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SURFACES, INTERFACES AND ORGANIC BIONICS 
GORDON G. WALLACE1 

1ARC Centre of Excellence for Electromaterials Science (ACES), Intelligent Polymer Research 
Institute, AIIM Facility, Innovation Campus, University of Wollongong, Wollongong, NSW 2522  

 (Australia) – Email: gwallace@uow.edu.au 

 

Abstract 
Effective interfacing of biological systems with man-made materials and structures should 
revolutionise medical science. 

Interfacing biology and electronics (bionics) has already resulted in prosthetics such as the bionic ear 
and the bionic eye, treatments for Parkinson’s disease and epilepsy. At present the performance of 
such devices and the realization of others remains limited by the fidelity of information that can be 
transmitted across the electrode-cellular interface1,2. 

A number of significant advances have occurred and these have fuelled progress in bionics. 

Ø Discovery of new organic conductors (including graphene, carbon nanotubes and inherently 
conducting polymers)3,4. 

Ø Development of new fabrication strategies (including 3D printing) that enable the realization of 
complex structures with control over spatial distribution of composition5,6,7. 

Ø Development of new biofabrication tools giving unprecedented insights into biomolecular events 
occurring at the interface with new electrodes8. 

Here, we will present our recent contribution to each of these areas. 

We will do so in the context of our pursuit of devices for real clinical applications to enable the 
realization of 

Ø Implanted conduits for nerve and muscle regeneration. 

Ø Implanted bionic devices for epilepsy detection and control. 

                                         
1 Wallace, G.G., Moulton, S.E., Clark, G.M. “Electrode-Cellular Interface” Science 2009, 324 (5924), 185-186. 
2 Wallace, G.G., Moulton, S.E., Higgins, M.J., Kapsa, R.M.I. “Organic Bionics” Wiley-VCH Verlag & Co. 
KGaA, Boschstr. 12, 69469 Weinheim, Germany 2012. 
3 Sherrell, P.C., Thompson, B.C., Wassei, J.K., Gelmi, A.A., Higgins, M.J., Kaner, R.B., Wallace, G.G. 
“Maintaining Cytocompatibility of Biopolymers Through a Graphene Layer for Electrical Stimulation of Nerve 
Cells” Advanced Functional Materials 2014, 24, 769-776. 
4 Stewart, E., Kobayashi, N.R., Higgins, M.J., Quigley, A.F., Jamali, S., Moulton, S.E., Kapsa, R.M.I., Wallace, 
G.G., Crook, J.M. “Electrical Stimulation Using Conductive Polymer Polypyrrole Promotes Differentiation of 
Human Neural Stem Cells: A Biocompatible Platform for Translational Neural Tissue Engineering” Tissue 
Engineering: Part C 2015, 21 (4), 1-9. 
5 Ferris, C.J., Gilmore, K.J., Beirne, S., McCallum, D., Wallace, G.G., in het Panhuis, M. “Bio-ink for on-
demand printing of living cells” Biomaterials Science 2013, 1, 224-230. 
6 Chung, J.H.Y., Naficy, S., Yue, Z., Kapsa, R., Quigley, A., Moulton, S.E., Wallace, G.G. “Bio-ink properties 
and printability for extrusion printing living cells” Biomaterials Science 2013, 1, 763-773. 
7 Cornock, R., Beirne, S., Thompson, B., Wallace, G.G. “Coaxial additive manufacture of biomaterial composite 
scaffolds for tissue engineering” Biofabrication 2014, 6, 025002 (9pp). 
8 Gelmi, A., Higgins, M.J., Wallace, G.G. “Quantifying fibronectin adhesion with nanoscale spatial resolution 
on glycosaminoglycan doped polypyrrole using Atomic Force Microscopy” Biochimica et Biophysica Acta 
2013, 1830, 4305-4313. 
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ELECTROACTIVE FABRICS FOR TISSUE ENGINEERING AND SOFT 
ROBOTICS  

EDWIN W. H. JAGER 

Department of Physics, Chemistry and Biology (IFM), Linköping University, 58422 Linköping 
(Sweden) – Email: edwin.jager@liu.se 

 

Abstract 
Electroactive polymers (EAP) such as conducting polymers are interesting materials not only for 
printed, low cost electronics, photovoltaics and light emitting devices but also for use in soft actuators. 
These “smart” materials deform in response to electrical simulation and are often addressed as 
artificial muscles due to their functional similarity with natural muscles. The materials operate at low 
voltages, can use aqueous electrolytes and have been shown to be biocompatible. In addition since the 
materials are both ion and electronic conductive they can be an interface between traditional hard 
electronics that communicate by electrons and soft, wet biological materials such as tissue and cells 
that predominantly communicate by ionic signals. This makes the materials interesting candidates for 
bioelectronic applications including tissue engineering. Likewise the fact that they are lightweight and 
operate silently makes them suitable as compliant actuators for soft robotics. 

