have triggered the 
application of BCPs as template masks. Asymmetric polystyrene-b-polymethylmethacrylate (PS-b-
PMMA) can form perpendicularly oriented nanodomains since the surface interactions are easily 
balanced by grafting the appropriate P(S-r-MMA) random copolymer (RCP) to the surface. The 
development of long-range lateral order is a key requirement for BCP integration in nanolithographic 
processes. 
In this work the self-assembly of asymmetric PS-b-PMMA BCPs with molecular weight of 54-67-82-102 
kg/mol over a 2 nm and 19 nm thick P(S-r-MMA) grafted layer was accomplished through a fine tuning 
of the annealing temperature (TANN = 140-290 °C) and time (tANN = 1-900 s) in a rapid thermal processing 
(RTP) machine. [1, 2] Cylindrical PMMA structures perpendicularly oriented with respect to the substrate 
with different level of lateral order were obtained. The grafted RCP brush layer acts as an extensively 
distributed reservoir of solvent: the thicker the brush layer, the higher the amount of solvent available for 
the self-assembly of the BCPs. Scanning electron microscopy (SEM) inspection of the samples at 
different stages of the grain coarsening process allows investigating the grain-growth as a function of the 
RCP brush layer thickness (2 or 19 nm) and determining the growth rates for each BCP molecular weight 
(54-67-82-102 kg/mol). For the thick RCP brush layer, the collected data indicate that the cooperative 
effect of solvent and temperature is sufficient to sustain the grain coarsening process over the range of 
tANN we explored. [3] In particular, the growth exponent results constant for each BCP molecular weight 
at all the explored tANN. However, the growth rates change as a function of the BCP molecular weight 
ranging from 0.08 for 102 kg/mol to 0.34 for 54 kg/mol [Figure 1].  

 
Figure 2 Grain coarsening growth exponent as a function of the molecular weight of the PS-b-PMMA BCP. 

 
[1] F. Ferrarese Lupi, T. J. Giammaria, G. Seguini, F. Vita, O. Francescangeli, K. Sparnacci, D. Antonioli, V. Gianotti, M. Laus, M. Perego, 
"Fine Tuning of Lithographic Masks through Thin Films of PS-b-PMMA with Different Molar Mass by Rapid Thermal Processing", ACS Appl. 
Mater. Interfaces 10, 7180–7188 (2014). 
[2] K. Sparnacci, D. Antonioli, V. Gianotti, M. Laus, F. Ferrarese Lupi, T. J. Giammaria, G. Seguini, M. Perego, "Ultrathin Random Copolymer-
Grafted Layers for Block Copolymer Self-Assembly" ACS Appl. Mater. Interfaces 7, 10944–10951 (2015). 
[3] G. Seguini, F. Zanenga, T. J. Giammaria, M. Ceresoli, K. Sparnacci, D. Antonioli, V. Gianotti, M. Laus, M. Perego, "Enhanced Lateral 
Ordering in Cylinder Forming PS‑b‑PMMA Block Copolymers Exploiting the Entrapped Solvent", ACS Applied Materials & Interfaces (2016). 
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Abstract 

 
Directed Self-Assembly (DSA) of Block Copolymers (BCP) is becoming a well-established method with 
a high potential of gaining industrial relevance since it allows patterning surfaces with high resolution and 
throughput and, on the other hand, it also offers a process simplification compared with alternate 
approaches1,2. One of the methods to guide the BCP is chemical epitaxy, which consists in creating 
chemical patterns on a surface with areas that present larger affinity to one of the blocks of the BCP3. 
Therefore, by properly tuning the chemical affinity between the surfaces, highly oriented and ordered 
structures can be achieved. In this communication we present a method to experimentally determine the 
surface free energies and a quantitative correlation between the surface affinity strength and the guidance 
capability of the chemical patterns. By adequately adjusting the strength of these interactions, chemical 
guiding patterns formed by wide backgrounds and guiding stripes can properly direct the alignment of 
BCP, relaxing the requirements on the lithography process in terms of resolution.  
The difference of surface free energy of each segment of the BCP and the confining boundary (γSA - γSB) 
is the main driving force in chemical epitaxy DSA. It is experimentally defined by determining the 
contact angle between PS and PMMA in a homopolymer blend, which has previously been processed in 
the same way as the block copolymers (Figure 3). In this way, the surface free energy difference between 
the species can be estimated by using the Young’s equation γSA - γSB = γAB · cos (φAB), where γSA and γSB 
are the interface tensions between the homopolymers and the substrate.  
The optimal experimental conditions to align three different BCP based on PS-b-PMMA have been 
determined and the behavior has been rationalized by the balance between surface free energy and grain 
boundary free energy according to the results of self-consistent field theory and simulations.  
 

 
Figure 3. Overall process to determine the interface energies with homopolymer blends. 

 
 
The research leading to these results received funding from the European Union’s Seventh Framework Programme FP7/2007-
2013, under project CoLiSA. L. Evangelio acknowledges MECD for the PhD contract FPU13/03746. 
 
1. Ruiz, R. et al. Density Multiplication and Improved Copolymer Assembly. Science (80-. ). 321, 936–940 (2008). 
2. Fernández-Regúlez, M., Evangelio, L., Lorenzoni, M., Fraxedas, J. & Pérez-Murano, F. Sub-10 nm Resistless 

Nanolithography for Directed Self-Assembly of Block Copolymers. ACS Appl. Mater. Interfaces 6, 21596–
21602 (2014). 

3. Ferrier, N. J., Pablo, J. J. De & Nealey, P. F. Epitaxial self-assembly of block copolymers on lithographically 
defined nanopatterned substrates. Nature 424, 411–414 (2003).  
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Abstract 
 

In tact with the demand for diminished length-scale of nano-devices, self-assembly is gaining momentum 
relative to the more traditional and increasingly costly top-down fabrication methods. In particular block 
copolymer (BCP) nanolithography has been recognized as a key alternative to top-down nanolithography 
techniques for the future nanofabrication between 5 to 50 nm length scales.  
We demonstrate a straightforward method using BCP lithography to produce various nanostructures with 
well-defined morphologies, which at the same time offers new conceptual design of nanofabrication. By 
judicious choice of annealing conditions we create highly ordered BCP structures over the entire 4-inch 
silicon wafers without any surface treatment which is routinely applied in this field. We believe it greatly 
advances the use of solvent vapor annealing for efficient, reproducible, cost-effective and high-quality 
large area patterning by BCP nanolithography. 
We are not only showing high quality pattern over large area, but also demonstrate a versatile pattern 
transfer process to create a rich library of silicon nanostructures including nanohole, nanopillar, and 
nanotube arrays. We believe that the presented findings are highly relevant for many applications outside 
nanolithography. In fact, this presented method has lead to several collaborations at DTU (Technical 
University of Denmark) Nanotech and Photonic departments, comprising of selective area growth of 
quantum dots and nano-wires, nano-imprint mold for plastics fabrication,  nano-structured graphene and 
in particular, plasmonic substrate for sensing. As an example, we demonstrate that the fabricated 
nanopillar arrays can be utilized as high-performance surface-enhanced Raman scattering (SERS) 
substrates. This scalable and facile fabrication approach offers numerous pathways in designing 
nanoplasmonic materials with desired optical properties, which will facilitate both fundamental studies 
and commercial applications. 
 

 
 
Figure.1. various silicon nanostructures derived from this study.  
 
               
 
1 Tao Li, Zhongli Wang, Lars Schulte, and Sokol Ndoni, Substrate Tolerant Direct Block Copolymer 
Nanolithography. Nanoscale, 2016, 136-140. 
2 Tao Li, Kaiyu Wu, Tomas Rindzevicius, Zhongli Wang, Lars Schulte, Michael Schmidt, Anja Boisen, Sokol 
Ndoni, High Performance Surface-enhanced Raman scattering (SERS) Substrate via Block Copolymer Lithography. 
ACS Appl. Mater. Interface, under review. 
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Abstract 
 

Amphiphilic triblock copolymer can self-assemble into a vast variety of micelles in selective solvents, 
which provides many possibilities for the future applications of amphiphilic block copolymers. We 
investigated, both experimentally and theoretically, the self-assembly behavior of amphiphilic block 
copolymers in selective solvent. It was found that the pathway of the self-assembly depended on the 
cooling rate, initial condition and external field. This phenomenon can be attributed to the existence of 
many metastable states in the system. Moreover, it was found that in uniform shear flow, the size 
distribution of the vesicles was much narrower than that in nonuniform shear flow and the uniformity 
of the vesicles increased with increasing shear rate. The results show that the metastable states in the 
system can be modulated and the self-assembled morphology can be controlled by shear flow. 
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Abstract 
 

The self-assembly of solvent-annealed block copolymer thin films susceptible to microphase separate into 
cylindrical, lamellar and gyroid phases is investigated. Here, we report on untemplated and templated 
semicrystalline poly(1,1-dimethyl silacyclobutane)-block-polystyrene (PDMSB-b-PS) thin films enabling 
the production of highly-ordered patterns with sub-10 nm features. These periodic structures, consisting 
of easily etchable PDMSB cylinders or lamellae with an out out-of-plane orientation separated by PS 
domains, are suitable for next generation lithography. We also explore the directed self-assembly of sub-
100 nm thick PDMSB-b-PS layers into a double gyroid structure with long-range 211 plane ordering 
achieved by using topographical substrates (see Fig. 1). Such a morphology consisting of two continuous 
interpenetrating networks in 3D space makes them a good candidate to fabricate efficient device active 
layers. 

 
Figure 1: (2 x 2 µm²) AFM topographical view of a solvent-annealed PDMSB-b-PS thin film deposited 
on a topographical substrate. (211) planes of the double gyroid phase are oriented along the groove 
direction. 
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Abstract 

 
The sequential crystallization of poly(ethylene oxide)-b-poly(e-caprolactone)-b-poly(L-lactide) (PEO-b-
PCL-b-PLLA) triblock terpolymers, in which the three blocks are able to crystallize separately and 
sequentially from the melt, is presented1. The study of these novel triple crystalline triblock terpolymers 
provides new fundamental insights on the formation of mixed triple crystalline spherulites and sequential 
crystallization of triblock terpolymers1-4. Two terpolymers5 with identical PEO and PCL block lengths 
and two different PLLA block lengths are compared (PEO29PCL42PLLA29

16.1 and PEO23PCL34PLLA43
19.9). 

Thus, the effect of increasing PLLA content on the crystallization behavior and morphology was 
evaluated. 
Both terpolymers exhibit a homogeneous melt morphology (as confirmed by SAXS) which is evidence of 
the miscibility of the three blocks in the melt. WAXS and DSC experiments performed on cooling from 
the melt confirmed the triple crystalline nature of the terpolymers and revealed that they crystallize in 
sequence: first the PLLA block, then the PCL block, and finally the PEO block. Because PLLA 
crystallizes first, it affects the subsequent crystallization of PCL and later, both PLLA and PCL crystals 
restrict the crystallization of PEO. The crystallization of the PLLA block forms a superstructural template 
for the morphology of the other two blocks. PLOM observations revealed that the triblock terpolymer 
with a lower PLLA content had an axialitic-like morphology formed by the PLLA block. But at higher 
PLLA content, the crystalline superstructure is more similar to spherulites. Upon further cooling from the 
melt, the subsequent crystallization of the PCL and PEO blocks do not alter the already formed 
superstructure. These two blocks crystallize inside the interlamellar regions of the PLLA template. Mixed 
spherulitic superstructures are formed and clear changes in the birefringence reflect the sequential 
crystallization of each block. This unique triple crystalline morphology where three different types of 
lamellae coexist has been observed for the first time. 
 
1 J. K. Palacios, A. Múgica, M. Zubitur, A. Iturrospe, A. Arbe, G. Liu, D. Wang, J. Zhao, N. Hadjichristidis, A. J. 
Müller. RSC Adv., 2016, 6, 4739-4750.  
2 S. Huang, S. Jiang. RSC Adv., 2014, 4, 24566–24583. 
3 R. V. Castillo, A. J. Müller. Prog. Polym. Sci., 2009, 34, 516–560. 
4 A. J. Müller, M. L. Arnal, V. Balsamo. Lect. Notes Phys., 2007, 714, 229–259. 
5 J. Zhao, D. Pahovnik, Y. Gnanou, N. Hadjichristidis. Polym. Chem., 2014, 5, 3750 –3753.  
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Abstract 
All-conjugated block copolymers containing two different conjugated blocks can self-organize into well-
defined structures at the nanometre scale both in solution and the solid state, driven by factors such as 
immiscibility or crystallizability difference between the blocks of all-conjugated diblock copolymers 
poly(p-phenylene)-block-(3-hexylthiophene) (PPP-b-P3HT, denoted as BnTm ).  In this paper, we 
investigate the influences of relative strength of crystallization on morphology, competition between 
microphase separation, break out crystallization and confined crystallization of the two conjugated 
blocks, the transformation between face-on and edge-on molecular orientation, and the self-epitaxial 
crystallization between the two blocks will be discussed in detail1-4.  We investigated the molecular 
orientation and tuned self-epitaxial crystallization of B39T18 by controlling the heating process.  Three 
different self-epitaxial crystallization circles were conducted in order to see the orientation change of the 
two blocks.  First, when the pristine film was heated to 120 ℃, above the melting temperature of PPP 
blocks, P3HT started crystallizing with edge-on orientation in the heating process when PPP blocks were 
molten since the edge-on orientation was a more stable state for P3HT blocks. During cooling, PPP 
blocks also crystallized with an orientation of edge-on induced by the formed edge-on P3HT crystals 
previously via self-epitaxial crystallization.  Second, when the pristine film was heated in the melting 
temperature region (78 ~97 ℃) of PPP blocks and underwent isothermal crystallization for 30 minutes, 
the partly melting of PPP blocks promoted the extension of P3HT blocks to result in P3HT blocks 
crystallizing in a face-on orientation due to the steric limitation effect exerted by the face-on PPP blocks.  
The face-on orientation of P3HT was stable even when PPP blocks were melted totally in the heating 
process.  During cooling, PPP blocks crystallized with face-on orientation under the self-epitaxy of P3HT 
blocks.  Thus, the PPP and P3HT blocks crystals were both adopted face-on orientation after this heating-
cooling circle.  Furthermore, by heating above the melting points of the two face-on blocks (230 ℃),  the 
crystal nucleus of self-epitaxy for the PPP and P3HT blocks were absent. However, P3HT blocks with the 
higher melting point crystallized with a more stable edge-on orientation again during cooling, which acted 
as self-epitaxy template to induce an edge-on orientation of PPP blocks.  We also observed that the self-
epitaxy crystallization induced by limitation effect only in B39T18, while no such phenomenon was 
found in B39T9, B41T44 and homopolymers blends of PPP and P3HT.  This result was attributed to the 
satisfaction of the two necessary requirements for self-epitaxial crystallization, one was the covalent 
bonding between blocks, and the other was P3HT transition from amorphous to crystalline through 
annealing. 
 
1 Hua Yang, Rui Zhang, Lei Wang, Jidong Zhang, Xinhong Yu, Jiangang Liu, Rubo Xing, Yanhou Geng and 

Yanchun Han*,Face-on and Edge-on Orientation Transition and Self-epitaxial Crystallization of All-conjugated 
Diblock Copolymer, Macromolecules, Accepted. 

2 Xinhong Yu, Hua Yang, Shupeng Wu, Yanhou Geng, Yanchun Han*, Microphase separation and crystallization of 
all-conjugated Phenylene-Thiophene diblock Copolymers, Macromolecules, 45(1), 266-274, 2012.  

3 Hua Yang, Lei Wang, Xinhong Yu, Jidong Zhang, Yanhou Geng, and Yanchun Han*,Nanowire Shish-Kebab 
Structures and Molecular Orientation Control of All-Conjugated Diblock Copolymers, Chem. Asian J. 2014, 9(8), 
2239 – 2248 

4 Xinhong Yu, Hua Yang, Shupeng Wu, Lei Wang, Yanhou Geng, Yanchun Han*,Crystallization dominated and 
microphase separation/ crystallization coexisted structure of all-conjugated phenylene-thiophene diblock 
copolymers, Journal of Polymer Science Part B-Polymer Physics, accepted. 