   Tissue engineering and stem cell therapy are the promising treatments of cardiac infarctions. The 
stem cell niche is vital for the proliferation and differentiation of stem cells and tissue regeneration. 
An artificial carrier, e.g. a scaffold, is needed to introduce stem cells into the host tissue as direct 
injection of stem cells showed fast stem cell death. We are currently developing EAP scaffolding 
fabrics for cardiac tissue engineering. The electrospun EAP scaffold mimics the extracellular matrix 
and provides a 3D microenvironment that can be easily tuned during fabrication, such as controllable 
fibre dimensions, alignment, and coating. In addition, the scaffold provides electrical and 
electromechanical stimulation1 to the stem cells which are important external stimuli to stem cell 
differentiation. This stimulation is expected to increase the differentiation ratio of stem cells into 
cardiomyocytes2,3. Excellent biocompatibility was achieved using primary cardiovascular progenitor 
cells4. We present the fabrication, electrochemical and electromechanical characterisation as well as 
the response of the stem cells to the scaffolds and to the stimulation. 

   Likewise we can use advanced textile technology to create a new type of soft actuators: electroactive 
textiles. Textile technology allows for a rational assembly of fibres. We developed new EAP based 
fibres, or yarn, employing a metal-free combined chemical-electrochemical synthesis route5 and 
assembled them in to EAP fabrics that show enhanced performance over individual fibres. We will 
present the fabrication and characterisation of these fibres and fabrics as well as their performance as 
linear actuators. 

 

(1) Svennersten, K.; Berggren, M.; Richter-Dahlfors, A.; Jager, E. W. H. Lab on a Chip 2011, 11, 3287. 

(2) Shimizu, N.; Yamamoto, K.; Obi, S.; Kumagaya, S.; Masumura, T.; Shimano, Y.; Naruse, K.; Yamashita, J. 
K.; Igarashi, T.; Ando, J. Journal of Applied Physiology 2008, 104, 766. 

(3) Ghafar-Zadeh, E.; Waldeisen, J. R.; Lee, L. P. Lab on a Chip 2011, 11, 3031. 

(4) Gelmi, A.; Ljunggren, M.; Rafat, M.; Jager, E. W. H. Journal of Materials Chemistry B 2014, 2, 3860. 

(5) Maziz, A.; Persson, N.-K.; Jager, E. W. H. In Electroactive Polymer Actuators and Devices (EAPAD) 2012; 
Bar-Cohen, Y., Ed.; SPIE - International Society for Optical Engineering: San Diego, USA, 2015; Vol. 9430, p 
9430. 
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CONDUCTIVE POLYMER HYBRIDS: THE ROLE OF COUPLING AGENTS AND 
SURFACTANTS 

MÁRIA OMASTOVÁ1, DINESH K. ASWAL2, MOHAMED M. CHEHIMI3,4 
1 Polymer Institute, Slovak Academy of Sciences, Dúbravská cesta 9,845 41 Bratislava, Slovakia –  

2 Technical Physics Division, Bhabha Atomic Research Centre (BARC), Mumbai, 400085, India 
3 Sorbonne Paris Cité, ITODYS, UMR CNRS 7086, 15 rue Jean de Baïf, 75013 Paris, France 

4 ICMPE and UPEC, CNRS (UMR7182), SPC Lab, 2-8 rue Henri Dunant, 94320 Thiais, France 

 

Abstract 
Conductive polymer hybrids are the subject of numerous studies. These materials provide the 
possibility to design devices with a new functionality, where the best of both organic and inorganic, or 
insulating organic and conductive organic can be utilized. Conductive polymer hybrids concern so 
many applications such as coatings, fillers, sensors, adsorbents, nanocomposites, and so on. However, 
one key issue is to control the interface using surfactants or coupling agents. 

Herein we summarize our findings on the use of surfactants [1] or coupling agents such as silanes [2] 
and aryl diazonium salts [3] for making: 

- adherent coatings on inorganic and flexible organic substrates (PET, PEN) 

- intercalated and exfoliated clay-polypyrrole nanocomposites 

- core-shell carbon nanotube-polyaniline nanocomposites 

- fillers for thermoplastics and thermosets 

to name but a few applications. 

The emphasis will be on the paramount role of the surface modifiers or coupling agents in improving 
adhesion of the conductive polymer to the substrate and the effect on the performances of the hybrid 
conductive systems. 
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References 
[1] K. Boukerma, et al. Colloids and Surfaces.A: Physicochem. Eng. Asp. 2007, 293, 28-38. 

[2] (a) K. Jlassi et al. Colloids and Surfaces.A: Physicochem. Eng. Asp. 2013, 439, 193– 199. / (b) A. Singh, 
RSC Adv., 2013, 3, 5506-5523. 

[3] (a) S. Gam-Derouich, et al. Surf. Sci., 2011, 605, 1889-1899. / (b) K. Jlassi et al., RSC Adv. 2014, 4, 65213-
65222 / (c) A. Mekki et al. J. Colloid Interface Sci., 2014, 418, 185-192. 
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DISTRIBUTION OF FILLERS  
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Danish Polymer Centre, Department of Chemical and Biochemical Engineering, Technical University 

of Denmark, Denmark (email: al@kt.dtu.dk) 

 

Abstract 
Polydimethylsiloxane (PDMS) elastomers employing conductive fillers are used in many applications 
for e.g. flexible electrode materials or with lower amounts of fillers for high capacitance elastomers. 
Traditionally, the most commonly applied filler in such applications has been carbon black, which 
through high loading results in sufficiently high conductivities. During recent years, the range of 
conductive fillers has been extended to include i.e. expanded graphite, single walled carbon nanotubes 
and multi walled carbon nanotubes (MWCNTs), whereof in particular MWCNTs are interesting due to 
their outstanding electrical and mechanical properties. However, the use of MWCNTs for many new 
applications requires efficient processing strategies in order to result in elastomers with an efficient 
and reproducible dispersion of the nanomaterial. If efficient dispersion of the nanomaterial in the 
PDMS precursors is achieved, the mixture should furthermore be able to crosslink without 
interference from the nanofiller1. There are several possible pathways to obtain such dispersions, 
where these could be divided into two main strategies, direct mixing using processing equipment or 
modification of the MWCNTs followed by traditional preparation of the crosslinked elastomer. Both 
pathways have been investigated and the presentation will outline results from both approaches. 