 



EUPOC 2016 on BLOCK COPOLYMERS FOR  
NANOTECHNOLOGY APPLICATIONS 

GARGNANO – LAKE GARDA (ITALY), 22-26 MAY, 2016 
 

  34 

OC19 
 



EUPOC 2016 on BLOCK COPOLYMERS FOR  
NANOTECHNOLOGY APPLICATIONS 

GARGNANO – LAKE GARDA (ITALY), 22-26 MAY, 2016 
 

  35 

OC20 
 

SYNTHESIS OF HIGHLY REGULATED CRYSTALLINE-FLEXIBLE BLOCK 
COPOLYMERS VIA STEREOSELECTIVE COORDINATION POLYMERIZATION 

OF CONJUGATED DIENES WITH STYRENE AND OTHER MONOMERS 
DONGMEI. CUI1, ZHONGBAO JIAN, LINGFANG WANG, BO LIU 

1Changchun Institute of Applied Chemistry, Chinese Academy Science,5625 Renmin Street, 130022 
Changchun (P. R.China) – Email: dmcui@ciac.ac.cn 

 
Abstract 

 
Block copolymers are usually synthesized by anionic mechanism, which are weak of stereo-control. 
Meanwhile, the coordination polymerization is specific selective to afford polymers with stereo-regular 
microstructures that are crucial to endow the polymers high performances, such as isotactic 
polypropylene and syndiotactic polystyrene etc plastics possessing high melting temperatures as 
compared to their amorphous atactic analogues, and the highly cis-1,4 polyisoprene and polybutadiene 
being high performance rubbers while 3,4-polyisoprene and 1,2-polybutadiene being plastics. However, 
the coordination polymerization usually encounters the problems of chain-transfer and β-proton 
elimination and chain-walking etc side reactions, therefore living coordination polymerization has been 
challenging project of polymer science.  
Herein we report a series of novel diblock or pseudo diblock copolymers with different regularities have 
been synthesized by coordination polymerizations using the novel rare-earth metal complexes in 
combination with co-activators. The aminophenyl cyclopentadinyl rare-earth metal cationic catalyst 
catalyzed the copolymerization of butadiene and styrene to afford the flexible highly cis-1,4 regulated 
polybutadiene and crystalline syndiotactic polystyrene diblock copolymers with variable sequence 
lengths, surprisingly no matter by sequentially adding or mixing together of the two monomers. The 
bis(phosphino)carbazoide rare-earth metal catalyst initiated the living highly cis-1,4 selective 
polymerization of isoprene followed ring opening polymerization of ε−caprolactone to give the polar and 
none polar diblock copolymer. The NSN-tridentate rare-earth metal complex was an efficient catalyst for 
the highly cis-1,4 selective block copolymerization 2,3-dimethyl-1,3-butadiene (DMB) and butadiene to 
give a crystalline-rubber product. All these block copolymers are difficult to access with anionic 
polymerization manner, which have unique morphologies and mechanical properties.        
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Abstract 
 

2,3-Dimethyl-1,3-butadiene (DMB) is one kind of conjugated diene monomer with a simple and 
symmetrical structure, which can be polymerized in cis-1,4, trans-1,4 and 1,2 fashion. cis-1,4-Poly(2,3-
dimethyl-1,3-butadiene) (cis-1,4-PDMB), possessing high crystallinity and a high melting temperature, is 
a promising thermoplastic. cis-1,4-PDMB was first synthesized by Yen using TiCl4/AliBu3 initiator more 
than 70 years ago1. Recently, Porri et al. found that iron catalysts can also exhibit high cis-1,4 selectivity 
for the DMB polymerization at room temperature2. Although rare-earth metal-based catalysts 
demonstrated excellent regio- and stereoselectivity for the polymerization of many conjugated diene 
monomers,3 however, few rare-earth metal catalysts were reported to show high active and selectivity for 
the DMB polymerization4. Meanwhile, cis-1,4-polybutadiene (cis-1,4-PBD) (> 97%), as one type of 
important synthetic rubber, possesses many advantages such as superior tensile strength, excellent 
abrasion resistance, and dynamic performance. In consideration of thermoplastic cis-1,4-PDMB and 
elastic cis-1,4-PBD, incorporating these two type of dissimilar substructures into one single polymer to 
form diblock copolymer is an interesting work. cis-1,4-PDMB is highly crystalline and hard to process 
and then the incorporation of “soft” cis-1,4-PBD segment can improve toughness of “hard” cis-1,4-
PDMB. On the contrary, cis-1,4-PDMB can reinforce the elastic cis-1,4-PBD. To date, no catalyst 
systems display dual catalysis for the copolymerization of DMB and BD with high cis-1,4 selectivity and 
high activity. In this presentation, we report a heteroleptic gadolinium dibenzyl precursor, which can 
efficiently initiate DMB and BD copolymerization to give diblock copolymer with well-defined 
stereochemistry while controlling molecular weight, and molecular weight distribution. More remarkably, 
diblock copolymers containing “hard” cis-1,4 PDMB block and “soft” cis-1,4 PBD block could be 
invariably obtained regardless of sequential addition or concurrent addition of both monomers. 

 

 

                                                
1 T. F. Yen, J. Polym. Sci., 1959, 35, 129. 
2 C. Bazzini, A. Giarrusso and L. Porri, Macromol. Rapid Commun., 2002, 23, 922. 
3 Z. Zhang, D. Cui, B. Wang, B. Liu, Y. Yang, Struct Bond, 2010, 137, 49. 
4 F. S. Wang and A. Bolognesi, Polym. Commun., 1982, 3, 238. 
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NEW APPROACHES IN BLOCK COPOLYMER SYNTHESIS: ONE-POT 

PREPARATION AND CONTINUOUS MICROREACTOR-BASED GENERATION OF 
BLOCK COPOLYMERS WITH CONTROLLED POLYDISPERSITY 

HOLGER FREY,1,* AXEL H. E. MÜLLER, 1 DANIEL LEIBIG, 1 EDUARD GRUNE, 1 JAN MORSBACH 1 

1Institute of Organic Chemistry, Johannes Gutenberg University Mainz,, Duesbergweg 10-14, 
55128 Mainz (Germany) – Email: hfrey@uni-mainz.de 

 
   Rapid and facile synthetic routes for well-defined block copolymers are highly desirable, given the vast 
application potential and promise of this class of materials, particularly to generate ordered, phase-
segregated nanostructures. Here we present a one-pot strategy for AB diblock copolymers that is 
applicable for a broad molecular weight range up to ultra-high molecular weight block copolymers. The 
approach relies on the in-situ monitoring of the simultaneous carbanionic copolymerization, which 
permits direct observation of the monomer consumption.1) This method is applicable for copoly-
merizations carried out in apolar solvents, such as cyclohexane or toluene due to the rather slow reaction 
kinetics in such media. From the decrease of the monomer concentrations the incorporation probability 
for each monomer at every position of the polymer chain can be determined with unprecedented 
precision. In-situ kinetic studies of a variety of carbanionic copolymerizations have been carried out in 
our group.2) Both copolymerization of structurally similar, protected hydroxy-styrene derivatives, i.e., 
p(1-ethoxy ethoxy)styrene (pEES) and 4-tert-butoxystyrene (tBuOS) and the copolymerization of 
chemically different monomers have been studied. 
   Copolymerization of isoprene and styrene (I/S) in cyclohexane leads to a strong gradient, since isoprene 
reacts considerably faster than styrene. In the context of a reinvestigation of this system, the in-situ NMR 
technique enabled precise assessment of the comonomer gradient, resulting in copolymerization 
parameters of r1=15.5 (isoprene) and r2=0.05 (styrene). The subtle change from styrene to p-
methylstyrene (I/p-MS) as a comonomer led to a surprising result. Extremely divergent copolymerization 
parameters are obtained (i.e., r1=140 for I and r2=0.02 for p-MS), which enable a one-step synthesis of 
gradient structures with a very narrow gradient between both blocks (Figure 1). The respective structures 
behave like block copolymers and form highly ordered phase-segregated nanostructures that offer great 
promise for block copolymer nanotechnology. 3) In addition, the preparation and study of block 
copolymers with controlled polydispersity, prepared in a continuous process in a microreactor setup, will 
be presented.  
    

   
 

Figure 4, left: Schematic image of comonomer distribution in copolymers of isoprene/p-methyl styrene (top) and 
isoprene/styrene; right: highly ordered lamellar morphology (TEM) of poly(isoprene/p-methylstyrene) block like 

copolymers obtained in one step by simultaneous copolymerization; ratio I/p-MS 50/50; Mn = 60,000 g/mol 
 
 
[1] A. Natalello, M. Werre, A. Alkan, H. Frey, Macromolecules 2013, 46, 8467−8471; [2] A. Natalello, A. Alkan, P. 
Tiedemann, F. Wurm, H. Frey, ACS Macro Lett. 2014, 3, 560-564; [3] E. Grune, D. Leibig, A. H. E. Müller, H. 
Frey, 2016, submitted. 
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Abstract 

 
Because of the variety of applications and properties of organic porous materials, nanoporous polymer-
based materials have attracted significant attention within the research community.i The applications for 
these materials are diverse, i.e. filtration and separation techniques, heterogeneous supported catalysis, as 
well as biosensors or biomedical devices.ii Organic porous materials present unique properties compared 
to their inorganic nanostructured analogues, such as simplicity of functionalisation, tunable mechanical 
properties, and above all low-cost production.iii The preparation of porous materials has been reported 
with pore sizes ranging from some nanometers to some micrometers. More interestingly, block 
copolymers develop well-defined equilibrium domain morphologies, and thus constitute arguably ideal 
nanostructured precursors for the formation of ordered mesoporous polymers.vi In this particular case, the 
copolymer is composed of at least one sacrificial block that should allow, after etching process, for well-
defined and -ordered porosity. The removal of the sacrificial block can be achieved by using two main 
pathways. In particular, the selective hydrolysis of the PLA block associated with polystyrene-block-
poly(D,L-lactide) (PS-b-PLA) diblock copolymers allowed for controlling the porosity and the 
functionality of resulting polymers in previous contributions.v Nevertheless, a somehow “smarter” 
strategy carried out under milder conditions allowed for the removal of the sacrificial component by 
selective degradation of the chemical junction present between both the sacrificial and the remaining 
blocks.vi 
In this context, we herein describe the preparation of PS-b-PLA diblock copolymers possessing different 
cleavable functions (e.g., disulfide, acetal) at the junction point between both blocks via straightforward 
methodologies from heterodifunctional initiators. Their macroscopic orientation, followed by the 
cleavage of the functional bridges joining both blocks leads to the formation of nanoporous polymeric 
materials with specific functions on the pore surface. First, heterobifunctional initiators containing either 
a disulfide bridge or an acetal function within their structure and terminated by both a tertiary alkyl 
bromide (C−Br) and an alcohol group have been prepared. Such asymmetric initiators have enabled 
successive initiation of styrene and D,L-lactide polymerization via Atom Transfer Radical Polymerization 
and Ring Opening Polymerization, respectively, thus allowing for the generation of well-defined PS-b-
PLA diblock copolymers with low polydispersity indexes (Ɖ  < 1.3)and a PLA volume fraction close to 
0.35. Then, these copolymers have been oriented via solvent annealing or channel die processing. A 
specific chemically-mediated cleavage of the junctions has permitted to remove the sacrificial block, i.e. 
PLA, thus generating nanoporous frameworks with pore walls lined with either thiol or aldehyde groups. 
Such functional nanopores could be further decorated by adsorption of in-situ generated gold 
nanoparticles. The resulting hybrid materials have successfully been used as heterogeneous catalytic 
supports in model reactions, such as nitro compounds reductionvii or C-C coupling. 
 
i Wu, D.; Xu, F.; Sun, B.; Fu, R.; He, H.; Matyjaszewski, K. Chem. Rev. 2012, 112, 3959. 
ii Guan, J.; Fujimoto, K. L.; Sacks, M. S.; Wagner, W. R., Biomaterials 2005, 26, 3961. 
iii Martin, C. R. Science 1994, 266, 1961. 
iv Olson, D. A.; Chen, L.; Hillmyer, M. A. Chem. Mater. 2008, 20, 869. 
v (a) Zalusky, A. S.; Olayo-Valles, R.; Wolf, J. H.; Hillmyer, M. A. J. Am. Chem. Soc. 2002, 124, 12761; (b) 
Grande, D.; Penelle, J.; Davidson, P.; Beurroies, I.; Denoyel, R. Microporous Mesoporous Mater. 2011, 140, 34; (c) 
Majdoub, R.; Antoun, T.; Le Droumaguet, B.; Benzina, M.; Grande, D. React. Funct. Polym. 2012, 72, 495. 
vi Glassner, M.; Blinco, J. P.; Barner-Kowollik, C. Polym. Chem. 2011, 2, 83. 
vii Le Droumaguet, B.; Poupart, R.; Grande, D. Polym. Chem. 2015, 6, 8105. 
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Abstract 

 
The incorporation of inorganic nanoparticles (NPs) into polymers is an attractive approach to obtain 

new polymeric materials with large-scale properties and remains a significant challenge [1]. Several 
techniques and methodologies have been regularly proposed in order to improve their properties. Among 
them, in situ synthesis is considered as a versatile approach. In this study, it is aimed to synthesize 
polyvinylalcohol (PVA); and then mixed with a variety a small amount of metallic ions such as Cu2+, 
Mg2+ and Ni2+. The phase behavior and thermal stablity of the obtained mixtures are explored using FTIR 
and TGA analysis.  

It is well known that the thermal stability and the flam retradency are the most important properties of 
polymer materials. In this context, we have focused our efforts on the metallic ion amount effect allowing 
their best incorporation into the polymeric matrix and giving the best thermal stability. As an example, 
the figure 1 shows the FTIR spectra resulting to the kinetic conversion of polyvinylacetate (PVAc) to 
polyvinylalcohol (PVA). As can be seen, PVAc shows only one carcterstic band localized at 1740 cm−1 
assigned to free carbonyl groups, while the PVA is not abosorbed in this region. 
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Figure 1: FTIR specta resulting to the alcolization of PVAc. 
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Abstract 
 
Today, polymer synthesis has attained a control of the architectures at the molecular level allowing a fine-
tuning of final properties. At the opposite, even if significant progress have been achieved over the last 
decades, carbohydrate chemistry still suffers in the control of polyfunctionality and 
stereochemistry(chirality) of carbohydrate building blocks. From the association of polymer & glyco-
science was born the term glycopolymers which are defined as pendant sugar moieties along the polymer 
backbone or at the end of the chain. Glycopolymers are able to strongly interact with proteins, 
carbohydrates or others species through multivalent interactions, mimicking natural polysaccharides. 
Since 10 years, in the “Physico-Chemistry and Self-assembly of Glycopolymer” group of CERMAV, a 
new research area has emerged with the preparation and studies of self-assembly of block or graft 
amphiphilic copolymers. These sugar-based BCPs self-assemble in solution to give nanoparticles made of 
outer corona of sugars and in thin film giving rise to controlled nanostructured materials. The applications 
areas are diverse and includes cosmetic, nanomedecine and nanoelectronic. A significant breakthrough 
was realized with the obtaining of nano-organized thin films made from hybrid glycopolymers with size 
and domain spacing approaching 10 nm while the state-of-the-art is 20 nm when using petroleum 
molecules.1 For both applications, the introduction of biosourced poly-/oligo-saccharides block is highly 
desirable in regards to their high hydrophilicity, chemical functionalities, biocompatibility, 
biodegradability and their relevant biological activities. 
To achieve a high degree of homogeneous and ordering nanostructures, narrow molecular weight 
distribution of blocks are mandatory. Well-defined maltoheptaose and cyclodextrin as well as 
oligosaccharides from xyloglucan, chitosan and chondroitin sulfate were coupled to various synthetic and 
functional polymers. 
Usually, the synthesis of carbohydrate-based copolymers followed a three-step strategy consisting of: 

• 1) preparation of scalable and size-homogeneous oligosaccharides from biosourced 
polysaccharides obtained by enzymatic or chemical processes; 

• 2) conjugation with “clickable” functions at anomeric position. The regioselective introduction of 
clickable functions into specific positions of unprotected oligosaccharides is one of the key steps. 
The traditional reductive amination, modified Kotchekov reaction and Shoda’s activation using 2-
chloroimidazolinium salt in aqueous solution were used.2 

• 3) « Click » coupling of pre-formed blocks referred as « grafting onto » method. Cu(I)-catalyzed 
azide-alkyne cycloaddition (CuAAC) was first performed with high yield. Residual metal catalyst 
in BCPs could limit their future development. Currently, we investigate the metal-free and/or 
cleavable click reaction such as thiol-maleimide addition.3 

All those systems are generally characterized with the state-of-the-art techniques including: NMR, 
MALDI, GPC,…, and light scattering.  

                                                
1 Otsuka, I.; Tallegas, S.; Sakai, Y.; Rochas, C.; Halila, S.; Fort, S.; Bsiesy, A.; Baron, T.; Borsali, R. Nanoscale, 5, 
2013, 2637-2641. 
2 de Medeiros Modolon, S.; Otsuka, I.; Fort, S.; Minatti, E.; Borsali, R.; Halila, S. Biomacromolecules 13(4), 2012, 
1129-1135. 
3 Petrelli, A.; Borsali, R.; Fort, S.; Halila, S. Carbohydr. Polym. 124, 2015, 109-116. 
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Abstract 
 

Self-assembly of block copolymer micelles offers access to ordered nanodomains with tunable 
dimension and structure through control of such molecular parameters as volume fraction and molecular 
mass. We fabricated three-dimensional hierarchical porous carbon (3D-HPC) with an interconnected 
network structure and with nitrogen-rich functional groups through a pyrolysis procedure of multiple 
layers of closely-packed diblock copolymers micelles.  

The resultant 3D-HPC with a considerable specific surface area serves as an excellent substrate for 
surface-enhanced Raman spectroscopy (SERS), coupled with fluorescence quenching, for sensing of 
adsorbed dye molecules. The abundant nitrogen atoms terminated on the surface of 3D-HPC 
nanostructures play a critical role in promoting large chemical enhancement generated via charge transfer 
and dipole-dipole interactions. Most importantly, the observed enhancement factors show clear 
dependence on the mesoscaled porosity within 3D-HPC, indicating that the chemical enhancement can be 
steadily tuned by controls over interfacial areas as a function of nanosphere size and packing density. The 
unique architecture of 3D-HPC based on the construction of a well-defined core-shell nanosphere 
network building block provides a new design strategy for fabricating SERS substrates. 
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Abstract 
 
While block copolymer (BCP) thin films are widely considered as a means to expand lithographic 
capabilities for semiconductor patterning, there remain challenges to overcome. In particular, the 
nanoscale, self-assembled, phase-segregated polymer domains, which form the BCP etch mask typically 
present topological defects, as well as feature roughness, which are undesirable for semiconductor 
patterning and integrated circuit fabrication. Mass manufacture requires extremely low levels of 
defectivity and line-edge roughness, in addition to uniformity and feature registration. Suitable patterns 
are typically achieved through ordering techniques: graphoepitaxy, chemoepitaxy, and annealing. 
Quantification of defects (line edge roughness, orientation, and defectivity) is essential for screening 
newly developed BCP architectures, annealing methods, and substrate designs. To facilitate this, we have 
developed a tool set for use with ImageJ (a cross-platform image analysis program) for the automated 
analysis of line patterns templated from BCP thin films.[1] We have applied such analysis to metallic 
nanopatterns templated from polysturene-block-poly(2-vinylpyridine) in combination with various 
annealing methods, including thermal with microwave[2-4] and conventional heat sources, solvent 
annealing[5], and solvothermal annealing[3,4], in addition to studies of polymer composition via blending[4]. 
Together, the data provides insight about how these processes affect the pattern development in terms of 
the kinetics of defect elimination and the variety of topological defect types observed. Such tools can 
enable those designing new BCP systems to evaluate their potential for nanolithography, without the need 
for extensive image analysis skills. Moreover, moving beyond typical block copolymers, these analyses 
are currently being extended to study the self-assembly of oligiomeric, siloxane-based liquid crystalline 
materials which form similar morphologies while possessing smaller, sub-10-nm features.  
 
 
 
[1] JN Murphy, KD Harris, JM Buriak, Plos ONE, 2015. DOI: 10.1371/journal.pone.0133088 
[2] C Jin, JN Murphy, KD Harris, JM Buriakm, ACS Nano,2014. DOI: 10.1021/nn5009098 
[3] X Zhang, KD Harris, NLY Wu, JN Murphy, JM Buriak, ACS Nano, 2010, DOI: 10.1021/nn102387c 
[4] X Zhang, JN Murphy, NLY Wu, KD Harris, JM Buriak, Macromolecules, 2011, DOI: 10.1021/ma202064t 
[5] NLY Wu, X Zhang, JN Murphy, J Chai, KD Harris, JM Buriak, Nano Lett, 2012, DOI: 10.1021/nl203488a 
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Abstract 
 

In this work, we systematically investigated the ordering process of cylinder-forming PS-b-PMMA block 
copolymers (BCPs) when disposed on periodic gratings and compared with the results obtained on the 
flat surface. The periodic gratings, consisting in groups of 10 parallel trenches, were defined by 
conventional Electron Beam Lithography and propagated into the SiO2 substrate by means of Reactive 
Ion Etching. Subsequently, the topographically patterned substrate is neutralized using a functional P(S-r-
MMA) random copolymer. The BCP solution is then spun over the neutralized surface and annealed at 
temperatures ranging from 180 to 230 °C. When the self-assembly process takes place on topographically 
patterned substrates, many phenomena have to be considered. First of all, the concomitant presence of the 
backwash effect around the gratings and the BCP flux from the zone located between adjacent trenches 
into the inner part of the trenches produces a significant thickness variation of the confined BCP film. 
Consequently, within each group of trenches the BCP thickness progressively decreases from the external 
to the central trenches composing the periodic grating. As the ordering process is strongly affected by the 
thickness of the BCP film within the trenches, different orientations of the microdomains within the 
trenches occur, as shown in Figure 1.  
 

 
Figure 1: SEM and AFM micrographs representing the morphology of the BCP film confined inside periodic 

trenches with W = 600 nm, treated at 190 °C (a)-(b) and 200 °C (c)-(d). 
 
 

In particular, when the samples are annealed at 190 °C (Figures 1a,b) a precise confinement of the BCP 
film within the trenches is observed. At higher temperatures, parallel or mixed orientations (Figures 1c,d) 
of the microdomains are obtained as a function of the trench width. 
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Abstract 
 
The self-assembly of block copolymers (BCPs) is a powerful tool for the fabrication of nanostructured 
morphologies in two (2D) and three dimensions (3D). In the 2D confinement of a thin film, BCPs are 
useful, for example, for the generation of masks for nanolithography applications.1 In 3D, on the other 
hand, BCPs can self-assemble into more complex morphologies, e.g. a bicontinuous gyroid structure. 
Such bicontinuous 3D networks are very promising candidates for the fabrication of photonic crystals or 
optical metamaterials.2 Regardless of the final morphology, an annealing process is required to produce 
nanostructured assemblies with the desired degree of lateral ordering and orientation of the polymer 
microdomains. While solvent vapour annealing has recently emerged over thermal annealing as a more 
effective means for controlling and manipulating the self-assembly of BCPs, a comprehensive 
understanding of the self-assembly process has yet to be achieved. In this talk I will present examples of 
obtaining detailed structural information of BCP films in the swollen state, or as solvent is removed, by 
means of in situ grazing-incidence small-angle X-ray scattering (GISAXS). These in situ GISAXS studies 
of solvent annealed BCP films of different morphologies resulted in larger grain sizes of cylindrical 
microdomains,3 deswelling-induced symmetry breaking of in-plane sphere order,4 and enhanced lateral 
ordering of gyroid-forming BCPs of different molecular weights.5  

                                                
1 Gu, X.; Gunkel, I.; Russell, T. P. (2013), Phil. Trans. R. Soc. A, 371, 20120306.  
2 Stefik, M.; Guldin, S.; Vignolini, S.; Wiesner, U.; and Steiner, U. (2015). Chem. Soc. Rev.,44, 5076-5091 
3 Gu, X.; Gunkel, I.; Hexemer, A.; and Russell, T. P. (2016). Macromolecules, in press. 
4 Gunkel, I.; Gu, X.; Sun, Z.; Schaible, E.; Hexemer; A. and Russell, T. P. (2016). J. Polym. Sci. Part B: Polym. 
Phys., 54: 331–338. 
5 Dolan, J. A.; Korzeb, K.; Gu, Y., Wiesner, U.; Wilts, B. D.; Steiner, U., and Gunkel, I., unpublished.  
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Abstract 

 
Block copolymer self-assembly is a key tool for fabricating membranes with high pore density and 

pore uniformity. The process of membrane fabrication where the self-assembly of the block copolymers 
combines with the non-solvent induced phase separation (SNIPS)1, offers an easy and intribuing way to 
prepare isoporous structures on the selective surface of the membranes. In this study, we have fabricated a 
double layer hollow fiber where an isoporous surface of polystyrene-block-poly(4-vinylpyridine) (PS-b-
P4VP) is fixed on a support layer of a nomopolymer/random copolymer blend by co-extrusion. The 
random copolymer is composed of a partially chemically modified (sulfonate) commercially available 
polymer. Due to the sulfonation, delamination of the two layers is suppressed without the necessity to 
increase the number of subsequent processing steps for isoporous composite membrane formation. Good 
interfacial integrity between block copolymer and the blends is confirmed by scanning electron 
microscopy (SEM). Elemental analysis by scanning electron microscope-energy-dispersive X-ray 
spectroscopy (SEM-EDS) unveils the existence of a high sulphur concentration in the interfacial region 
by which in-process bond formation between layers is evidenced. For the very first time, our study reports 
a facile method to fabricate sturdy isoporous double layer hollow fiber.2 

 
 
Acknowledgement: Brigitte Lademann, Thomas Emmler, Silvio Neumann, Anke-Lisa Metze, Sofia 
Dami, Maren Brinkmann are acknowledge for their support in synthesis and characterization of polymers 
and fibers. 
 
 
1. V. Abetz, Macromolecular Rapid Communications, 36, 10 (2015) 
2. N. Noor, et al., Macromolecular Rapid Communications, DOI: 10.1002/marc.201500593 



EUPOC 2016 on BLOCK COPOLYMERS FOR  
NANOTECHNOLOGY APPLICATIONS 

GARGNANO – LAKE GARDA (ITALY), 22-26 MAY, 2016 
 

  55 

OC40 
 

THE REVERSIBLE PORE OPENING AND CLOSING OF BLOCK COPOLYMERS 
INDUCED BY SELECTIVE SWELLING 

NINA YAN, YONG WANG*  

State Key Laboratory of Materials-Oriented Chemical Engineering, National Engineering Reseaerch 
Center for Specialized Membranes, College of Chemical Engineering, Nanjing Tech University, 5, Xin 

Mofan St., 210009 Nanjing (China) – Email: o424yan186@163.com; *yongwang@njtech.edu.cn 
 

Abstract 
 

Switchable nanoporous membranes which can repeatedly alternate their porosities are of great interest 
in a diversity of fields. However, most of these intelligent materials can only change their porosities in 
relatively narrow ranges, typically under wet conditions, severely limiting their applications. Our work 
develop a new system based on an amphiphilic block copolymer membrane, polystyrene-block-poly (2-
vinyl pyridine)(PS-b-P2VP), which is capable of reversibly switching between a highly porous and a 
nonporous state for dozens of times regulated simply by exposure to selective solvents of the 
corresponding blocks, as shown in Figure 1. Trhough systematical microscopic and ellipsometric 
characterizations, the porous structures obtained by immersion in P2VP-selective solvents following the 
selective swelling-induced pore generation mechanism1 are confirmed to recover to the original dense 
conditions and the thickness also falls down to the initial value after soaking in PS-selective solvents. We 
also find that higher temperature, longer immersing time as well as solvents with higher affinities towards 
PS blocks lead to a more complete closing status. Moreover, the cycling between pore-opening and –
closing canrepeat for at least 20 times, with a slight increase in membrane thickness as affirmed by 
ellipsometry. To demonstrate the potential applications of this reversible process, the antireflective (AR) 
and controlled release properties of the membranes at different opening or closing extents are tested. The 
AR property fluctuates with the switching between pore-opening and –closing in both visible light and 
near-infrared regions. The release rate of the loaded bovine serum albumin (BSA) can be controlled 
through closing the membrane for different periods of time and the release of the BSA filled in the 
membrane which is closed in cyclohexane for 30 s can last at least 20 days without an initial burst. 

 
Figure 1. The reversible switching of the polystyrene-block-poly (2-vinyl pyridine) membranes by 

exposure to selective solvents of the corresponding blocks 
 
 
 
References 
1. Y. Wang and F. Li, Advanced Materials, 2011, 23, 2134-2148 
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Abstract 
 

We develop a retarded evaporation approach for the alignment of cylinder-forming block copolymer 
supramolecular monoliths, 3-n-pentadecylphenol (PDP)-hydrogen-bonded polystyrene-b-poly (4-
vinylpyridine) (PS-b-P4VP). A variety of highly ordered, aligned morphologies are produced by varying 
the dosages of PDP in the supramolecules. Treatment of the aligned supramolecular monoliths in hot 
ethanol leads to the dissolution of PDP and the selective swelling of P4VP, yielding enlargeable ordered 
mesopores along the original P4VP/PDP domains. Particularly, from supramolecular monoliths aligned in 
the morphology of perpendicular cylinders and gyroids, we obtain highly ordered monolithic membranes 
containing enlarged straight pores and bicontinuous pores, respectively. The straight and gyroidal pores 
were filled with phenol-formaldehyde resol and further carbonized to produce well-defined carbon 
nanostructures including nanofibers and reversed gyroids, demonstrating the pore accessibility and the 
promising templating functionality of the resulted monolithic membranes. 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Various aligned morphologies of supramolecular monolithic membranes obtained at different 
fP4VP(PDP). 
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Abstract 
 

In the last decade the self-assembly of amphiphilic copolymers have attracted significant interest mainly 
because of their ability to form fascinating nanostructures1. This ability allows the fabrication of a variety 
of bottom up nanostructured materials2. Recently, we have used block copolymer assembly to enable the 
fabrication of ordered porous polymer films with applications in membrane filtration3. Here we report the 
preparation of polymersome clusters that assemble and burst in a collective and controlled way upon 
solvent drying giving birth to isoporous films with a honeycomb-like morphology (Figure 1). A series of 
ABA triblock copolymers of polystyrene-b-poly(sodium 4-styrenesulfonate)-b-polystyrene was prepared 
by RAFT polymerization and self-assembled into various solvent mixtures. The structure of polymer 
aggregates was correlated with the solvent composition and polymer concentration resulting in a certain 
degree of adjustability. When targeting vesicular aggregates, honeycomb-like films were produced with a 
well-defined pore size which could open a new route towards the preparation of isoporous filtration 
membranes. 

 
Figure 1: Nanoporous polymer film from ABA triblock copolymer vesicular assembly. a, schematic 
representation of the film formation. b, AFM top view. c, SEM top and cross-section views. 

                                                
1 Mai, Y. & Eisenberg, A. Chemical Society Reviews 41, 5969-5985 (2012). 
2 Rodriguez-Hernandez, J., Checot, F., Gnanou, Y. & Lecommandoux, S. Progress in Polymer Science 30, 691-724 
(2005). 
3 Upadhyaya, L.et al. Polymer Chemistry 7, 1899-1906 (2016). Mouline, Z., Semsarilar, M., Deratani, A. & 
Quemener, D. Polymer Chemistry 6, 2023-2028 (2015). Tyagi, P. et al. Angewandte Chemie-International Edition 
51, 7166-7170 (2012).  
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Abstract 
 

We present the structural and the dynamic investigation of a novel type of nanocomposite hydrogels 
based on hydrophobically modified ethoxylated urethanes (HEUR) and hydrophobically coated magnetite 
nanoparticles (MNP). The structural characterization is performed through Small Angle Neutron 
Scattering (SANS). The structure of the HEUR polymer matrix in water is described in terms of a 3-
dimensional network having as non-covalent cross-links the hydrophobic domains formed by the 
hydrophobic ends of the HEUR polymer molecules1. The embedding of the hydrophobic MNPs, which 
interact mainly with the hydrophobic domains of the HEUR network, leads to an increase of their size and 
of the distance between them. We observe that at MNP concentration below 1 wt%, the dispersion is quite 
homogeneous, while at higher MNP concentration, large MNPs clusters coexist with single MNPs. We 
find an influence of the MNPs also on the dynamics of the HEUR network. The dynamics of the 
nanocomposite hydrogels is investigated mainly with Dielectric Relaxation Spectroscopy (DRS) and 
Neutron Spin Echo (NSE) spectroscopy2. As observed in the structural characterization1, the 
incorporation of the MNPs within the hydrophobic domains of the HEUR network leads to an increase of 
the size of these domains and to an increase of the domain size of the network. The size increase leads to 
a dilution of the polymers nearby the hydrophobic domain, allowing higher mobility of the smallest 
polymer blobs close to the “center”. This is reflected in the decrease of the activation energy of the β-
process detected in the DRS data. The increase in distance leads to an increase of the size of the largest 
hydrophilic polymer blobs. Therefore, the segmental dynamics of the largest blobs is slowed down. At 
short time scales, i.e. 10-9 s <τ< 10-3 s, the suppression of the segmental dynamics is reflected in the α-
relaxation processes detected in the DRS data and in the decrease of the relaxation rate Γ of the segmental 
motion in the NSE data with increasing the concentration of magnetic nanoparticles. On the other hand, 
the glass transition temperature (Tg) decreases with increasing the MNP loading, indicating an 
acceleration of the segmental dynamics at long time scales (τ~ 100 s). Therefore it would be possible to 
tune the Tg of the hydrogels by varying the MNP concentration. 
 
 
 
 
 
 
[1] A. Campanella, Z. Di, A. Luchini, L. Paduano, A. Klapper, M. Herlitschke, O. Petracic, M.S. Appavou, P. 
Müller-Buschbaum, H. Frielinghaus, D. Richter, Polymer 60, 176-185 (2015)  
[2] A. Campanella, O. Holderer, K. N. Raftopoulos, C. M. Papadakis, M. P. Staropoli, M. S. Appavou, P. Müller-
Buschbaum, H. Frielinghaus, Soft Matter 12, 3214-3225 (2016) 



EUPOC 2016 on BLOCK COPOLYMERS FOR  
NANOTECHNOLOGY APPLICATIONS 

GARGNANO – LAKE GARDA (ITALY), 22-26 MAY, 2016 
 

  59 

OC44 
 

 
EFFECT OF SOLVENT VAPOR ANNEALING ONTO THE STRUCTURE OF  

BLOCK COPOLYMER THIN FILMS 
ANATOLY V. BEREZKIN1, CHRISTINE M. PAPADAKIS1, IGOR I. POTEMKIN2  
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Abstract 
Block copolymer films (BCFs) are usually prepared via the non-equilibrium spin-coating process, 

often resulting in a poorly ordered nanostructure. Annealing of the film by exposure to the vapor of 
organic solvent, i.e. by solvent vapor annealing (SVA), is a simple and cheap technique to relax defects of 
the nanostructure, to implement long-range order and to control nanodomain orientation. SVA can 
strongly facilitate the usage of block copolymers in nanolithography, photovoltaics, photonics ets., but 
comprehensive understanding of this method has not been established yet. 

Using dissipative particle dynamics (DPD), the effect of the solvent quality and selectivity onto the 
long-range order and orientation of cylindrical domains in BCFs during SVA was extensively 
investigated. 1 We simulated asymmetric diblock copolymers with the block lengths NA = 5 and NB = 15 in 
the regimes of intermediate and strong segregation, i.e. at χ(NA + NB) values ranging from 33 to 83. 
Effects of the film thickness and surface tension were also considered. 

While simulated thermal annealing of the considered BCFs mostly resulted in horizontal hexagonally 
packed cylinders, simulations of SVA in the same systems produced different final structures depending 
on the conditions. In these simulations, a BCF is left to dry from a spatially disordered, highly swollen 
state with the initial solvent volume fraction φS = 0.5. Upon drying, the segregation increases, and 
microphase-separation takes place. Firstly, disordered micelles appear all over the film. Later they merge 
into disordered worm-like nanodomains. We found that the solvent selectivity plays a key role for the 
final alignment and orientation of these domains. A vertical orientation of the cylindrical nanodomains, 
shown in the Figure, appears when the solvent is selective for the longer blocks. If the solvent is selective 
for the shorter blocks, a horizontal orientation of the nanodomains is stabilized. SVA with a non-selective 
solvent results in mostly disordered worm-like nanodomains.  

We suppose that reorientation of domains upon SVA from equilibrium horizontal to the less 
thermodynamically probable vertical orientation is governed by the a non-equilibrium effects: diffusion-
driven solvent flow through the system of nanodomains having different viscosities and permeability 
(compared to the matrix), as well as by the interfacial flows of components along interdomain interfaces, 
triggered by the gradient of surface tension (so-called Gibbs-Marangoni effect). We also demonstrated the 
importance of the proper relationship between transport and relaxation processes during SVA, which are 
captured by DPD. Our observations may be helpful in the design of more efficient experimental protocols 
of SVA. 

 

 
Figure. Vertical orientation of nanodomains upon film drying. Shorter and longer copolymer 

blocks are shown in blue and yellow, respectively. 