Direct processing of the MWCNTs together with PDMS prepolymers by mechanical mixing, 
sonication, speedmixing or roll milling have been investigated. It is very clear that in order to obtain 
sufficiently effective dispersion, it is necessary to use the more efficient methods such as roll milling 
or speed mixing to distribute the fillers. As an alternative to direct mixing, modification of MWCNTs 
is a well-known approach to ease dispersion of nanomaterials. This can be done by surface initiated 
polymerizations by e.g. atom transfer radical polymerization (ATRP) using compatibilizing 
monomers. Through the surface initiated polymerization a thin coating of polymer is introduced on the 
MWCNTs to prevent agglomeration and permit much easier dispersion into the targeted polymer such 
as a PDMS prepolymer.  

 
Figure 1: Dispersing MWCNT effectively in PDMS by Pathway 1: Direct processing or Pathway 2: 

Modification or entrapment and subsequent crosslinking. 

 
References 
1. S.S. Hassouneh, A.E. Daugaard, A.L. Skov, Design of Elastomer Structure to Facilitate Incorporation of 
Expanded Graphite in Silicones without Compromising Mechanical Integrity; Macromolecular Materials and 
Engineering, 2015. 
 
 



EUPOC2015 – CONDUCTING POLYMERIC MATERIALS 
GARGNANO (I), 24-28 MAY , 2015 

 5 

IL 5 
 



EUPOC2015 – CONDUCTING POLYMERIC MATERIALS 
GARGNANO (I), 24-28 MAY , 2015 

 6 

IL 6 

 



EUPOC2015 – CONDUCTING POLYMERIC MATERIALS 
GARGNANO (I), 24-28 MAY , 2015 

 7 

IL 7 
 

 



EUPOC2015 – CONDUCTING POLYMERIC MATERIALS 
GARGNANO (I), 24-28 MAY , 2015 

 8 

IL 8 
 

TOWARDS SOLAR FUELS FROM CONJUGATED POLYMER 
PHOTOELECTRODES 

GRAEME SUPPES PATRICK FORTIN, PANKAJ CHOWDHURY AND STEVEN HOLDCROFT * 

Department of Chemistry, Simon Fraser University, Burnaby, BC, Canada V5A 1S6 

 

Abstract 

The photovoltaic (PV) industry is undergoing rapid growth. Inorganic-based semiconductor 
materials currently dominate the PV industry. However, organic semiconductors are being 
intensely investigated because they offer roll-to-roll manufacturing alternatives. However, to 
overcome temporal variations in sunlight, solar energy needs to be efficiently converted into 
chemical fuel that can be stored, transported, and used upon demand. An approach is the 
photoelectrolysis of water, which typically employ inorganic semiconducting materials. 

In this talk, conjugated polymers are examined for photocathode activity in aqueous solutions.  
Photoelectrochemistry at p-type organic semiconductor in acidic and neutral conditions will be 
presented and discussed. The origin of photoelectrochemical cathodic current will be described 
with the view to water splitting and “charging” of various redox couples.  
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USE OF POLYMERS FOR HIGH-ENERGY-DENSITY BATTERIES 
SOUMYADIP CHOUDHURY1,2, MUKESH AGRAWAL1, PETR FORMANEK1, ANNE FREITAG1,2, 

MANFRED STAMM1,2, LEONID IONOV1 
1Leibniz-Institut für Polymerforschung Dresden e.V., Hohe Str. 6, D-01069 Dresden, Germany 

stamm@ipfdd.de 
2Technische Universität Dresden, Physical Chemistry of Polymer Materials, D-01062 Dresden, 

Germany 

 

The storage of energy is a challenge for the effective use of regenerative energy sources like 
wind and solar energy. Efficient and high-energy-density batteries could help in this respect and at 
the same time make e-mobilty more acceptable due to more affordable batteries with higher range. 
Besides other concepts LiS-batteries would provide a solution since they promise a much higher 
energy-density and capacity compared to conventional Li-ion batteries. There are however still 
many problems to be solved. Polymers can be used for the design of cathodes which contain sulfur 
in a porous conductive structure1. Nanoporous carbon cathodes for lithium sulfur batteries can be 
produced by pyrolysis of gyroid replicas based on polystyrene-poly-4-vinyl pyridine (PS-P4VP) 
block copolymer sacrificial templates. A free standing gyroid carbon network with highly ordered 
and interconnected porous structure is fabricated by impregnating the carbon precursor solution 
into the gyroid block copolymer nanotemplates and subsequently carbonizing them at elevated 
temperature in an inert media. A wide range of analytical tools are employed to characterize 
fabricated porous carbon materials2. Prepared nanostructures exhibit a fascinating morphology with 
high surface area and uniform porosity with interconnected three dimensional networks. Those 
nanoporous templates with gyroid structure provide high cycling stability of lithium sulfur batteries 
over more than 100 cycles. Other routes based on polymer hybrid structures will be discussed. 
Further aspects include optimization of separator and electrolyte to minimize so-called polysulfur 
shuttle and dendride formation which limit battery lifetime. 