                                                
1 Berezkin A.V., Papadakis C.M., Potemkin I.I. Vertical Domain Orientation in Cylinder-Forming Diblock 
Copolymer Films upon Solvent Vapor Annealing, Macromolecules, 2016, 49, 415–424. 
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TOWARDS THE CONTROL OF NANODOMAIN FORMATION IN LARGE HYBRID 
POLYMER/LIPID UNILAMELLAR VESICLES (LHV) 
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Abstract 

 
Polymersomes, based on the self-assembly of amphiphilic block copolymers, have been viewed as 
potential formulation for multiple applications in nanomedicine field. Over the last few years, Hybrid 
Polymer/lipid Vesicles became even more attractive structures since they can associate the benefits of 
polymersomes (stability, chemical versatility) with the benefits of liposomes (biofunctionality, 
biocompatibility)1. However, the control of their properties which is obviously linked to their 
structuration (domain formation via phase separation) is still far from being understood up to now, 
particularly at nanoscale.2 Here, we have analysed Large Unilammellar Hybrid Vesicles (LHV) through 
different techniques. LHVs were obtained by association of DPPC, a lipd gel state at room temperature 
with various block copolymers based on poly(dimethylsiloxane) and poly(ethylene glycol) with different 
molar masses allowing to tune membrane thickness. Small Angle Neutron Scattering (SANS) and 
contrast variation technique, which offer the unique possibility to study the structure of these complex 
mixtures at nanometric scales, Time-Resolved Förster resonance energy transfer (TR-FRET) and cryo-
transmission electron microscopy (Cryo-TEM) were used. We first show that hybrid lipid/polymer shell 
form factor and more generally that one of the important parameters governing the membrane 
structuration and the obtention of hybrid vesicle is the hydrophobic mismatch at the polymer/lipid 
boundaries. 

 
 
References 
1. Le Meins, J.-F. et al (2013) Materials Today, 16(10), 397-402 
2. Dao, T.P.T. et al (2015) ACS Macro Letters, 4, 182-186 
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Abstract 
 

This work is based on the development of a simple and elegant route of synthesis for poly(ethylene 
glycol)-poly(ε−caprolactone) (PEG-PCL) diblock copolymers tailed with an azido group, useful for 
conjugation with opportunely modified molecules of biological interest. The purpose is to improve the 
targeting ability of nanoparticles (NPs) prepared by self-assembling of these copolymers. Initial tailoring 
of PEG is performed through a method that allows selective introduction of functional groups at only one 
end1. In step 1, the use of a proper catalyst fully avoids formation of bifunctional PEG, as confirmed 
through 1H-NMR: 
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N3PEG-PCL is synthesized through ring opening polymerization (ROP) of CL initiated by the –OH of 
N3PEG. The azido group has then been used in Copper-catalyzed Azide-Alkyne Cycloaddition “click” 
reaction. This reaction is highly selective, do not produce by-products, require mild conditions and was 
successfully performed with copper wires as catalyst. An example of molecule “clicked” through this 
route is folic acid, one of the most extensively employed targeting moieties to enhance nanocarrier 
accumulation in cancer cells. Folic acid was previously modified with propargylamine through 
carbodiimide chemistry to introduce an alkyne group. A systematic study of the reaction through HPLC 
and mass spectroscopy allowed to select the optimal reaction conditions in order to minimize formation of 
α-conjugate and by-products.2 

 
Fol-PEG1500-PCL4000 was used in various 
percentages with PEG1000-PCL4000 or PEG2000-
PCL4000 to prepare NPs by nanoprecipitation 
technique. The use of PEG blocks with 
different lengths is expected to vary the 
exposition of folate on NP surface. In order to track NP inside cells, both non-folate copolymers were 
conjugated with Rhodamine B as a fluorescent probe through the terminal hydroxyl of PCL block. 
Preliminary in vitro uptake studies in cells overexpressing folate receptor demonstrate a higher extent of 
uptake for NPs exposing folate on short PEG blocks due to receptor-mediated endocytosis.  
 
Acknowledgments The financial support of AIRC IG 2014 #15764 is gratefully acknowledged. 
 
1 R. Mahou, C. Wandrey, Polymers 2012, 4, 561  
2A.F. Trindade et al., Org. Biomol. Chem., 2014, 12, 3181  
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BLOCK COPOLYMER COMPLEXES: ENCODING COMPLEXITY AT DIFFERENT 
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Taking inspiration from mother Nature for a successful encoding of functions (e.g. efficient and/or 
selective ion or dimensionality-controlled electron/hole transfers) into self-assembled and hierarchized 
soft-matter require understanding and mastering the appropriate (but yet very) delicate balances existing 
in between micro/nano-phase segregation processes and non-covalent interactions at work across many 
length scales in between chemically incompatible but linked sub-blocks within multi-block architectures. 
Based on examples selected from the recent literature and from our past five years efforts, we will discuss 
in particular how the combination of synthetic (PS-b-P4VP)2 or biosourced (PBLG-b-PLL)3 diblock 
copolymers, surfactants (phosphonic acid diesters) or pro-mesogenic steroïds (cholesterol hemisuccinate) 
allows for block copolymer complexes self-assembled and hierarchized simultaneously at two different 
length scales (Figure). We will exemplify pathways to control their hierarchical liquid-crystalline 
assemblies by competing interactions and molecular packing frustrations to finally present and discuss 
advanced solutions towards next generation of ionically or electronically conducting soft materials for 
energy and information technology-related applications4. 

 
Figure: Left. Chemical structures of P4VP, PS-b-P4VP, pro-mesogenic steroid CholHS and TEM image 
of the smectic-within-lamellar hierarchical structure developed within PS40k-b-P4VP5.6k(CholHS)0.75. 
Right. Chemical structures of PBLG-b-PLL, dialkyl phosphate surfactants and schematic representations 
of their resulting double-smectic diblock copolypeptide complexes. 
 
                                                
1Acknowledgment: OTI & PR acknowledge Univ. Grenoble Alpes for its support to research conducted within the 
BioTriCo project funded by the UJF “Emergence and Strategic Partnership” program 
2J. T. Korhonen, T. Verho, P. Rannou, O. Ikkala, Macromolecules 43, 1507-1514 (2010) 
3J. S. Haatja, N. Houbenov, H. Iatrou, N. Hadjichristidis, A. Karatzas, C.F.J. Faul, P. Rannou, O. Ikkala, 
Biomacromolecules 13, 3572-3580 (2012) 
4O. Ikkala, N. Houbenov, P Rannou, "From block copolymer self-assembly, liquid crystallinity, and supramolecular 
concepts to functionalities", Handbook of Liquid Crystals, 2nd edition, Eds. J.W. Goodby, P.J. Collings, T. Kato, C. 
Tschierske, H. Gleeson, P. Raines, Wiley-VCH, Weinheim, Germany, Vol.7: Supramolecular and Polymer Liquid 
Crystals, 541-598 (2014) 
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Abstract 

 
Microgels are colloidal stable, soft, cross-linked macromolecular objects that show unique 

behaviour in a bulk,1,2 at liquid3 or solid interfaces. They are characterized by the high sensitivity 
and fast response to the external stimuli, for instance, T, pH, hv, E etc. Microgels have attracted 
notable attention due to their possible applications in both polymer chemistry and the (bio) 
material sector including such areas as drug delivery4, semiconducting materials, sensor 
technology, and many others.  

There is steadily growing interest in the synthesis of complex copolymer microgels with a 
specific affinity to nanoparticles, biopolymers or drugs. Ones of the key challenges during 
polymerisation process are how to control spatial distribution of different comonomers in the 
microgels and how does the spatial distribution of comonomers influence on microgel swelling 
behaviour, internal structure, interaction with guest molecules and etc. In the present study we 
have investigated the properties of microgels with random and block copolymer morphologies 
using a coarse-grained model with a molecular simulation techniques (DPD and MD). In 
particular we consider the correlation between the internal multicomponent structures of thermo-
responsive copolymer microgels and their swelling-to-collapse transition in dilute solution in 
response to pH and temperature stimuli. We take into account different chemical structure of 
comonomers, their distribution inside the gel and also crosslinking density of the particles. 
Moreover we have investigated the peculiarities of copolymer microgels spreading at the liquid/liquid 
interface.  

 
 
Acknowledgments: (DFG) within Collabolative Research Center SFB 985 “Functional Microgels and 
Microgel Systems” and the (RFBR) projects 15-33-21151 and 16-03-00266 is gratefully acknowledged. 
Simulations were performed on multi-petaflops “Lomonosov” supercomputer at Moscow State 
University. 

                                                
1 Rumyantsev, A. M.; Rudov, A. A.; Potemkin, I. I., Communication: Intraparticle segregation of structurally 
homogeneous polyelectrolyte microgels caused by long-range Coulomb repulsion. J. Chem. Phys. 2015, 142 (17), 
171105/1-171105/5. 
2 Schroeder, R.; Rudov, A. A.; Lyon, L. A.; Richtering, W.; Pich, A.; Potemkin, I. I., Electrostatic Interactions and 
Osmotic Pressure of Counterions Control the pH-Dependent Swelling and Collapse of Polyampholyte Microgels 
with Random Distribution of Ionizable Groups. Macromolecules 2015, 48 (16), 5914-5927. 
3 Geisel, K.; Rudov, A. A.; Potemkin, I. I.; Richtering, W., Hollow and core-shell microgels at oil-water interfaces: 
spreading of soft particles reduces the compressibility of the monolayer. Langmuir 2015, 31, 13145-13154. 
4 Schmid, A. J.; Dubbert, J.; Rudov, A. A.; Pedersen, J. S.; Lindner, P.; Karg, M.; Potemkin, I. I.; Richtering, W., 
Multi-Shell Hollow Nanogels with Responsive Shell Permeability. Scientific Reports, DOI: 10.1038/srep22736. 
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Abstract 
 

Patchy particle is an important building block for hierarchical structures because of its discrete patches on 
their surface. However, the well-defined fabrication of patchy particles with controllable numbers and 
sizes of patches is still under development. In this work, we proposed a simple route, by using computer 
simulation method, to fabricate patchy particles with controllable patch symmetry via self-assembly of a 
polymer chain1. In our simulation, various kinds of patchy particles were obtained, simply by the self-
assembly of a single model block copolymer chain in a poor solvent for both components. We obtained 
one-patch, two-patch, three-patch, four-patch, and cross-ribbon patchy particles. Then we studied the self-
assembly of patchy particles with different softness and deformability by varying the cross-linking 
densities in different parts of the particles2,3. We found different nanostructures, such as hydrophobic 
matrix structure and inter-connected membrane structure, by changing the cross-linking density of the 
particles. As a comparison to our simulation work, we used two polystyrene-b-poly(4-vinylpyridine) (PS-
b-P4VP) diblock copolymers with different composition to study the fabrication of patchy particles. We 
first dissolved the copolymer in a good solvent. Then we used water as the poor solvent for both 
components. We can obtain patchy particles with different patch numbers by changing the quality of 
solvent slowly. Our work demonstrates that a rational bottom-up design of patchy particles with 
controllable symmetry is possible by manipulating the block copolymer chain length and solvent quality. 
 

                                                
1 Jing Zhang, Zhong-Yuan Lu, and Zhao-Yan Sun, Soft Matter, 2011, 7, 9944-9950. 
2 Jing Zhang, Zhong-Yuan Lu, and Zhao-Yan Sun, Soft Matter, 2012, 8, 7073-7080. 
3 Zhan-Wei Li, Zhong-Yuan Lu, and Zhao-Yan Sun, Soft Matter, 2014, 10, 5472-5477. 
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Abstract 

Polyethylene Terephthalate nanocomposites (PETNC) were prepared by melt mixing using a twin-
screw extruder. The rheological behaviour of PET with various nanoclays (Somasif MAE, Somasif MTE 
and Cloisite 25A) at different concentrations (1, 3, 5 and 20%) was studied in the molten and film state 
thermal, rheological, permeability and mechanical properties. In the thermal properties, it has been 
observed that the clays enhanced the crystallisation temperature and accelerate the crystallisation rate of 
PET nanocomposites with increasing nanoclay content. In the Oscillatory tests, at low shear rates, an 
increase in the shear viscosity, storage modulus and loss modulus was observed in the PETNC with 
increasing nanoclay content while the viscosity decreased with increasing nanoclay content at high shear 
rates. Cox-Merz rule has been studied. Films of each PETNC were tested using uniaxial and biaxial 
stretching. It was observed that the nanoclay significantly enhanced the barrier properties of the PET film 
by up to 50%. The viscosity was observed to deviate from Newtonian behaviour and exhibited shear 
thinning at certain wt. %. It is possible that the formation of aggregates of clay is responsible for an 
increase in shear viscosity. It was observed that all three nanoclays used in this project act as nucleation 
agents for crystallisation by increasing the crystallisation temperature from the melt and decreasing the 
crystallisation temperature from the solid and increasing the crystallisation rate, while retaining the melt 
temperature and glass transition temperatures without significant change. The PETNC nanocomposites 
exhibit an increase in the tensile modulus of PET nanocomposite films by up to 125% which can be 
attributed to many reasons including the good dispersion of these clays within the PET matrix. The tensile 
test results for the PETNC nanocomposites micro-moulded samples shows that the injection speed is 
crucial factor affecting the mechanical properties of polymer injection moulded products. 
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Abstract 

Tissue engineering scaffolds are polymeric artefact whose aim is to help the adhesion and the 
proliferation of human cells, to promote the reconstruction or the implementation of damaged human 
tissues. For this purpose scaffolds must obviously be highly biodegradable and biocompatible,  with a 3D 
porous structure, mechanical properties and degradation times similar to those of the tissue we want to 
repair [1]. 

In recent years bionanocomposites, multiphase materials where both the polymeric matrix and the 
nano-filler are biodegradable and biocompatible) took the place of conventional polymeric composites for 
the realization of tissue engineering scaffolds, because of their high biodegradability and 
biocompatibility, their low cost and the modulability of their mechanical properties. 

In this work different types of bionanocomposites were synthesized using Cellulose Nanowhiskers 
(CNWs) as nanofiller. CNWs in fact proved to enhance significantly the resistance to degradation of the 
nanocomposites without a loss of mechanical properties [2-3].  

This filler was modified with biodegradable copolymers, to enhance their hydrophobicity,  by a non-
conventional approach named grafting to, modifying the terminal groups of the copolymers with 
isocianate functionalities and then linking them to the groups on the surface of CNWs. For the 
modification were used two different types of of lactic acid/ ε-caprolactone copolymers, a di-block 
copolymer and a random one, both obtained by a living Ring Opening Polymerization. 

A comparison of the properties of the two types of nanocomposite was performed , studying the 
structure of the obtained bionanocomposites by 1H-NMR spectroscopy, GPC and scanning electronic 
microscopy, while their thermal properties were investigated by TGA and DSC. 

 
 
 
 
 

[1] R. Langer, J.P. Vacanti, Science, 1993, 260, 920-926 
[2] A.-L. Goffin, J. M. Raquez, E. Duquesne, G. Siqueira, Y. Habibi, A. Dufresne, Ph. Dubois, Polymer,  2011, 52, 
1532-1538 
[3] S. J. Eichhorn Soft Matter, 2011, 7, 303–315 
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Abstract 

Over the last two decades, the living radical polymerization has been the subject of much academic 
and industrial research. It is well known that the dithioesters are widely used in RAFT technique due to 
their large chain transfer constant compared to trithiocarbonates1. In this contribution, we will describe, 
firstly, the synthesis of a new chain transfer agent such as the benzyl-4-methyldithiobenzoate (BMDTB), 
the monomer, methyl-4-vinyldithiobenzoate (MVDTB) and modification of MVDTB in acyclicmonothio-
orthoesters (MMMS) and cyclicmonothio-orthoesters (MVPOCO). Our second aim in this work is to 
prepare some homopolymers and the diblock copolymers by the RAFT method using the synthesized 
monomers such as styrene standard (S), 2-vinylpyridine (2VP), and 4-vinylpyridine (4VP). 

As can be seen in Figure 1, the 1HNMR spectra revels the presence of several peaks localized, 
respectively, at 3.2 and 3.1 ppm which can be  attributed to methoxy groups of  MMMS and 
homopolymer PMMMS. While, the peak localized around 1.66 ppm may be assigned to methylthio 
(SCH3) groups. The peak observed at 2.3 ppm in block polymer PMMMS is assigned to CH3Ph of RAFT 
agent. The polymerization was confirmed by the absence of peak in the chemical shift between 5.2 and 
6.7 ppm, regularly attributed of protons of the monomer. 

 

Figure 1: 1H NMR spectra of PMMMS polymer recorded in CDCl3. The letters indicate the attributed protons 
 

References 
1. Hadjout, S.; Levesque, G.; Pham, T.N.; Trân, H.N. Polymer 1997, 38, 3691-3696. 
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Abstract 

Amphiphilic block copolymers (BCP) are among the most versatile building blocks used for the fabrication of 
phase-separated nanoparticles (NP) with different morphologies and structures by self-assembly1. A precise control 
over copolymer chain composition and molecular weight, as well as over the self-assembly process, is needed in 
order to effectively predict and reproducibly obtain particles with the desired size and shape.  

A well-established approach to NP fabrication consists in nanoprecipitation of a pre-formed amphiphilic  BCP 
into a selective solvent for one of the blocks. An alternative route is offered by Polymerization-Induced Self-
Assembly (PISA): a pre-synthesized hydrophilic block is extended, via controlled/living free radical polymerization 
(CRP) in water, with a second hydrophobic block2. Self-assembly is induced during the polymerization since it’s 
carried out in a poor solvent for the growing hydrophobic block. In these conditions it’s possible to fabricate 
functional NP in a one pot synthesis using a green solvent and avoiding several purification steps. 

In this contribution, we present the optimization of the one-pot synthesis and nanoparticles assembly of a set of 
poly(acrylic acid)-block-poly(n-butyl acrylate) (PAA-b-PBA) copolymers by PISA. A RAFT-synthesized PAA 
block is used as macroCTA for chain extension with butyl acrylate3. The reaction was carried out in aqueous 
dispersion, where the PAA-CTA acts as a stabilizer of BA droplets and controls the polymerization. Different total 
chain lengths and hydrophilic volume fractions were imaging and DLS analysis were employed to study the 
polymeric dispersions. 

Due ot its low Tg, PBA is rubbery at room temperature, and is therefore a suitable host for hydrophobic up-
converting (UC) molecules for bioimaging applications4, whose efficiency dramatically drops in rigid environments. 
One-pot loading of the NP in the polymerization stage with UC molecules is reported. 

 
Figure 1. General principle of the polymerization-induced self-assembly method 
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Abstract 

Enzyme and protein blocks corporation in nano structure brought a new view into protein based block 
copolymers in the aspect of unique functionality and physical property when compared to conventional 
block copolymers.  

In this study, this approach lead the synthesis of formate dehydrogenase (FateDH) and cytochrome C 
(Cyt-C) in the same bionano-interface as a formation of formate dehydrogenase-co-cytochrome C using 
AmiNoAcid (monomer) Decorated and Light Underpinning Conjugation Approach (ANADOLUCA)1 
method for conversion of CO2 into formic acid. According to this method, FateDH-co-Cyt-c has 
polymerized in the same nano structure using poly vinyl alcohol (PVA) microemulsion polymerization 
technique. This technique also provides the cross-linking of the relevant proteins or enzymes with 
ruthenium based aminoacid monomers. In this study, cross-linking of FateDH and Cyt-c with ruthenium 
based aminoacid monomers during polymerization process brought stability in different reaction 
conditions, reusability and functionality the protein based block polymer system when compared the 
traditional methods. The synthesized protein-polymer based nano block copolymer system has 
characterized using Transmission Electron Microscopy (TEM) images, zeta size analysis and Circular 
Dichroism (CD). At the second stage of the study, synthesized nano block copolymer system has been 
embedded into 2-hydroxy ethyl methacrylate (HEMA) based cryogel2 columns to develop a supporting 
polymeric material in CO2 convesion cycle. During the experiments, CO2 saturated water has passed 
through the cryogel column and the conversion of CO2 into formic acid has been investigated by High 
Performance Liquid Chromatograpy (HPLC). The optimum parameters for the conversion such as pH, 
CO2 flow rate and CO2 concentration have been determined.  

Experimental studies showed that the CO2 conversion into formic acid has been effectively realized 
and the synthesized system is reusable many times without any deformation in its structure. 
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Abstract 

Thermoresponsive polymers are of great interest as switchable smart materials.1,2 
Poly(N-isopropylacrylamide) (pNIPAM), an important thermoresponsive polymer, has been widely 
studied but the question of its slow reversibility, or thermal hysteresis, may limit its potential.3 Herein 
well defined amphiphilic block copolymers, composed of a thermoresponsive corona-forming block 
(pNIPAM) and a non-responsive core-forming block (poly(n-butyl acrylate-co-N,N-dimethylacrylamide)) 
were synthesized using RAFT polymerization. Their subsequent self-assembly in aqueous solution was 
studied and it was determined by light scattering experiments that micelles had formed whose aggregation 
numbers (Nagg) could be tuned by varying the core block composition. Behavior at the molecular and 
macroscopic level was probed using complimentary variable temperature multi-angle dynamic and static 
light scattering, turbidimetry and microcalorimetry analyses. Our results showed that the degree of 
thermal hysteresis increased as a function of core hydrophobicity, which was attributed to differences in 
core hydration.4 Similar micellar series were then used to probe different thermoresponsive coronas, such 
as those with low glass transition temperatures (Tg), non-linear brush-like coronas and those with no 
hydrogen bond donors, in order to better understand the origins of thermal hysteresis in these systems. 
These results highlight the need for consideration of the effect that self-assembly plays on the responsive 
behaviour of particles when compared with free unimers in solution. Both the polymer’s molecular and 
supramolecular (self-assembled) structure played an important role in determining the overall phase 
behavior. 

 

 

 
                                                        
1 Roy, D.; Brooks, W. L. A.; Sumerlin, B. S. Chem. Soc. Rev. 2013, 42, 7214.  
2 Gibson, M. I.; O'Reilly, R. K. Chem. Soc. Rev. 2013, 42, 7204. 
3 Lutz, J. F.; Akdemir, Ö.; Hoth, A. J. Am. Chem. Soc. 2006, 128, 13046. 
4 Blackman, L. D.; Wright, D. B.; Robin, M. P.; Gibson, M. I.; O’Reilly, R. K. ACS Macro Lett. 2015, 1210. 
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Abstract 

In this work, we proposed a smart method to synthesize mesoporous TiO2 films with directional channels 
using cylinder-forming dendron-jacketed block copolymer (DJBCP) templates processed by doctor-blade 
casting or spin casting. The DJBCP is formed with amphiphilic dendrons (3Dn), selectively incorporated 
into the P4VP block of poly(styrene)-block-poly(4-vinylpyridine) (PS-b-P4VP). To solve the problem in 
terms of the collapse of the cylinder nanostructures after etching walls of pores, a critical procedure of 
transplantation was designed in the DJBCP-templated synthesis for keeping the walls within films. The 
supramolecular dendrons act as an important role for stabilizing the cylindrical morphology of DJBCP 
films and guiding the titanium precursors into P4VP domains. Epitaxial-like growth via order-order phase 
transition was adopted for obtaing the perpendicular cylinders in the DJBCP films. This way is highly 
parallel in nature and able to form large-scale ordering rapidly by facile procedures with very low costs 
for industrial production. The mechanism of order-order phase transitions was systematically investigated 
using GISAXS, TEM, SEM, and AFM. Beyond being practical applications for the directional 
mesoporous TiO2 films converted by the DJBCP films, this work also revealed fundamental aspects on 
kinetic routes of DJBCP self-assembly.  
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Abstract 

Vesicle is attracting more and more researchers’ interests due to its unique hollow structure. Most 
vesicles reported have symmetric layer structure, i.e., the inside and outside surfaces are formed by the 
same block species. In some practical application area, vesicles with asymmetric layers, in which the 
inside and outside hydrophilic layers of vesicles are formed mainly by different species of blocks, have 
more advantages. Using Monte Carlo simulation, we studied the formation and micro-phase behavior of 
asymmetric vesicles formed by ABC triblock copolymers in solvent selective for blocks A and C. 
Simulation results show that the hydrophilicity of blocks A and C determines not only the vesicle 
formation but also micro-phase behavior. If blocks A and C are of equal length, block A (with lower 
hydrophilicity) is likely to aggregate on the inner surface, whereas block C (with higher hydrophilicity) 
tends to move to the outer surface, forming the ABC (from inside to outside) three-layer vesicle. 
Simulation results also reveal that if the hydrophilicity difference between the two blocks is sufficiently 
low, the ABC three layers are formed after the membrane closes. Otherwise, the ABC three layers are 
formed before the membrane closes. 
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Abstract 

Over the last few years, amphiphilic copolymer combined with phospholipid into a single membrane, 
namely hybrid polymer/lipid vesicles, has attracted interest of many different scientific communities1,2. 
This new vesicular formulation can be exploited indeed at either nanoscale (drug delivery system) or 
microscale (cell membrane model) with a stunning association of benefits of polymersomes (stability, 
chemical versatility) with the benefits of liposomes (biofunctionality, biocompatibility).  

However, the control of their properties which is obviously linked to the membrane structuration 
(domain formation via phase separation) is still far from being understood up to now. In this work, our 
purpose is to map a global picture of phase separation within 10 – 50 µm Giant Hybrid polymer/lipid 
Vesicles (GHVs) by using various copolymers based on poly(dimethylsiloxane) and poly(ethylene oxide) 
with different architectures (grafted, triblock) and molar masses allowing to tune membrane thickness, 
combined with lipid in a fluid (POPC) or gel state (DPPC) at room temperature. From confocal imaging 
and advanced fluorescence microscopy techniques (FLIM, FRAP), we demonstrate that in addition to the 
lipid/polymer fraction or lipid physical state, the line tension at the lipid polymer/lipid boundaries 
(modulated by the molar mass of the copolymer) and membrane tension (modulated either by osmotic 
shock or micropipettes suction) are the most important factors involved in formation of stable lipid 
domains of different size and morphologies in GHVs. 

 

 

Figure. Different stable morphologies of GHVs obtained by playing on line tension or membrane tension 

 

1. Le Meins, J.-F. et al (2013). Materials Today, 16(10), 397-402 
2. Schulz, M. & Binder, W.H. (2015). Macromolecular Rapid Communications, 36(23), 2031-41 
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Abstract 

Molecularly imprinted nanoparticles were encapsulated into polymer nanofibers with a simple 
electrospinning method1. When the template was removed, imprinted binding sites were left in the 
nanofiber materials that are capable of selectively rebinding the target molecule. In this study, block 
copolymer nanofibers from melamine imprinted nanoparticles, polyvinylpyrrolidone (PVP)/poly(acrylic 
acid) (PAA) were prepared by electrospinning. The composite nanofibers can be used as affinity 
membrane to greatly simplify solid phase extraction of melamine from sample. The diversity in physical 
and mechanical properties of the nanofiber were characterized by scanning electron microscopy, FTIR 
spectroscopy and mechanical testing. The adsorption of melamine was studied under equilibrium (batch) 
conditions. To describe the adsorption capability of the synthesized block copolymer nanofibers, 
Langmuir and Freundlich models were used. To evaluate the adsorption capacity in the presence of 
interferents experiments on samples were also performed2,3. 
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Abstract 
 

Protein-polymer block copolymer systems are attractive and efficient copolymers in different 
applications. Block copolymerisation system provides the strategie for proteins preserving high levels of 
protein activity.  

In this study, a novel nano block copolymer consisting pectinase enzyme and poly vinyl alcohol 
(PVA) has synthesized via AmiNoAcid (monomer) Decorated and Light Underpinning Conjugation 
Approach (ANADOLUCA)1 method. Pectinase enzyme is used in food industry widely in hydrolysis 
process of pectines2 especially for the production of clear fruit juice3.   

At the first step of the study, nano block copolymer of pectinase particles have been synthesized 
according ANADOLUCA method and characterized by transmission electron microscopy (TEM) and zeta 
sizer. In the second step, the hydrolysis of pectin has been investigated using newly synthesized nano 
block copolymer of pectinase particles and free pectinase enzyme separately and compared to each other. 
The different conditions that affect the hydrolysis of pectin such as pH, thermal stability, storage stability 
and reusability have been investigated. In addition to these studies, the reusability data of nano block 
copolymer of pectinase particles has been investigated comparatively free enzyme.  

So, the data showed that newly synthesized nano block copolymer of pectinase particles are very 
attractive for hydrolysis of pectin substances and they will have a great usage area in industrial process. 
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Abstract 

Grafted multicomponent polymeric systems represent the starting point for the creation of scaled high-
resolution polymer nanostructures including nanometer scale membranes, templates for fabrication of 
nanoobjects such as metal, ceramic nanodots and wires, and nanopattern masks for subsequent additive or 
subtractive processing of the underlying substrate. In addition, the exploitation of more sophisticated 
surface interactions, such as various directed self-assembly (DSA) approaches, can lead to structures 
featuring improved lateral ordering and reduced structural defects.  

From the analytical point of view, these systems can be conceived as ultrathin films (h < 10 nm) of 
polymer chains grafted to a solid substrate. Consequently, their evaluation represents a rather demanding 
analytical task due to the very small amount of material to be detected. Moreover, these materials should 
be analyzed still grafted to the substrate because their detachment from the surface implies major 
structural modifications. These two distinct requirements limit the number of analytical techniques 
suitable to obtain information about their structure and composition. 

The use of hyphenated thermal and mass spectrometric techniques is well established and widely 
applied to the investigation of the polymer structures under distinct thermal conditions. Recently in our 
laboratory a highly versatile TGA-GC-MS apparatus was developed1 and successfully applied2,3 to the 
analysis of a number of samples featuring substantial scale difference, i.e. bulk materials, thick films (few 
µm), thin (dozens of nm), and ultrathin films (few nm) without any sample pretreatments.  

In the present contribution, the TGA-GC-MS technique was addressed to the quantitative 
determination of the composition of ultrathin films obtained from the “grafting to” of  functional PS-b-
PMMA and P(S-r-MMA) copolymers. The calibration of the system was performed by model systems of 
functional P(S-r-MMA) with different composition. Once the system calibration was properly set up, the 
grafting process of binary mixtures of functional polymethylmethacrylate (PMMA) and polystyrene (PS) 
homopolymers to an activated and preferential silicon surface was elucidated. 
 
 
 
1 Gianotti, V., Antonioli, D., Sparnacci, K., Laus, M., Giammaria, T. J., Ceresoli, M., Ferrarese Lupi, F., 
Seguini, G. & Perego M., J. of Chromatography A, 1368, 204-210 (2014). 
2 Ceresoli,M., Palermo, M., Ferrarese Lupi, F., Seguini, G., Perego, M., Zuccheri, G., Phadatare, S.D., 
Antonioli, D., Gianotti, V.,  Sparnacci, K. &  Laus, M., Nanotechnology, 26, 415603 (2015). 
3 Antonioli, D., Sparnacci, K., Laus, M., Ferrarese Lupi, F., Giammaria, T. J., Seguini, G., Ceresoli, M., 
Perego, M. & Gianotti, V., Analytical and Bioanalytical Chemistry, doi: 10.1007/s00216-016-9380-8. 
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Abstract 
 

Amphiphilic block and random copolymers with perfluoroalkyl segments can efficiently provide self-
assembled polymeric nanostructures[1], including micelles, vesicles, and nanogels, in water and organic 
solvents, via the intermolecular association or intramolecular self-folding of the copolymer chains[2]. 
These nanomaterials may display anti-biofouling properties against proteins, cells and organisms[3]. 
Moreover, perfluoroalkyl polymers have several attractive features: the polymers are immiscible with 
both water and common organic solvents, yet have selective interactions with fluorinated compounds 
resulting in unique association and molecular recognition.  

Focusing on these features we have synthesized block and random copolymers of tetraethylene glycol 
methyl ether methacrylate (PEGMA) and 2-(perfluorohexyl)ethyl acrylate (FA). Owing to the controlled 
ATRP reaction, the molecular weight, composition and sequence of the amphiphilic block and random 
copolymers could be tuned in a predictable way.  

In this contribution copolymers with PEGMA:FA ratios 70:30 and 90:10 are reported. The 
philic/phobic balance directly affected the self-assembling behaviour in bulk and in solution. Above a 
critical concentration in water (0.5 g/L), the copolymer chains are characterized by a bimodal size 
distribution (Fig.1, left), comprised of nanometer and submicrometer structures. While the larger 
structures were due to self-assembled, intermolecular aggregates, the smaller ones were attributed to 
single, intramolecular folded chains. Moreover, we found a sharp thermal transition depending on the 
copolymer composition (Fig.1, right). Above the transition temperature, one almost monodisperse stable 
phase existed, with size increasing from ~500 nm to ~1500 nm with copolymer concentration from 0.5 
g/L to 5 g/L. Heating and cooling cycles showed the complete reversibility of these copolymer systems. 
The narrow size distributions accomplished for both copolymers above the thermal transition are ascribed 
to the formation of intriguing thermoresponsive polymersomes with homogeneous size. 
 
 

 

 

 

 

Fig. 1. Size distribution representatives of 70:30 and 90:10 copolymers, 5 g/L, as measured by photocorrelation 
spectroscopy below (left) and above (right) the respective transition temperatures. 

 
[1] P. Raffa, D. A. Z. Wever, F. Picchioni, A. A. Broekhuis, Chem. Rev. 2015, 115, 8504. 
[2] Y. Koda, T. Terashima, M. Sawamoto, H. D. Maynard, Polym. Chem. 2015, 6, 240. 
[3] E. Martinelli, E. Guazzelli, C. Bartoli, M. Gazzarri, F. Chiellini, G. Galli, M. E. Callow, J. A. Callow, J. 

Finlay, S. Hill, J. Polym. Sci. Part A Polym. Chem. 2015, 53, 1213. 
 

>T 70:30 = 49°C 

>T 90:10 = 59°C 
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Abstract 

Arborescent (dendrigraft) polymers are known to be the class of dendritic molecules of high molecular 
weight. In contrast to hyperbranched molecules and similarly to dendrimers, the arborescent polymers can 
be obtained with a well-defined molecular structure - their inital “buiding blocks” are monodisperse linear 
chains, which are succusessively “grafted onto” the polymeric substrate by generation-based scheme. The 
number of grafts and their chemical compostition in each generation can be varied and thus the highly 
branched copolymers can be achieved. Such multi-component molecules can be used  in number of 
contemporary applications such as templates for nanoparticles1 with defined shape and form, efficient 
microemulsion stabilizers2 or even building blocks of complex molecular aggregates in polymer melts and 
solutions. In the present research we have performed a series of computer experiments using the 
dissipative particle dynamics simulation technique (DPD) to study the arborescent copolymers of 
particular architecture shown in Figure 1 in following cases: (a) single molecules in a selective solvent; 
(b) molecular self-assembly in solution; (c) the mixture of arborescent molecules and linear diblock-
copolymers with identical chemical composition.  In particular, the results of our simulations revealed the 
existence of network-like aggregates formed by the considered molecules in solutions under certain 
conditions and stability of gyroid-like structures in the melt. We believe that our findings could be useful 
in obtaining of stimuli-responsive solutions and block copolymer films with stable 3D percolated 
morphologies. 

 

Figure 1. The models of arborescent copolymers considered in simulations. The numbers below images depict the 
generation of each molecule (G#) and the number of chains of homopolymer and block copolymer graft chains (A 

and A-b-B respectively) 
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Abstract 

Protein adsorption behavior on surface is affected by various specific interactions, including hydrogen 
bonding interaction, hydrophilic and hydrophobic interactions, and electrostatic interaction. 
Understanding the effects of these interactions on protein adsorption behavior and micro process during 
adsorption is crucial to the preparation of biomedical polymer material with excellent hemocompatibility. 
Monte Carlo simulation is employed to study the protein adsorption behavior on the surfaces grafting with 
polymer chains with different length, density and hydrophilicity. The simulation results indicate that the 
protein adsorption amount firstly decreases and then increases with an increase in the hydrophilicity of 
polymer brush. For the polymer brush with moderate hydrophilicity, a dense layer of polymer molecules 
is formed which can prevent the adsorption of proteins. On the other hand, when the hydrogen bonding 
between protein and polymer brush is introduced, the simulation results indicate that the protein 
adsorption amount on the polymer brush with longer chains but lower graft density is relatively small. 
The simulation results are quite consistent with corresponding experimental results, which can provide 
necessary theoretical evidence for the preparation of biomedical polymer material with high performance. 
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Abstract 

Fabrication of micro-nano patterned structures while maintaining ordering at microscale and nanoscale 
with low cost and high resolution is highly desired in microelectronics and biological areas.1-4 In this 
work, the large-area ordered and highly tunable micro/submicro-nano patterned array in a complementary 
manner were successfully generated by combining block copolymer self-assembly and colloidal 
lithography (Fig.1). Ordered monolayer of polystyrene (PS) colloidal spheres assembled at the water-air 
interface was lifted off onto the pre-treated hydrophilic PS-b-P2VP and PS-b-P4VP block copolymer 
micelle films, afterwards the micelle films were patterned using different sizes of PS colloidal spheres as 
etching mask through oxygen plasma treatment. In this approach, microstructures are provided by the 
colloidal monolayer, which enabling to control the ordering, patch size and periodicity at 
micro/submicroscale, meanwhile the ordering, density and morphology at nanoscale can be significantly 
altered by the different block copolymer parameters and micelle preparation conditions. Moreover, by 
modifying the surface of micro-nano patterned gold arrays, it can be used as flexible template to pattern 
BSA molecules. We believed that the proposed fabrication strategy can be very powerful alternative, 
which may provide a new platform for fabrication of micropatterned nanoarrays with high tunability and 
controllability.  