 

 
References 

1. M. Agrawal, S. Choudhury, K. Gruber, F. Simon, D. Fischer, V. Albrecht, M. Göbel, S. Koller, M. Stamm, 
L. Ionov, Porous carbon materials for Li-S batteries based on resorcinol-formaldehyde resin with inverse opal 
structure, Journal of Power Sources 261 (2014) 363-370 

2. M. Müller, S. Choudhury, K. Gruber, V.B. Cruz, B. Fuchsbichler, T. Jacob, S. Koller, M. Stamm, L. 
Ionov, B. Beckhoff, Sulfur x-ray absorption fine structure in porous Li-S cathode films measured under argon 
athmospheric conditions, Spectroscimica Acta B94 (2014) 22-24 
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SAM MURPHY, ROBERT C. T. SLADE, DANIEL K. WHELLIGAN, IAN HAMERTON, JOHN R. VARCOE 

Department of Chemistry, University of Surrey, Guildford GU5 0UW, UK,  
Email: j.varcoe@surrey.ac.uk 

Abstract 

This talk will discuss anion-exchange membranes (AEM) for application in a diversity of clean 
energy technologies [Varcoe et al., Energy Environ. Sci., 2014, 7, 3135]. These include alkaline 
polymer electrolyte fuel cells (APEFC) and reverse electrodialysis (RED) cells. These technologies 
include the application of the AEMs in both neutral and alkaline pH conditions. 

This presentation will present recent research into radiation-grafted anion-exchange membranes 
(AEM), which are anion-conducting polymer electrolytes that contain a variety of morphologies 
and chemistries. Small-scale experiments have been conducted and synthesis protocols have been 
developed. The ultimate aim is to use this methodology for the repeatable production of large (lab-
scale) batches of materials (e.g. square-metre-sized batches of AEM). Such a development will 
enable a large number of tests and experiments to be conducted on the same batch of material. This 
facilitates materials research by allowing the comparison of AEMs where a single variable has 
varied between different samples. For-example different AEMs can be synthesised that have the 
same ion-exchange capacities and polymer backbones but where the chemistries of the cationic 
head-groups is varied.  

The radiation-grafted AEMs (with similar ion-exchange capacities) discussed possess a diverse 
range of cationic chemistries, such as benzyltrialkylammonium, benzylimidazoliums, 
benzylpyridiniums, and benzylpiperaziniums. Some of these AEMs are being utilised in APEFCs 
(in high pH conditions), whilst others can only be applied to systems with neutral pHs (e.g. AEMs 
for use in RED cells). As well as characterisation, the ionic conductivities of these materials have 
been evaluated. 
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POLYMER COMPOSITE  
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ARNAUD MAGREZ3, 
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3 Crystal Growth Facility, Ecole Polytechnique Fédérale de Lausanne, Station 3, CH-1015 Lausanne, 
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Abstract 

 
          SU8 epoxy is a photo-resist with great intrinsic properties such as high thermal stability, chemical 
and mechanical robustness along with high sensitivity to UV. Having eight reactive epoxy sites in each 
monomer molecule, a high degree of cross-linking is attainable for SU8 after photo-activation and 
thermal treatment. These characteristics make SU8 one of the most favorable polymers for MEMS 
applications, pattern transfer and fabrication of high aspect ratio structures1. However, besides the 
attractive features, SU8 has few drawbacks: it is an electrically insulating material with very low thermal 
conductivity; it is brittle and has high internal stresses which can lead to bending of the structures2,3. 
Addition of fillers has been shown to partially overcome these drawbacks4,5.  

         Graphene, due to its advantageous electronic and mechanical properties as well as good chemical 
stability, is considered as a promising material for nanoelectronic and optoelectronic devices. Having a 
very high specific surface area (2600m2 g-1 6) enables high electrical conductivities for composites with a 
low loading of graphene fillers. 

         In this work, we present SU8-graphene-based nanocomposite containing reduced graphene oxide 
(RGO) flakes, as a new patternable conductive polymer with electrical properties superior to other 
graphene-based polymer composites7. Our composites preserve the photo-patternability after optimization 
of UV lithography parameters and well-defined structures can be drawn at wafer scale.         Scanning and 
transmission electron microscopy were used to analyze the microstructures of the composites. Chemical 
contribution of the RGO fillers within the matrix, before and after crosslinking of the polymer matrix, 
was investigated by FTIR and FTraman spectroscopy.  

        Electrical and mechanical properties of these composites can be controlled by tuning the content of 
graphene flakes within the SU8 matrix. Electrical conduction of  the composite samples containing 
various volume fractions of RGO was measured using two and four probe methods. We showed that the 
conductivity ( ) behavior of the composites as a function of volume fraction ( ) is not consistent with the 
classical percolation model of transport. Instead, we suggest that the composite conductivity results from 

tunneling processes between the graphene flakes:  , where,  is the tunneling decay length, 
and  is typical distance between two particle surfaces. High electrical conductivities compare to pure 
SU8, even at very low filler loadings, is a result of homogeneous dispersion of the flexible graphene 
flakes in the SU8 matrix. 

                                                
1 Lorenz H. et al., J. Micromech. Microeng. 1997;7:121–4 
2 Abgrall P. et al., Electrophoresis. 2007;28:4539–51 
3 Koukharenko E. et al., J. Mater Sci Mater Electron 2005;16:741–7 
4 Jiguet S. et al. Adv. Funct. Mater. 2005;15:1511–6 
5 Chiamori HC. et al., Microelectron J. 2008;39:228–36 
6 Stankovich S. et al., Nature 2006;442:282–6. 
7 Majidian M. et al., Carbon 2014;80:364–372 
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INFLUENCE OF GRAPHITE NANOPLATELETS 8gnp9 DISPERSION ON THE 
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Hermosillo 140 C.P. 25294, Saltillo Coahuila, México, – Email: hope_rfno@hotmail.com 
2Leibniz Institute of Polymer Research Dresden, Hohe Str. 6, D-01069, Dresden, Germany  

 
Abstract 

 
A series of composites based on high density polyethylene (HDPE) with graphite nano platelets (GNP) 
was prepared by melt mixing using a Branbeder mixing Plasticorder k07-176/A. The GNP material was 
pre-dispersed using ultrasonification of dry powders using differents conditions. GNP contents of 3, 5, 6 
and 7 wt% were used. The dispersion of the GNP within the composites was studied using light 
Microscopy on thin sections of pressed plates in two directions. The state of dispersion was quantified 
using the agglomerate area ratio. Thermal and Electrical conductivity were measure and related to the 
state of dispersion and pre-treatment conditions. It was found for composites with 5 wt% of GNP, the 
ration area decreases improved GNP dispersion, while with the addition of 7 wt% does not improved 
GNP dispersion due to size agglomeration in composites. The experimental results revealed that GNP 
could be dispersed in the form of nano sheets in the HDPE matrix. 
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New textiles also called smart textiles usually contain metal fibres or other elements as sensors. In the 
current study, we tried to prepare conductive textiles by surface coating of PES, cotton, and PES/cotton 
mixture with polymeric composites containing expanded graphite [1]. The conductivity, flammability, 
thermostability and contact angles were measured before and after washing of coated textiles with 
detergents.  
Electrical conductivity of all untreated textiles was about 10-14 S/cm. The surface treatment with 
conducting suspension of graphite led to substantially higher values of the conductivity. SEM study 
demonstrated the quality of surface treatment by polymeric matrix Axilat containing graphite. The 
coating remains preserved also after series of 5 cycle washing.  
Flammability of textiles was investigated by the cone calorimeter. Parameters characterising the burning 
processes as heat release rate, time to ignition, total oxygen consumed, total smoke released, effective 
heat of combustion as well as calculated value of maximum rate of heat emission (MARHE) will be 
presented.  
TGA results showed that washing lowered the onset temperature, the first step of degradation of washed 
samples probably due to using detergent SDS. The second step of TGA curves depended on the textile 
type. Textile treatment with polymeric matrices has an impact on thermal stability of washed samples – it 
lowers the onset of degradation, depending on the textile type. From studied textile treated PES samples 
showed the best thermostability.  
 
 
Acknowledgement. The authors are grateful for financial support provided by projects ERA-Net ID 794, 
VY-Intech-Tex ITMS 26220220134, and COST MP1105. 
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Abstract 
 

In the past decades, silicon-based inorganic solar cells have achieved significant development; their 
power conversion efficiency has reached over 20%. Yet, bulk heterojunction (BHJ) polymer solar cells 
(PSCs) have drawn great attention because of the advantages of easy fabrication, low cost, light weigh 
and flexibility.  

PSCs are commonly composed of a photoactive blend film of a conjugated polymer (donor) and 
fullerene/fullerene derivative (acceptor) sandwiched between a PEDOT:PSS coated ITO (positive 
electrode) and a low-work function metal (negative electrode). When light irradiates on the PSCs through 
the transparent ITO electrode, the semiconducting donor and acceptor materials in the photoactive layer 
absorb photons to form excitons (bounded electron-hole pairs), then the excitons diffuse to the 
donor/acceptor interfaces where the excitons dissociate into electrons and holes. The dissociated electrons 
and holes then move to and are collected by negative and positive electrode, respectively, to realize the 
photon-to-electron conversion.  

The most representative polymer donor and fullerene derivative acceptor used in the PSCs are 
regioregular poly-(3-hexylthiophene) (P3HT) and [6,6]-phenyl-C61-butyric acid methyl ester (PC60BM), 
respectively, and the power conversion efficiency (PCE) of the PSCs based on P3HT/PC60BM reached 
reproducibly over 4%. Further PCE improvement in PSCs demands novel donor and acceptor 
photovoltaic materials elaboration. In this aspect, polysilanes seem to be a promising donor material. 
They belong to a class of σ-conjugated polymers and exhibit intrinsic electric conductivity, broad 
photoluminescence and transparency in the visible region. 

In this presentation, we report on formation and investigation of PSCs, which photoactive layer is 
based on diphenylsilane/methylsilane copolymer (PSHDF) and PC70BM, the last being a C70 derivative. 
The cyclic voltammograms of PSHDF and PC70BM allowed estimation of their electron HOMO and 
LUMO energy levels and conclusion on potential increasing efficiency of the PSHDF/PC70BM system as 
compared with PCE of the P3HT/PC60BM system. 