 

Fig.1 The ordered micro/submicro-nano patterned metal arrays with different patch sizes and the corresponding 
honeycomb-like metal array in a complementary manner. 

Acknowledgments: This work was supported by National Natural Science Foundation of China (Grant 
21474108, 21274148, 21574133).

                                                        
1H. O. Jacobs and G. M. Whitesides, Science, 2001, 291, 1763. 
2J. A. Deeg, I. Louban, D. Aydin, C. S-. Unkel, H. Kessler and J. P. Spatz, Nano Letters, 2011, 11, 1469. 
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Abstract 
 

Protein based block copolymers have drawn more attention for the usage of many area such as 
industrial area, drug delivery, diagnosis, imaging systems etc. The appropriate selection, positioning and 
designing of proteins in block copolymerization system provides the high levels of protein activities and 
utilities.  

In this study, bovine serum albumin (BSA) based nanocargoes have been synthesized according to 
AmiNoAcid (monomer) Decorated and Light Underpinning Conjugation Approach (ANADOLUCA)1 
method. In this method, BSA particles have cross-linked horse radish peroxidase (HRP) enzyme to obtain 
photosensitive materials via poly vinyl alcohol (PVA) polymerization media. At the end of the synthesis, 
star-shaped block copolymer has been obtained. The enzyme horseradish peroxidase (HRP) reacts with its 
substrate, hydrogen peroxide, in the presence of an electron donor (i.e. diamino-benzidine) to yield a 
brownish reaction product. This reaction product can be visualized by light microscopy. 3,3′-
diaminobenzidine (DAB) has been used as the substrate in HRP catalysis reaction2. The synthesized BSA 
nano cargo has been characterized by Transmission Electron Microscopy (TEM) images and zeta size 
analysis. Beside this, the fluorescent emmission has been visualized by fluorescence spectrophotometer 
by exciting nanocargoes at 310 nm. Lastly, the interaction between DAB and HRP conjugated BSA 
nanocargo has been investigated.  

By synthesis of nano cargoes, a photosensitive, reusable without any deformation in its structureand 
effective nano block copolymer, nanocargo, has obtained.  This nanocargo is highly effective in peroxide 
presence and could be used as a labelling agent in nano biotechnology area effectively. 
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Abstract 

As potential candidate for next-generation lithography, block copolymer self-assembly has been 
demonstrated to form sub-20 nm simple periodic arrays (i.e lines, hexagonal packed dots, circles), as well 
as complex patterns, including bends, terminations, and junctions, as a potential innovative technology for 
integrated circuit and hard disk drive production.1,2 In terms of throughput, the process by which phase 
separation of the block copolymer generally takes hours to days by conventional thermal or solvent 
annealing method, which too slow for commercial photolithography (~200 wafers/hour). Recently, 
microwave heating and intense laser illumination have been shown to be alternative methods to simple 
direct heating to dramatically reduce the time required for annealing.3 4While the microwave annealing 
work has been mentioned by the ITRS as a potential route to fast annealing,5 there have been some 
differences of opinion with respect to the mechanism by which the microwave-induced heating takes 
place. In this presentation, we will talk about our latest results concerning microwave annealing, which 
suggests that the substrate heating is, in fact, the source of generated thermal energy, which drives the fast 
annealing.6 We then show this microwave annealing method can be extended to non-microwave 
absorbing substrates, including flexible plastic (Kapton), glass, and indium tin oxide, which suggests that 
microwave annealing could be amenable to other electronic applications beyond silicon, such as flexible 
electronics and related areas.   
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4 Pawel W. Majewski and Kevin G. Yager, ACS Nano, 2015, 9, 3896-3906. 
5 International Technology Roadmap for Semiconductors, 2011 ed (Semiconductor Industry Association, San Jose, 
CA, 2011). 
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Abstract 

     Chemical reactions between functional groups of macromolecules of various types make it possible to 
perform the forced blending of even a completely incompatible pair of polymers. These reactions are 
characterized by low conversions of functional groups due to weak interpenetration of reacting 
macromolecular coils. Moreover, the above mentioned version of the combination of polymers can be of 
interest for the formation of multicomponent polymer systems in which the properties of individual 
components must be retained. For example, as in block or graft copolymers, in one macromolecule, chain 
fragments of hydrophilic and hydrophobic natures may be combined. The problem of forced blending of 
polymers of various types may be solved through the choice of “anchor” functional groups, which provide 
the synthesis of paired polymers (interpolymers) under relatively mild conditions. For the example of the 
synthesis of tetrazole-containing polymers, it was demonstrated that the unsubstituted N–H tetrazole 
cycles of the first polymer and the oxirane cycles of the second polymer provide for the covalent bonding 
of macromolecules. The alkylation of a tetrazole cycle with an epoxy reagent 
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proceeds at moderate temperatures (below 100°C) without additional initiation. As a result of the reaction 
macromolecular coils bond via spacer groups into a single formation called an interpolymer. 
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     The degree of crosslinking determines whether the interpolymer is soluble or inclined toward limited 
swelling. The network structuring and amphiphilic nature of the reaction products determines their 
inclination toward limited swelling in organic and aqueous media. With allowance for the high 
complexing capacity of tetrazole-containing polymers, gels based on the interpolymers can be doped with 
a variety of metal ions. 
     Hydrogel samples saturated with differ metal ions were treated with NaBH4 in an aqueous solution. 
The process was accompanied by the formation of molecular hydrogen and darkening of hydrogels due to 
reduction of Men+ to Me0. When stored in an atmosphere of argon, the hydrogel containing copper 
nanoparticles remained unchanged for a sufficiently long time. During contact with atmospheric oxygen, 
the reverse oxidation of Me0 to Men+ occurs rapidly in hydrogels (within one day).  

 

 
Note that the reduction and oxidation of metals in the hydrogel composites is reversible and can be 
conducted repeatedly. With allowance for the ability of tetrazole-containing polymers to form complexes 
with a wide set of metal ions, hydrogels based on this polymer show promise as matrices for the design of 
nanocomposites for various applications.  
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Abstract 

It is well-known that the process of microphase segregation, that occurs in the melts of 
thermodynamically incompatible block-copolymers, leads to the formation of ordered structures with 
different morphologies (spherical and cylindrical domains of one phase into another, lamellar structures, 
gyroid structures, etc). However, the formation of a segregated film with well-defined order is a 
complicated problem from the viewpoint of technical implementation owing to a number of labor-
intensive procedures, such as selection of common solvent, regime of solvent evaporation and film 
annealing. To investigate the easier production of nano- and micro-structured films, the approach, based 
on film formation from preliminary self-assembled objects in dilute solution followed by solvent 
evaporation may be proposed. In this research we study the films formed by block-copolymer micelles 
(core-shell particles) by means of DPD simulation technique. We test the melt stability and compare 
system morphology with equilibrium phase diagram for regular diblock-copolymers.  
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Abstract 

Ion-selective sensors containing only two components: polymer (PVC) and the ionic liquid, which 
served as twin function agent (ionophore and PVC plasticizer) were recently proposed for the 
determination of lipophilic anions. The ionic liquids were firstly shown to be well combined with PVC in 
various weight ratios at room temperature by E. Pungor and co-workers1,2. Here we present new 
supramolecular system containing polyvinylchloride and liquid ion exchanger based on ionic liquids with 
closo-borane anions for ion-selective membrane of potentiometric sensors. 

Ionophores representing the salts of tetradecylphosphonium with closo-borane anions were produced 
as ionic liquids (С10H21)4Р)2[B10H10] and (С10H21)4Р)2[B12H12] with the melting point < 15° C by the 
extraction method (ion exchange extraction). The membrane composition were examined for PVC 
contents (40 - 60)% - (60 - 40)% (С10H21)4P)2A  where A = [B10H10]2- or [B12 H12]2-. Before the 
measurements, the electrodes were conditioned in 10-3M solutions of the corresponding closo-borane salts 
of cesium during one day. The direct method of the selectivity coefficient determination in mixed 
solutions3	
  at a constant concentration of interfering ions was applied for ion concentrations varying in the 
range of 10-2 М - 10-7 М. 

The electrodes with the best characteristics contained 40% PVC - 60% (С10H21)4Р)2A. These electrodes 
provided with the detection limits pX=6,8   for anion [B10H10]2- and рX  =7,3 for [B12Н12]2-. The lower 
limit detection is improved with the increasing number of boron atoms in the boron cluster anions 
[BnHn]2-. This is due to the increase in the anion lipophility.  The change of pH in the range of 2 to 10 has 
no influence onto the potentials of the studied electrodes.  

The values of selectivity coefficients in the serie follow as: [B12Н12]2- > [B10Н10]2- > СlO4
-
  > NO3

-.  The 
selectivity to the closo-dodecaborane anion is by factor 102 higher than to the closo-decaborane anion. 
Selectivity to boron cluster anions is explained by the change of hydration energy of these ions water 
solutions.  
  

                                                        
1 A.V. Kopytin, P. Gabor-Klatsmanyi., V.P.Izvekov , G.A. Yagodin., E. Pungor.  (1983): Analyt. Chim. Acta. 148. 
35 - 39 
2 A.V. Kopytin, P. Gabor-Klatsmanyi., V.P.Izvekov , G.A. Yagodin., E. Pungor.  (1984): Analyt. Chim. Acta. 162. 
123 - 127 
3 R.P.Buck, E.Lindner (1994): Recommendations for nomenclature of ionselective electrodes (IUPAC 
Recommendations 1994). Pure Appl Chem 66(12). 2527–2536 
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Abstract 

Bacteria easily colonize the surfaces of tissues, surgical devices (implants, orthopedics, catheters, etc.), 
and instruments causing surgical device related infections. Therefore, the battle against bacteria and the 
prevention of surgical devices from biofilm formation is one of the main challenges of biomedicine today. 
Our strategy to the solution of this problem consists in using antimicrobial polymeric coatings as effective 
“shields” to protect surfaces from bacteria’s colonization and biofilm formation. As one of the most 
promising approaches look the use of antimicrobial bioerodible polymeric nanocomposites containing 
silver nanoparticles(AgNPs). We assume that the combination of an erodible polymer with a strong 
bactericide should put obstacles to bacteria to occupy the surface and to form biofilm. It has to be noted 
that this kind of nanocomposites are also promising as wound dressing materials to treat infected 
superficial wounds. 
Various synthetic and natural polymers were used for creating biocomposites containing AgNPs as both 
particles' stabilizers and matrices forming elastic films at surfaces. One of the most effective systems to 
fabricate AgNPs is an ethanol solution of polyvinylpyrrolidone(PVP) with dissolved AgNO3–ethanol 
serves as a AgNO3 reductant and PVP as AgNPs stabilizer (through interaction of nanoparticles with 
nitrogen atom of the amide group). Though PVP is biocompatible and film-forming polymer, it is not a 
good candidate to design either "biofilm shield" or wound dressing material because of a high solubility 
in water – though the solubility of PVP provides the desirable release of AgNPs from the matrix, but the 
coating is easily washable away from the surfaces. More promising as matrices look water insoluble but 
bioerodible polymers which can provide the release of AgNPs and form long-lasting coatings at the 
surfaces. 
For creating bioerodible water insoluble antimicrobial coatings containing AgNPs, we selected amino 
acid based biodegradable polymers(AABBPs)–poly(ester amide)s, poly(ester urea)s, their copolymers 
containing amide and related groups capable to stabilize AgNPs. Among a huge variety of AABBPs 
reported [1] we selected the polymers soluble in ethanol. For preparing AgNPs containing 
nanocompositions AABBPs and AgNO3 were dissolved in ethanol and subjected to photochemical 
reduction using daylight-irradiation. The formation of AgNPs was observed visually by coloring the 
solutions in brownish-red. 
The obtained AgNPs were characterized by UV-spectroscopy, transmission electron 
microscopy(TEM), and dynamic light scattering(DLS). According to the UV and TEM data the 
photochemical reduction resulted presumably in spherical AgNPs with rather high contribution 
of the particles below 10 nm that are known as responsible for antimicrobial activity. DLS study 
showed that average size of nanoparticles formed after photo-reduction in ethanol solution 
ranged within 50 nm.  
The in vitro antimicrobial activity study of the new nanocomposite material is in progress now. 
 
References:  [1] Katsarava, R., Gomurashvili, Z. Biodegradable Polymers  Composed  of  Naturally Occurringα-
Amino Acids, In Handbook of Biodegradable Polymers- Isolation, Synthesis, Characterization  and 
Applications,Lendlein, A., Sisson, A., Eds.; Wiley-VCH, Verlag GmbH & Co. KGaA. 2011; Chapter 5, p. 107 
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Abstract 
 

Photonic Crystal (PhC) sensing relies on the penetration of an analyte within a dielectric lattice and the 
consequent variation of its optical response.1 In the recent years, self-assembled block copolymers PhC 
sensors for liquid become highly researched in this field,2 but detection of vapors with these materials, has 
not been deeply investigated yet.  

We propose a vapour sensors capable of fast and selective detection of vapor analytes without 
chemical labelling. The sensor, which is made by alternated layer of spun-cast poly(para-phenilenoxide) 
(PPO) and cellulose acetate, promises to place the foundation for new concept block-copolymer sensors 
suitable for the selective detection of vapour analytes without chemical targeting. 

The devices exploit the capability of amorphous PPO to form co-crystalline phases with different 
optical properties upon intercalation of organic molecules.3  Figure 1 schematizes the working principle of 
the multi-layered sensor where, alternated thin films of amorphous PPO and cellulose acetate form a 
mono-dimensional dielectric lattice. The PhC is characterized by a photonic bandgap centred in the 
visible spectrum (green line). In the same figure, the intercalation of benzene or carbon tetrachloride 
induces the formation of two different co-crystalline phases. Ellipsometric measurements show that in the 
case of benzene, the intercalation strongly reduces the polymer refractive index and swells the thin films. 
This phenomenon causes a red-shift of the multilayer photonic band gap (red line). The intercalation of 
carbon tetrachloride, results instead in a different PPO crystalline phase which induces in a blue-shift of 
the peak (blue line). Similar results were achieved for other aromatic homologues demonstrating the 
discrimination capability of the system.  
 
 
 

 
 
 
 
Figure 1: Scheme of the optical response of poly 
(para-phenilenoxide) - cellulose multilayers to carbon 
tetrachloride and benzene.  

 
__________________________________________________________________________ 
1 Lova, P. et al. Polymer Distributed Bragg Reflectors for Vapor Sensing. ACS Photonics 2, 537–543 (2015). 
2 Noro, A. et al. Photonic Block Copolymer Films Swollen with an Ionic Liquid. Macromolecules 47, 4103–4109 
(2014). 
3 Daniel, et al. Monolithic Nanoporous-Crystalline Aerogels Based on PPO. RSC Adv. 2, 12011–12018 (2012). 
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THERMAL STABILITY AND NON-ISOTHERMAL DECOMPOSITION KINETIC OF 

A POLY (STYRENE-CO-ACRYLIC ACID)/MAGHNIA BENTONITE 
NANOCOMPOSITE 
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Abstract  

Thermal stability and degradation kinetic of synthetized pure copolymer poly(styrene-co-acrylic acid) 
SAA-7 and its nanocomposite based on poly (styrene-co-acrylic acid)/Maghnia bentonite SAA-8/OBT2 
(where 7, 8 and 2 are respectively 7 and 8 % mol of acrylic acid and 2 weight % of organically modified 
OBT) were carried out by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) 
under an inert atmosphere. The results show an improvement of the thermal stability of  nanocomposite.    

The kinetic methods of KAS (Kissinger–Akahira–Sunose), FWO (Flynn–Wall–Ozawa) and Tang were 
applied to study the kinetics and mechanisms degradation of materials. The apparent activation energies 
(Ea) of thermal decomposition of the elaborated materials, calculated by Kissinger–Akahira–Sunose 
(KAS) and Flynn–Wall–Ozawa (FWO) methods, were higher than those of the virgin copolymer, 
reflecting the OBT stabilizing effect upon the matrix’s decomposition.  

The TGA kinetic study revealed that the thermal degradation mechanisms of virgin copolymer (SAA-7) 
and its nanocomposite (SAA-8/OBT2) are different under the effect of the clay and obeys in case of SAA-
7 to kinetic model R2 called Phase boundary reaction, n = 2  (g(α) = 1 - (1 - α)1/2), whereas for  SAA-
8/OBT2, the kinetic model is A1,5 called Avrami-Erofeev, m = 1.5 (g(α) = [-ln(1 - α)]2/3.  