We synthesized a highly soluble PSHDF copolymer in a microwave reactor using a Wurtz reaction. In 
the UV-vis spectra of the PSHDF/fullerene nanocomposite, we found a strong bathochromic shift of the 
absorption band as compared with a neat copolymer, whereas in the luminescence spectra of this 
nanocomposite, we detected an intensive luminescence quenching. Both findings indicate formation of 
intermolecular charge transfer complex between PSHDF and fullerene. This phenomenon evidences 
formation of BHJ structure in the nanocomposite for the photoactive layer of PSCs. 

PSCs of the conventional structure ITO/PEDOT:PSS/BHJ/LiF/Al (BHJ = PSHDF/PC70BM) were 
constructed and their functional characteristics were determined. Optimization of PSHDF/PC70BM ratio 
and active layer thickness are in progress.  
 
Financial supports from the Russian Foundation of Basic Research (grant 13-03-00033) is gratefully 
acknowledged. 
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Abstract 
 

Ever since the discovery of carbon nanotubes (CNT) they have been a hot topic in the field of 
nanotechnology, showing great potential towards many applications. However, despite the extensive 
research that has been done, the optimal use of pristine CNT for the production of electrically conductive 
systems are still being investigated, especially for water based UV-curable polyurethane dispersion (UV-
PUD) coatings. The shortcoming of CNT can be attributed to the π-π interactions among them, limiting 
their exfoliation into solvents and/or matrices. Even though the use of classical surfactants such as sodium 
dodecyl sulfate (SDS) leads to well dispersed CNT in water, processing of such dispersions into coatings 
can be less than ideal.  
 
A polydimethylsiloxane (PDMS) based block copolymer can act as a compatibilizer1 by forming an 
ancherpoint between CNT and matrix, thereby improving the dispersion quality and the interfacial 
interactions between CNT and matrix. In this work a PDMS block interacted with multiwalled CNT 
(MWCNT) through CH-π interactions while the other block consisted of an ionic polyurethane block 
compatible with a UV-PUD matrix. The exfoliation of CNT into water using ultrasonication was 
monitored using UV-Vis spectroscopy.2 The localization of CNT in the PDMS phase of the dispersed 
block copolymer resulted in a nucleating effect of CNT on the crystallization kinetics of PDMS, which 
was visible using differential scanning calorimetry (DSC). 
 
The produced aqueous CNT dispersions are suitable for the formulation of UV-PUD coating systems. 
Before coalescence of the colloidally dispersed PU-nanoparticles upon drying (film formation), they form 
a segregated structure similar to the latex technology leading to low electrical percolation thresholds (~ 
0.1 weight percent of CNT). Cross-linking of the UV-PUD coatings increased the glass transition of the 
PU phase showing no significant reduction in conversion despite the presence of CNT. This was due to 
the good dispersion quality in the CNT-filled coatings leading to a low percolation threshold which in 
turn improved the translucency. Even at low CNT loadings were the produced coatings suitable as 
electrostatic discharge (ESD) coatings showing conductivity in the range of 0.1 S/m.  
 
 
 
References 
1 Copolymer Nanocomposites; WO/2012152905 A1 
2 N. Grossiord, H. Miltner, J. Loos, J. Meuldijk, B. Van Mele, C.E. Koning; Chem. Mater.; 2007; 19; 3787-3892
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Abstract 
 

Sulfonated poly(arylene ether ketone) (SPAEK) fuel cell membranes were prepared in a cross-linked 
structure to enhance their dimensional and mechanical stability. Sulfonated mesoporous benzene-silica 
(SMBS) hygroscopic conductors were embedded in the membranes to lessen their dehydration in the low 
humid environment. Synthesis of the cross-linked SPAEK (CSPAEK) and its precursor was confirmed 
using 1H-NMR spectroscopy and FT-IR spectroscopy. The effects of sulfonation degree (SD) and 
hygroscopic conductors on the membranes properties such as proton conductivity, methanol crossover, 
and thermal and mechanical stability were analyzed. The prepared CSPAEK membranes were thermally 
stable up to 250oC without any chemical degradation. While the CSPAEK membranes containing 
hygroscopic proton conductors exhibited superior conductivity to that of Nafion®117, those with a cross-
linking percent of less than 20% showed lower methanol permeability. Although the water uptake of the 
composite membranes was higher than that of the pristine membranes, no mechanical failure was 
observed.  

Acknowledgment 
This work was sponsored by the National Research Foundation of Korea Grant, funded by the Korean 
Government (MEST) (NRF-2009-0093033, NRF-2010-0027955, and NRF-2012R1A2A1A05026313). 
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[2] Zhou S, Kim D, Cross-linked aryl-sulfonated poly(arylene ether ketone) proton exchange membranes for fuel 
cell. Electrochim. Acta 2012; 63: 238–244. 

[3] Zhou S, Kim J, Kim D, Cross-linked poly(ether ether ketone) membranes with pendant sulfonic acid groups for 
fuel cell applications. J Membr SCi 2010; 348: 319–325. 
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Abstract 
 

Polymerized ionic liquids (poly-ILs) are a special class of ionic conductors formed by the mobile 
cations or anions and the repeating counterionic species covalently bonded to the polymer 
backbone. Due to the combination of the unique properties of ionic liquids with macromolecular 
architecture of polymers, poly-ILs have become the attractive candidates for potential 
applications in energy storage and electrochemical devices. However, to design any process 
involving polymerized ionic conductors on an industrial scale, it is necessary to know some 
physical properties, such as molecular mobility and electric conductivity. In this talk, we show 
that the broadband dielectric spectroscopy (BDS) is a very powerful experimental tool for 
understanding the molecular-level dynamics in ion-containing liquids and polymers as well as 
recognizing the type of charge transport mechanism in these systems. [1] Herein, we investigate 
the molecular dynamics and ions transport properties of newly designed material, polymerized 
imidazolium-based protic ionic liquid [HSO3-BVIm][OTf]. The monomer is also examined as a 
reference. The results of dielectric measurements, analyzed in modulus M*(f) and conductivity 
σ*(f) formalisms, combined with differential scanning calorimetry experiments, have revealed a 
fundamental difference between the conducting properties of examined polymer membrane and 
its low-molecular weight counterpart. Our findings have indicated a strong decoupling between 
electric conductivity and segmental dynamics when the ionic transport is controlled by fast 
proton hopping through the dense hydrogen-bond network. Finally, we also provided a deep 
understanding on the effect of water on the value of the glass transition temperature, decoupling 
phenomenon and conductivity mechanism of examined polymer membrane. Based on our 
experimental results one can assume that using poly-[HSO3-BVIm][OTf] as a polyelectrolyte 
one can avoid the serious problem of water management observed for commercial membranes 
for low temperature fuel cell applications.     
 
 
References: 
1. Wojnarowska, Z.; Wang, Y.; Pionteck, J.; Grzybowska, K.; Sokolov, A.P.; Paluch, 
M., Phys. Rev. Lett. 2013, 111, 225703 
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Abstract 
 

Polymerized ionic liquids (PolyILs) have received considerable attention in recent years due to 
their potential as electrolytes in batteries and fuel cells. From the application’s point of view in 
electrochemical devices, an unique feature of  PolyILs is a specific combination of mechanical 
stiffness of a polymer and high ionic conductivity of ionic liquid. However, there is still a lack of 
satisfactory understanding of ion conduction mechanism in these materials [1]. In this talk we 
present a systematic analysis of the broadband dielectric measurements of  poly 1-vinyl-3-butyl 
imidazolium 2bis(trifluoromethylsulfonyl)imide over a wide pressure range with the aim of 
understanding the ion conduction process. The pressure dependence of ion conductivity is 
analysed in terms of the activation volume reflecting volume requirements for local ion 
diffusion.  
 
References: 
1. Z. Wojnarowska, M. Paluch,  J. Phys.: Condens. Matter  27, 073202 (2015) 
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Abstract 
 
Conductive polymers such as poly(3,4-ethylenedioxythiophene) (PEDOT) meet a wide range of 
applications as transparent electrodes, hole injecting layers or thermoelectric materials for low 
temperature applications1. Here we present the synthesis of highly conductive PEDOT using 
iron(III)trifluoromethanesulfonate as oxidant. Low temperature electrical conductivity measurements 
showed that the polymer exhibits a true metallic behaviour which is even strengthened by an acid doping 
step leading to conductivities up to 2273 S cm-1 at an unprecedented 45.5 % oxidation state. X-ray 
photoemission spectroscopy (XPS) and time of flight - secondary ion mass spectrometry (ToF-SIMS) 
analyses demonstrate a full exchange of the trifluoromethanesulfonate anions by hydrogen sulfate 

counterions after doping with sulfuric acid. The 80 % increase of the electrical conductivity obtained with 
this treatment is explained by the enhancement of both the charge carrier concentration and the mean size 
of the crystalline domains.2 The use of these new high performance metallic polymers in printed 
electronics would significantly extend the range of possible applications.  
 

 
Figure 1: Electronic transport in new PEDOT-based materials 

 
 
 

References 
1 Nicolas Massonnet, Alexandre Carella, Olivier Jaudouin, Patrice Rannou, Gautier Laval, Caroline Celle and Jean-
Pierre Simonato. Improvement of the Seebeck coefficient of PEDOT:PSS by chemical reduction combined with a 
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Abstract 
 

The research on alternative eco-friendly energy resources constitutes one of the challenges in the 21 
century. Due to their possible applications in the conversion of the solar energy into electrical and/or 
chemical forms, the semiconductor materials have found very interest from both academic and industrial 
points of view. It was admitted that is estimated that very little part of the solar energy is efficiently used. 
Because of its abundance, there are several technologies developed to use this natural energy in order to 
diminish the dependence of the fossil fuels, mainly considered as responsible of the greenhouse gases. It 
is reported that the organic semiconductor materials can be used in photocatalytic processes in order to 
generate the hydrogen using a renewable energy source such as solar energy [1].  
 
 
Among them, the polymer materials are successfully applied in water splitting process. Our aim in this 
contribution is focused on the photo electrochemical properties and photocatalytic hydrogen production. 
The photoactivity is improved on hetero-systems PANI/TiO2 which inhibit considerably the lost of 
electron/hole (e-/h+) pairs and shifts the spectral photoresponse of TiO2 toward longer wavelengths. We 
have focused our efforts particularly on the pH effect allowing the best hydrogen production efficiency. 
As an example, Figure 1 shows the evolution of hydrogen as a function pH. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Hydrogen evolution using hetero system PPy/TiO2 versus pH. 
 