 

Keywords: Poly (n-butyl methacrylate-co-acrylic Acid), Structure, Morphologie, Clay, Nanocomposites, non-
isothermal decomposition kinetic, MET and TGA.  
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TAILORING ULTRAFILTRATION MEMBRANE STRUCTURE AND 
PERFORMANCE WITH PEO-b-PMMA DIBLOCK COPOLYMERS  

JENS MEYER, MATHIAS ULBRICHT 

Chair for Technical Chemistry II, University Duisburg-Essen, Universitätsstraße 7, 
45141 Essen (Germany) – Email: Jens.Meyer@uni-due.de 

 

Abstract 

In this work, poly(ethylene oxide)-block-poly(methyl methacrylate) (PEO-b-PMMA) diblock copolymers 
were established as functional additive for polyvinylidene fluoride (PVDF) ultrafiltration membranes and 
as novel self-assembling membrane material. 
The copolymers were synthesized via an Atom Transfer Radical Polymerization (ATRP) with 
commercially available poly(ethylene oxide) methyl ether as first block. PEO methyl ether is available 
with molar masses between 350 and 20,000 g·mol-1, permitting a wide range of block ratios and molar 
masses of the copolymer. 
When the copolymer is used as an additive, the hydrophilicity of the PVDF-based membrane is increased, 
which decreases fouling. Additionally it was found that copolymer micelles can be induced by 
complexing the PEO block with several metal salts. These micelles lead to a higher surface porosity and a 
more regular barrier pore structure, presumably through microphase separation during the nonsolvent 
induced phase separation process (NIPS) used for membrane preparation. It was possible to tailor the 
molecular weight cut-off (MWCO) between 30 kDa and 110 kDa by varying the type and amount of salt 
in the otherwise identical casting solution. The permeability of the developed membranes was 
significantly higher than for comparable commercial reference membranes from PVDF. 
When the copolymer is used as novel membrane material, its self-assembling properties can be used to 
obtain membranes with a narrow barrier pore size distribution as well as a very high number density of 
pores, which should lead to a sharp sieving curve and a high permeability. These membranes have been 
prepared as thin-film composites by spin-coating on PET track-etched support membranes (see Fig. 1) 
and via NIPS with and without nonwoven support. Until now, the membranes from PEO-b-PMMA show 
some promising results, but have not reached the expected performance yet. 
 

 
Fig. 1: AFM image of the top surface of a PEO-b-PMMA membrane prepared by spin-coating. Average pore 
diameter: 11 ± 2 nm (calculated with Bruker NanoScope Analysis 1.5). 
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Abstract 
 

A sulfur containing  polyisobutylene based polyurethane nanopcomposite (PIBs-NPU)  was synthesized 
by using a new polyisobutylene diol, HO-CH2CH2-S-PIB-S-CH2CH2-OH, as soft segment and 
conventional hard segments in the presence of minor amount of organically modified montmorillonite 
(OmMMT) . Soft segment was the  prepared via  thiol-ene chemistry based terminal functionalization of 
ally-telechelic PIB . The OmMMT was the ion exchange product of  sodium montmorillonite (Na+MMT-) 
and quaternary ammonium salts of a tertiary amine carrying a -NH2 functionality which is expected to 
lead to  defoliation of the nanolayers  and to  act as  an additional chain extender due to the reaction 
between  free -NH2 group and  diisocyanates . Properties of nanocomposite , containing both 72.5% PIB 
and   0.5 % OmMMT were investigated specifically and compared to unmodified PIBS-PUs.  It has been 
found that the addition of 0.5% MMT modified with N+Me3CH2CH2CH2NH2 to PIBs-PU produces  clear 
films with enhanced tensile strength, elongation, oxidative-hydrolytic stability, and creep  resistancy  
relative to that of unmodified one.  FTIR spectroscopy indicates H bonded S atoms (N-H…S) between 
soft  and  hard segments as well as nanolayers, which noticeably affect ultimate properties. DSC and XRD 
studies suggested  randomly dispersed  low-periodicity crystals  as well as urea formation between the 
galleries making the nanolayers integral part of polyurethane. 
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Abstract 

Poly(ethyleneoxide) blocks (PEO) were synthetically grafted onto polystyrene-b-
poly(ethylene/butylene)-b-polystyrene (SEBS) by the reaction of the maleated SEBS and hydroxyl 
terminated poly(ethylene oxide). The comb-branch copolymers consist of a hydrophobic SEBS triblock 
backbone (approximate 45 000 MW with 30 wt % of styrene content) and crystalline poly(ethyleneoxide) 
(PEO) pendants of 1000 molecular weight in structure . An idealized morphology was created and 
verified by Scanning Electron Microscopy and AFM techniques. The grafting efficiency was followed by 
NMR, FTIR spectroscopic as well as gravimetric techniques. In the observation of their phase behaviors 
and thermal stabilities, DSC and TGA were intensively used. The graft copolymer having suitable polar 
sites were then reinforced with minor amount of silica nanotubes, Halloysite by using high shear mixing 
technique in solution. Special attention was paid to emphasize the differentiative effect of expanded 
halloysite against original one on morphology, mechanical and impact strength as well as melt viscosities 
of the resultant structures. It is believed that nanosilica based zones will be surrounded by 
polyethyleneoxide chains attached to continuous nonpolar SEBS matrix by creating a 
reinforcer/toughener/compatilizer activity for the classic nonpolar rigid engineering polymers. 
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Abstract 
 

Structuring polymer surfaces by the simple bottom-up “breath figure” (BF) method has proved to be a 
pertinent process to design “honeycomb” (HC)-patterned porous polymer films exhibiting a hexagonal 
array of pores in the range of 0.5-4 µm.1-4 These materials are considered as important for the preparation 
of semiconductor quantum dots and their applications include electronics, optoelectronics, magnetic and 
non-linear optic materials. In this context, the present work is focused on the preparation of luminescent 
honeycomb (HC)-patterned microporous films by self-assembly of inorganic nanoparticles synthesized in 
situ, which has potential applications in many fields such as templates, devices, nanocontainers, photonic 
band gap materials. The amphiphilic block copolymer will be governed by the honeycomb film formation 
with micron-sized pores and the walls will be filled with the precursors of NPs.  ZnO and ZnS (QD) 
semiconducting metal sulfide nanocrystals will be synthesized into the HC-patterned microporous films. 

In this work, the preparation of functional ZnO NPs into porous-structured block copolymer films via 
breath figure (BF) fabrication result in ZnO nanostructures with an average diameter estimated in less 
than 10 nm. The NPs were dispersed homogeneously in the hydrophilic interface into honeycomb 
patterned porous films. From the UV-Vis absorption spectra, the average size of ZnO NPs was calculated 
be about 65 Å for HHC20% (326 nm), and 45 Å for HPHC20% porous structured films (300 nm), a result 
that was in accordance with those obtained by TEM images; 74 Å and 37 Å, respectively. The functional 
porous structured films were able to absorb UV radiation below 350 nm, indicating that these ZnO 
nanostructures exhibited good UV screening effects. The enlargement of band gap energies for HHC20% 
and HPHC20% porous polymer films can be determined from absorption spectrum that reveals a blue shift 
in absorption edge from 3.37 eV (ZnO bulk), to 3.41 eV and to 3.44 eV, the severity of the blue-shift is 
then determined by the physical dimensions of the nanostructures, where smaller dots cause larger blue-
shift. 

 

Figure 1 (a) Bright–field / dark–field TEM images and histograms of the ZnO nanoparticles into HHC20% porous 
block copolymer films (b) HPHC20% block copolymer films for the characterization of crystalline inorganic 
nanoparticles. Figure 2 Optical band gap for the HPHC20% block copolymer films was determined from the diffuse 
reflectance with UV/Vis measurements. 
 
Acknowledgements: The authors acknowledge the financial assistance of this work by VRAC grant number L215-
12 of the Universidad Tecnológica Metropolitana (UTEM), to the Fondo Nacional de Investigación Científica y 
Tecnológica, FONDECYT Grant 1110836, also to the DAAD grant.  

[1] Heng L.; Wang B.; Li M.; Zhang Y. Materials 2013, 6, 460. 
[2]  Sakagami,K.; Yamashita, I.; Yairi, M.; Morimoto, M. Noise Control. Eng. J 2010, 58, 157. 
[3] Toyoda,M.; Sakagami, K.; Takahashi, D.; Morimoto, M. Appl. Acoust. 2011, 72, 943. 
[4] Keten, S.; Xu, Z.; Ihle, B.; Buehler, M.J.; Nat. Mater. 2010, 9, 359.  



EUPOC 2016 on BLOCK COPOLYMERS FOR  
NANOTECHNOLOGY APPLICATIONS 

GARGNANO – LAKE GARDA (ITALY), 22-26 MAY, 2016 
 

 109 

P42 
 

 
SYNTHESIS AND ANTIMICROBIAL ACTIVITIES OF PEI-G-CHITOSAN 

POLYCATIONS 
WEI REN, YE LIU 

Institute of Materials Research & Engineering, A*Star 2 Fusionopolis Way, #08-03,  
Innovis, Singapore 138634 

Presenting author email address: renw@imre.a-star.edu.sg 
Corresponding author email address: ye-liu@imre.a-star.edu.sg 

 
 

Abstract 

The widespread and prolonged usage of antimicrobials can lead to emergence of antimicrobial-resistant 
microorganisms, which is a terrible threat to human health and environment. In order to overcome these 
threats, in this study, a series of biomass-based antimicrobial polymers (quaternized PEI-g-chitosan) were 
synthesized (Scheme 1). The obtained PEI-g-chitosan and Q-PEI-g-chitosan polymers were characterized 
by 1H NMR, 13C NMR and GPC. It is the first time to report the synthesis Q-PEI-g-chitosan. The MIC 
results show that the Q-PEI-g-chitosan exhibits good antimicrobial activity against both Gram-negative 
and Gram-positive bacteria. The Q-PEI-g-chitosan has a potential application to be used as biomass-based 
antimicrobial agents, for example, to replace the common used chemical biocides in liquid detergent to 
reduce environmental pollution, and this research study is currently undergoing in our group. 

 

Scheme 1. Synthetic route for quaternized PEI-g-chitosan 
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Abstract 

Our research deals with the synthesis and properties of polymers containing soft segments of 
dimethylsiloxane and hard urea segments. In order to determine structure-property relations, regarding to 
permeation properties, the chemical structure was varied. 

In this study thermoplastic silicone elastomers, based on polydimethylsiloxane oligomers with amino 
groups and different diisocyanates, were synthesized according to the literature1: The main-chain urea-
siloxane copolymers were characterized by nuclear magnetic resonance (NMR) and infrared (FTIR) 
spectroscopy. The formation of hydrogen bonding of the hard segments was investigated by temperature 
dependent FTIR-spectroscopy, which displayed the thermal stability of the elastomer.  

Membranes of the polymers were prepared and investigated with respect to the permeation properties 
of organic solvents. Vials sealed with the polymer films were filled with a mixture of an aromatic 
(toluene) and an aliphatic hydrocarbon (iso-octane). The weight of the vials was periodically measured to 
investigate the permeation of the polymers. The weight loss of solvent over a period of 7 days was 
determined. Additionally the composition of the residual solvent mixture was investigated by the GC-MS-
technique (figure 1).  
 

 
Figure 1: GC-MS data of the residual solvent mixture in the vials 

 
The concentration of residual solvent mixture was measured by the relation of the peak area of the two 
solvents. Figure 1 depicts that a separation of the solvent mixture occurred. The synthesized novel main-
chain urea-siloxane copolymers have selective barrier properties. These polymers are highly permeable 
for organic solvents depending on the chemical structure. The permeation properties are important with 
respect to the application as membrane material in oil field applications. 
  

                                                        
1 G. Riess, H.-W. Schmidt, Chem. Mon. 2006, 137, 935-941 
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Abstract 

Block copolymers are well known to self-assemble into micelles with a core-shell structure, which are 
commonly biocompatible and potentially suitable for biological applications. Carbon dots as fluorescent 
contrast agent possess high brightness and low cytotoxicity; however their sub 10 nm sizes often hamper 
long term in vivo applications due to rapid clearance of small particles in renal system. In this 
presentation, we introduce simple engineering strategies to prepare nanoclusters based on the self-
assembly of block copolymer and carbon dots. The sizes of the final nanoclusters are tunable from 15 nm 
to 170 nm, through varying the feeding ratio of the block copolymer to carbon dots. Cellular imaging 
application was successfully demonstrated in MCF-7 cell line. Together with their low cytotoxicity, these 
types of nanoclusters are potentially useful for future in vivo bioimaging applications. 
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Abstract 

Polycaprolactone-b-poly(acrylic acid) (PCL-b-PAA) is used for a variety of biomaterials applications and 
is commonly synthesised via a four step process: ring opening polymerization (ROP), functionalization of 
chain ends, atom transfer radical polymerization and deprotection of the carboxylate.1 Additionally, this 
approach often uses transition metal catalysts, making it poorly suited for biomaterials applications.  

Using a ‘double headed’ alkoxyamine initiator2 
capable of initiating both ROP and nitroxide 
mediated polymerization (NMP) an efficient, 
metal-free, two-step synthesis of PCL-b-PAA has 
been developed. The block character of the 
copolymer was confirmed by the formation of 
micelles under aqueous conditions, and the 
response of these micelles to varying pH. 

The PCL-b-PAA was used as a surfactant to 
combine two immiscible polymer solutions: PCL 
and poly(vinylphosphonic acid-co-acrylic acid) 
(PVPA-co-AA). The resulting emulsion was then 
spun into nanoscale fibres using electrospinning. 

This work details the synthesis of the dual initiator, 
the two step synthesis of PCL-b-PAA, 
characterisation of the block copolymer and its use 
for emulsion electrospinning. 

 

  

                                                        
1 C. Yuan, H. C. Lu, Q. Z. Li, S. Yang, Q. L. Zhao, J. Huang, L. H. Wei and Z. Ma, J. Polym. Sci., Part A-1: Polym. 
Chem., 2012, 50, 2398-2405. 
2 N. Chagneux, T. Trimaille, M. Rollet, E. Beaudoin, P. Gérard, D. Bertin and D. Gigmes, Macromolecules, 2009, 
42, 9435-9442. 

Fig 1: Composite fibres of PCL, PVPA-co-AA and 
PCL-b-PAA produced via emulsion electrospinning 
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  (USTHB)	
  
Algiers	
  16111,	
  Algeria	
  
	
  
BEREZKIN	
  Anatoly	
  
Technische	
  Universität	
  München	
  
Department	
  für	
  Physik	
  
James-­‐Franck-­‐Str.	
  1,	
  
Garching	
  D-­‐85747,	
  Germany	
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BERTANI	
  Daniela	
  
University	
  of	
  Milan	
  -­‐	
  Bicocca	
  
Department	
  of	
  Materials	
  Science	
  
via	
  Roberto	
  Cozzi	
  55	
  
Milano	
  20125,	
  Italy	
  
	
  
BIÇEN	
  ÜNLÜER	
  Özlem	
  	
  
Anadolu	
  University	
  
Department	
  of	
  Chemistry	
  
Yunus	
  Emre	
  Campus	
  
Eskişehir	
  26470,	
  Turkey	
  
	
  
BISTAC	
  Sophie	
  
Université	
  de	
  Haute	
  Alsace	
  
LPIM	
  
3b	
  rue	
  Alfred	
  Werner	
  
Mulhouse	
  68093,	
  France	
  
	
  
BLACKMAN	
  Lewis	
  
University	
  of	
  Warwick	
  
Gibbet	
  Hill	
  Road	
  
Coventry	
  CV4	
  7AL,	
  UK	
  
	
  
BORISOV	
  Oleg	
  
UMR	
  5254	
  CNRS/Université	
  de	
  Pau	
  
Institut	
  des	
  Sciences	
  Analitiques	
  et	
  de	
  
Physico-­‐Chimie	
  pour	
  l’Environnement	
  et	
  
les	
  Matériaux	
  
2,	
  av.	
  P.Angot	
  
Pau	
  F-­‐64053,	
  France	
  
	
  
BORSALI	
  Redouane	
  
Centre	
  de	
  Recherche	
  sur	
  les	
  
Macromolécules	
  Végétales,	
  CERMAV,	
  -­‐	
  
CNRS	
  
Grenoble	
  Alpes	
  University,	
  	
  
Grenoble	
  cedex	
  9,	
  38041,	
  France	
  
	
  
BROGLY	
  Maurice	
  
Université	
  de	
  Haute-­‐Alsace	
  
Institut	
  de	
  Recherche	
  Jean-­‐Baptiste	
  
Donnet	
  
3b	
  rue	
  Alfred	
  Werner	
  
Mulhouse	
  Cedex	
  68093,	
  France	
  
	
  

CAMPANELLA	
  Antonella	
  
Technische	
  Universität	
  München	
  	
  
Jülich	
  Centre	
  for	
  Neutron	
  Science	
  
Lichtenbergstra√üe	
  1	
  
Garching	
  bei	
  München,	
  85747,	
  Germany	
  
	
  
CAPRILE	
  Davide	
  
Badinotti	
  Group	
  SpA	
  
Viale	
  Ortes	
  5	
  
20139	
  Milano,	
  Italy	
  
	
  
CARETTI	
  Daniele	
  
Dip.	
  Chimica	
  Industriale	
  e	
  dei	
  Materiali	
  
Università	
  di	
  Bologna	
  
viale	
  Risorgimento	
  4	
  
40136	
  Bologna,	
  Italy	
  
	
  
CASTRO	
  Laurent	
  
Toyota	
  Motor	
  Europe	
  
Hoge	
  Wei	
  33	
  A	
  
Zaventem	
  1930,	
  Belgium	
  	
  
	
  
CETINTAS	
  Merve	
  
Wageningen	
  University	
  and	
  Research	
  
Centre	
  
Lab.	
  of	
  Physical	
  Chemistry	
  and	
  Soft	
  Matter	
  
Dreijenplein	
  6	
  
Wageningen,	
  6703	
  HB,	
  NL	
  
	
  
CHERTOVICH	
  Alexander	
  
Lomonosov	
  Moscow	
  State	
  University	
  
Physics	
  Department	
  
Leninskie	
  Gory	
  1-­‐2	
  
Moscow	
  119991,	
  Russia	
  
	
  
CHUANG	
  Wei-­‐Tsung	
  
National	
  Synchrotron	
  Radiation	
  Research	
  
Center	
  
101	
  Hsin-­‐Ann	
  Road	
  
Hsinchu	
  30076,	
  Taiwan	
  
	
  
CUI	
  Dongmei	
  
Chinese	
  Academy	
  of	
  Sciences	
  
Changchun	
  Institute	
  of	
  Applied	
  Chemistry	
  
5625	
  Renmin	
  Street	
  
Changchun	
  130022,	
  China	
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CUI	
  Jie	
  
Chinese	
  Academy	
  of	
  Sciences	
  
Changchun	
  Inst.	
  of	
  Applied	
  Chemistry	
  
5625	
  Renmin	
  Street	
  
Changchun	
  130022,	
  China	
  
	
  
DAL	
  POGGETTO	
  Giovanni	
  
IPCB-­‐CNR	
  Pozzuoli	
  	
  
Via	
  Campi	
  Flegrei	
  34	
  
80078	
  Pozzuoli	
  (NA),	
  Italy	
  
	
  
DAO	
  Thi	
  Phuong	
  Tuyen	
  
University	
  of	
  Bordeaux	
  
LCPO	
  UMR	
  5629	
  	
  
16	
  avenue	
  Pey-­‐Berland	
  	
  
Pessac	
  33607,	
  France	
  
	
  
DE	
  ROSA	
  Claudio	
  
University	
  of	
  Naples	
  
Department	
  of	
  Chemical	
  Sciences	
  
Complesso	
  Monte	
  S.	
  Angelo	
  
via	
  Cintia	
  
80126	
  Naples,	
  Italy	
  
	
  
DUHLEV	
  Rumen	
  
Elsevier	
  Ltd	
  
Materials	
  Science	
  
The	
  boulevard,	
  Langford	
  Lane,	
  Kidlington	
  
Oxford	
  OX5	
  1GB,	
  UK	
  
	
  
EMİR	
  DİLTEMİZ	
  Sibel	
  
Anadolu	
  University	
  
Department	
  of	
  Chemistry	
  
Yunus	
  Emre	
  Campus	
  
Eskişehir	
  26470,	
  Turkey	
  
	
  
ERSÖZ	
  Arzu	
  
Anadolu	
  University	
  
Department	
  of	
  Chemistry	
  
Yunus	
  Emre	
  Campus	
  
Eskişehir	
  26200,	
  Turkey	
  
	
  
EVANGELIO	
  Laura	
  
IMB-­‐CNM	
  (CSIC)	
  
C/Til.lers,	
  Campus	
  UAB	
  
Bellaterra,	
  Barcelona	
  08193,	
  Spain	
  

FERRARESE	
  LUPI	
  Federico	
  
Istituto	
  Nazionale	
  di	
  Ricerca	
  Metrologica,	
  
INRIM	
  
Nanoscience	
  and	
  Materials	
  Devision	
  
Strada	
  delle	
  Cacce	
  91	
  
10135	
  Torino,	
  Italy	
  
	
  
FISCALETTI	
  Giuliano	
  
Versalis	
  SpA	
  
R&D	
  Partner	
  Catalisi	
  
via	
  Baiona	
  107	
  
48123	
  Ravenna,	
  Italy	
  
	
  
FISCHER	
  Matthias	
  
Martin-­‐Luther-­‐Universität	
  Halle-­‐
Wittenberg	
  
Institut	
  für	
  Physik	
  
FG	
  Experimentelle	
  Polymerphysik	
  
Von-­‐Danckelmann-­‐Platz	
  3	
  
Halle	
  06120,	
  Germany	
  
	
  
FLYNN	
  Shauna	
  
Dublin	
  City	
  University	
  
National	
  Centre	
  for	
  Plasma	
  Science	
  and	
  
Technology	
  
Glasnevin	
  
Dublin	
  9,	
  Ireland	
  
	
  
FREY	
  Holger	
  
Johannes	
  Gutenberg	
  University	
  
Institute	
  of	
  Organic	
  Chemistry	
  
Duesbergweg	
  10	
  -­‐	
  14	
  
Mainz	
  55128,	
  Germany	
  
	
  
GALLI	
  Giancarlo	
  
Università	
  di	
  Pisa	
  
Dipartimento	
  di	
  Chimica	
  e	
  Chimica	
  
Industriale	
  
via	
  G.	
  Moruzzi	
  13,	
  56124	
  Pisa,	
  Italy	
  
	
  
GERMAN	
  Kostantin	
  
A.N.	
  Frumkin	
  Institute	
  of	
  Physical	
  
Chemistry	
  and	
  Electrochemistry	
  RAS	
  
Leninskyi	
  pr.	
  31/4	
  
119991	
  Moscow,	
  Russia	
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GIAMMARIA	
  Tommaso	
  Jacopo	
  
IMM-­‐CNR	
  
Laboratorio	
  MDM	
  
Via	
  C.	
  Olivetti	
  2	
  
20846	
  Agrate	
  Brianza	
  (MB),	
  Italy	
  
	
  
GIANOTTI	
  Valentina	
  
University	
  of	
  Piemonte	
  Orientale	
  DISIT	
  
via	
  T.	
  Michel	
  11	
  
15121	
  Alessandria,	
  Italy	
  
	
  
GOHY	
  Jean-­‐Francois	
  	
  
Université	
  Catholique	
  de	
  Louvain	
  (UCL)	
  
Bio	
  and	
  Soft	
  Matter	
  (BSMA),	
  Institute	
  of	
  
Condensed	
  Matter	
  and	
  Nanosciences	
  
(IMCN)	
  
Place	
  Louis	
  Pasteur,	
  1	
  
1348	
  Louvain-­‐la-­‐Neuve,	
  Belgium	
  
	
  
GOULD	
  Oliver	
  
University	
  of	
  Bristol	
  
Chemistry	
  Department	
  
Cantock’s	
  Close,	
  Bristol,	
  UK	
  
	
  
GOVAERTS	
  Sanne	
  
Universiteit	
  Hasselt	
  
Instituut	
  voor	
  Materiaalonderzoek	
  
Campus	
  Diepenbeek	
  
Kantoor	
  G1.84	
  
Diepenbeek,	
  B-­‐3590,	
  Belgium	
  
	
  
GUAZZELLI	
  Elisa	
  
Università	
  di	
  Pisa	
  
Dip.	
  di	
  Chimica	
  e	
  Chimica	
  Industriale	
  
via	
  G.	
  Moruzzi	
  13,	
  56124	
  Pisa,	
  Italy	
  
	
  
GUMEROV	
  Rustam	
  
Lomonosov	
  Moscow	
  State	
  University	
  
Department	
  of	
  Physics	
  
Leninskiye	
  Gory	
  1,	
  build.	
  2	
  
119991	
  Moscow,	
  Russia	
  
	
  

GUNKEL	
  Ilja	
  
Adolphe	
  Merkle	
  Institute	
  
Soft	
  Matter	
  Physics	
  Group	
  
Chemin	
  des	
  Verdiers	
  4	
  
Fribourg	
  1700,	
  Switzerland	
  
	
  
GUO	
  Leiming	
  
Nanjing	
  Tech	
  University	
  
5,	
  Xin	
  Mofan	
  St.,	
  Nanjing,	
  Jiangsu	
  
Nanjing	
  210009,	
  China	
  
	
  
HALILA	
  Sami	
  
CERMAV-­‐CNRS	
  
University	
  Grenoble	
  Alpes	
  
Domaine	
  Universitaire	
  
601	
  rue	
  de	
  la	
  chimie	
  
Grenoble	
  Cedex	
  9,	
  38041,	
  France	
  
	
  
HAN	
  Yanchun	
  
Chinese	
  Academy	
  of	
  Sciences	
  
Institute	
  of	
  Applied	
  Chemistry	
  
State	
  Key	
  Lab.	
  of	
  Polymer	
  Physics	
  &	
  Chem.	
  
Changchun	
  130022,	
  China	
  
	
  
HAN	
  Yuanyuan	
  
Chinese	
  Academy	
  of	
  Sciences	
  
Changchun	
  Institute	
  of	
  Applied	
  Chemistry	
  
5625	
  Renmin	
  Street	
  
Changchun	
  130022,	
  China	
  
	
  
HASHEMI	
  Payam	
  
Technische	
  Universität	
  Braunschweig	
  
Institut	
  für	
  Lebensmittelchemie	
  
Schleinitzstra√üe	
  20	
  
D-­‐38106	
  Braunschweig,	
  Germany	
  
	
  
HAYAKAWA	
  Teruaki	
  
Tokyo	
  Institute	
  of	
  Technology	
  
Department	
  of	
  Materials	
  and	
  Chemical	
  
Technology	
  	
  
2-­‐12-­‐1-­‐S8-­‐36	
  Ookayama,	
  Meguro-­‐ku	
  
152-­‐8552	
  Tokyo	
  ,	
  Japan	
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HORECHYY	
  Andriy	
  
Leibniz-­‐Institut	
  für	
  Polymerforschung,	
  
Dresden	
  e.V.	
  
Hohe	
  Straβe	
  6,	
  	
  
Dresden,	
  01069,	
  Germany	
  
	
  
HUANG	
  Haiying	
  
Chinese	
  Academy	
  of	
  Sciences	
  
Changchun	
  Inst.	
  of	
  Applied	
  Chemistry	
  
State	
  Key	
  Lab.	
  of	
  Polymer	
  Physics	
  and	
  
Chemistry	
  
Changchun	
  130022,	
  China	
  
	
  
HULKKONEN	
  Hanna	
  
Tampere	
  University	
  of	
  Technology	
  
Optoelectronics	
  Research	
  Centre	
  (ORC)	
  
Korkeakoulunkatu	
  3	
  
Tampere	
  33720,	
  Finland	
  
	
  
HÜR	
  Deniz	
  
Anadolu	
  University	
  
Department	
  of	
  Chemistry	
  
Yunus	
  Emre	
  Campus	
  
Eskişehir	
  26470,	
  Turkey	
  
	
  
HVILSTED	
  Søren	
  
Technical	
  University	
  of	
  Denmark	
  
Chemical	
  and	
  Biochemical	
  Engineering	
  
Building	
  227,	
  Soltofts	
  Plads	
  
Kgs.	
  Lyngby	
  2700,	
  Denmark	
  
	
  
JASINSKA-­‐WALC	
  Lidia	
  
SABIC	
  
Urmonderbaan	
  22	
  
Geleen,	
  6160	
  AH,	
  The	
  Netherlands	
  
	
  
JI	
  Shengxiang	
  
Changchun	
  Institute	
  of	
  Applied	
  Chemistry,	
  
Chinese	
  Academy	
  of	
  Sciences	
  
State	
  Key	
  Lab.	
  of	
  Polymer	
  Phys.	
  and	
  Chem.	
  
Changchun	
  130022,	
  China	
  
	
  
JIANG	
  Wei	
  
Chinese	
  Academy	
  of	
  Sciences	
  
Changchun	
  Inst.	
  of	
  Applied	
  Chemistry	
  
Changchun	
  130022,	
  China	
  

JIN	
  Cong	
  
University	
  of	
  Alberta	
  
Department	
  of	
  Chemistry	
  
11227	
  Saskatchewan	
  Drive	
  
Edmonton	
  T6G	
  2G2,	
  Canada	
  
	
  

KELLEHER	
  Susan	
  
Dublin	
  City	
  University	
  
National	
  Centre	
  for	
  Plasma	
  Science	
  and	
  
Technology	
  
Glasnevin,	
  Dublin	
  9,	
  Irelan	
  
	
  
KIM	
  Jin	
  Kon	
  
Pohang	
  University	
  of	
  Science	
  and	
  Techn.	
  
Department	
  of	
  Chemical	
  Engineering	
  
San	
  31,	
  Hyo-­‐ja	
  dong,	
  Pohang	
  	
  
Kyungbuk,	
  790-­‐784,	
  Korea	
  
	
  
KIZHNYAEV	
  Valery	
  
Irkutsk	
  State	
  University	
  
Department	
  of	
  Chemistry	
  
st.	
  Karl	
  	
  Marks,	
  1	
  
Irkutsk	
  664003,	
  Russia	
  
	
  
KORCHIA	
  Laetitia	
  
IAM,	
  ICGM	
  UMR	
  5253	
  
Université	
  de	
  Montpellier	
  
Place	
  Eugène	
  Bataillon,	
  CC1703	
  
Montpellier	
  Cedex	
  5,	
  34095,	
  France	
  
	
  
KOS	
  Pavel	
  
Lomonosov	
  MSU	
  
Physics	
  Department	
  
GSP-­‐1,	
  Leninskie	
  gory,	
  1,	
  bld.	
  2	
  
Moscow	
  119991,	
  Russia	
  
	
  
KOSTINA	
  Julia	
  
Topchiev	
  Institute	
  of	
  Petrochemical	
  
Synthesis,	
  RAS	
  
Leninsky	
  Prospect,	
  29	
  
Moscow	
  119991,	
  Russia	
  
	
  
KOZHUNOVA	
  Elena	
  Yu.	
  
Lomonosov	
  Moscow	
  State	
  University	
  
Physics	
  Department	
  
Leninskie	
  Gory,	
  1-­‐2	
  
Moscow	
  119991,	
  Russia	
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KUPATADZE	
  Nino	
  
Agricultural	
  University	
  of	
  Georgia	
  	
  
Institute	
  of	
  Chem.	
  &	
  Molecular	
  Eng.	
  
University	
  Campus	
  at	
  Digomi	
  
David	
  Aghmashenebeli	
  Alley,	
  13-­‐th	
  km	
  
Tbilsi	
  0159,	
  Georgia	
  
	
  
LAUS	
  Michele	
  
University	
  East	
  Piemonte	
  
DISIT	
  Department	
  
via	
  T.	
  Michel	
  11	
  
15121	
  Alessandria,	
  Italy	
  
	
  
LE	
  MEINS	
  Jean-­‐François	
  
University	
  of	
  Bordeaux	
  -­‐	
  LCPO	
  UMR	
  5629	
  	
  
16	
  avenue	
  Pey-­‐Berland	
  	
  
PESSAC	
  	
  33607,	
  France	
  
	
  
LI	
  Shihui	
  
Chinese	
  Academy	
  of	
  Sciences	
  
Changchun	
  Institute	
  of	
  Applied	
  Chem.	
  
5625	
  Renmin	
  Street	
  
Changchun	
  130022,	
  China	
  
	
  
LI	
  Tao	
  
Technical	
  University	
  of	
  Denmark	
  
Kollegiebakken	
  19,	
  212	
  
Lyngby	
  2800,	
  Denmark	
  
	
  
LIN	
  Yuan	
  
Chinese	
  Academy	
  of	
  Sciences	
  
Changchun	
  Institute	
  of	
  Applied	
  Chem.	
  
5625	
  Renmin	
  Street	
  
Changchun	
  130022,	
  China	
  
	
  
LORENZETTI	
  Cesare	
  
Tetra	
  Pak	
  
Zl	
  La	
  Maillarde	
  6	
  
Romont	
  1680,	
  Switzerland	
  
	
  
LOVA	
  Paola	
  
Università	
  degli	
  Studi	
  di	
  Genova	
  
Dip.	
  di	
  Chimica	
  e	
  Chimica	
  industriale	
  
Via	
  Dodecaneso	
  31,	
  16146	
  Genova,	
  Italy	
  
	
  

MAGINI	
  Andrea	
  
University	
  of	
  Parma	
  
Department	
  of	
  Chemistry	
  
via	
  Giovanni	
  Antinori	
  5,	
  	
  
62032	
  Camerino,	
  Italy	
  
	
  
MAURI	
  Michele	
  
Università	
  di	
  Milano-­‐Bicocca	
  
Dipartimento	
  di	
  Scienza	
  dei	
  Materiali	
  
via	
  R.	
  Cozzi,	
  55	
  
20125	
  Milano,	
  Italy	
  
	
  
MAYER	
  Andre	
  
Bergische	
  Universität	
  Wuppertal	
  
Microstructure	
  Engineering	
  
Rainer-­‐Gruenter-­‐Str.	
  21	
  
Wuppertal	
  42119,	
  Germany	
  
	
  
METREF	
  Farid	
  
Univ.	
  	
  Sciences	
  &	
  Tech.	
  Houari	
  Boumediene	
  
Faculty	
  of	
  Chemistry,	
  BP	
  32	
  El-­‐Alia,	
  Bab-­‐
Ezzouar,	
  Dar-­‐El-­‐Beida	
  
Algiers	
  16111,	
  Algeria	
  
	
  
METWALLI	
  Ezzeldin	
  
Technische	
  Universität	
  München	
  
Physik-­‐Department	
  E13	
  
Lehrstuhl	
  für	
  Funktionelle	
  Materialien	
  
James-­‐Franck-­‐Str.	
  1	
  
Garching	
  85748,	
  Germany	
  
	
  
MEYER	
  Jens	
  
University	
  Duisburg-­‐Essen	
  
Technical	
  Chemistry	
  II	
  
Universitaetsstr.	
  7	
  
Essen	
  45141,	
  Germany	
  
	
  
MICHALAK	
  Przemysław	
  	
  
Fraunhofer	
  Institute	
  for	
  Integrated	
  Systems	
  
and	
  Device	
  Technology	
  
Schottkystr.	
  10	
  
Erlangen	
  91058,	
  Germany	
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MICHAUD-­‐BERNLOCHNER	
  Julie	
  
Heraeus	
  Deutschland	
  GmbH	
  &	
  Co.	
  KG	
  
Reinhard-­‐Heraeus-­‐Ring	
  29	
  
Kleinostheim	
  63801,	
  Germany	
  
	
  
MONTANA	
  Juan-­‐Sebastian	
  
ARTS	
  ET	
  METIERS	
  PARISTECH	
  	
  
151,	
  Boulevard	
  de	
  l'Hôpital	
  
Paris	
  75013,	
  France	
  
	
  
MÜLLER-­‐BUSCHBAUM	
  Peter	
  
Technische	
  Universität	
  München	
  
Lehrstuhl	
  für	
  Funktionelle	
  Materialien	
  
James-­‐Franck-­‐Str.	
  1	
  
Garching	
  85748,	
  Germany	
  
	
  
MURPHY	
  Jeffrey	
  
Eindhoven	
  University	
  of	
  Technology	
  
Dept.	
  Chemical	
  Engineering	
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