References 
1. Ch. Belabed, N. Hain, Z. Benabdelghani, B. Bellal, M. Trari, Int J Hydrogen Energy. 2014, 39. 175 
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Abstract 

 
Control over the molecular weight (MW) of π-conjugated polymers is crucial for the fabrication of 

highly performing photovoltaic devices and field-effect transistors (FETs). Recently, we discovered an 
unusual chain-growth catalyst transfer polycondensation method for preparation of highly performing n-
type polymer P(NDI2OD-T2) and other donor-acceptor polymers, MW of which can be controlled.[1] In 
this contribution we will report new chemistry aspects of this polymerization. Afterwards, we will report 
fabrication of highly performing ultra-thin P(NDI2OD-T2) FETs.[2] We will particularly show that 
relatively thin FETs with the thickness of ~ 15 nm exhibit electron mobility of  ~ 0.45 cm²/Vs. Further 
reduction of the active film thickness lads to somewhat decreased mobility values, however, even 5-2 nm 
thick P(NDI2OD-T2) FETs still exhibit substantial mobilities of 0.02-0.01 cm2/Vs. Interestingly, the 
lowest MW sample (23 kg/mol) exhibited higher mobility than the highest MW one (250 kg/mol) 
measured for thicker devices (50-15 nm). This is a rather unusual behavior since typically charge carrier 
mobility increases with the MW. We attribute this result to the high crystallinity of the lowest MW 
sample, as confirmed by DSC and XRD studies (Scheme 1). 

 
  

 
 
 
 
 
 
 
 

Scheme 1. 
 
 

[1]  Senkovskyy, V.; Tkachov, R.; Komber, H.; Sommer, M.; Heuken, M.; Voit, B.; Huck, W. T. S.; Kataev, V.; 
Petr, A.; Kiriy, A. J. Am. Chem. Soc. 2011, 131, 19966.  
[2]  (a) Tkachov, R.; Karpov, Y.; Senkovskyy, V.; Raguzin, I.; Zessin, J.; Lederer, A.; Stamm, M.; Voit, B.; 
Beryozkina, T.; Bakulev, V.; Zhao, W.; Facchetti, A.; Kiriy, A. Macromolecules 2014, 47, 3845. (b) Schmidt, G. C.; 
Höft, D.; Haase, K.; Hübler, A. C.; Karpov, E.; Tkachov, R.; Stamm, M.; Kiriy, A.; Haidu, F.; Zahn, D.; Yane, H.; 
Facchetti, A. J. Mater. Chem. C 2014, 2, 5149. 
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Abstract 

 
Growing interest has been recently focused on finding materials with ambipolar charge-transporting 
characters for the application in organic light emiting diodes (OLEDs) and in some other optoelectronic 
or electronic devices1. Ambipolar polymers and molecular materials recently synthesized and studied in 
the author’s laboratories are reviewed. 
Carbazolyl-containing polyethers, exhibiting high triplet energies were found to be effective host 
materials for the emitting layer of phosphorescent OLEDs2,3. There is an indirect evidence that these 
materials when protected from air are capable of transporting both positive and negative chargesErrore. Il 

segnalibro non è definito.. Carbazolyl-containing glass-forming stable free radicals have appeared to be effective 
ambipolar organic semiconductors, with electron mobilities approaching 10-2 cm2/Vs and hole mobilities 
reaching 10-3 cm2/Vs at high electric fields in air4. Carbazole trimers with different linking topology 
represent another group of glass-forming ambipolar molecular materials5. 2,7-Di(9-carbazolyl)-9-(2-
ethylhexyl)carbazole was found to show very high electron mobility (µe = 2×10-3 cm2V-1s-1 at an electric 
field of 1.8×105 V/cm) and reasonably high hole mobility (µh = 8×10-4 cm2V-1s-1). Since 3,6-di(9-
carbazolyl)carbazoles exhibit high triplet energy and ambipolar charge transport, they were successfully 
used for the development of single layer electrophosphorescent devices with external quantum 
efficiencies of 8-9% for blue and 13-14% for green and 10% for white devices. They also showed good 
performance in the single-layer fluorescent OLEDs6 and as electron-injecting materials in OLEDs based 
on the triple-singlet energy transfer7 [5]. Ambipolar charge transport was also observed in carbazolyl 
substituted perylene bisimides under ambient conditions8. Depending on the linking topolygy of 
carbazolyl groups either hole transport or electron transport is more efficient. Time-of-flight mobilities in 
these materials reach 10-3 cm2V-1s-1 at high electric fields for both holes and electrons. Molecular glasses 
of the recently synthesized conjugated derivatives of triphenylamine and 1,8-naphthalimide were also 
found to be capable of transporting both holes and electrons in air9,10. 

 
1 Duan L.A, Qiao J.A., Sun Y.D., Qiu Y., Adv. Mater., 2011, 23, 1137-1144.  
2 Jou J.H., Wang W.B., Shen S.M., Kumar S., Lai I.M., Shyue J.J., Lengvinaite S., Zostautiene R., Grazulevicius, 
J.V., Grigalevicius S. J. Mater. Chem. 2011, 21, 9546-9552.  
3 Stanislovaityte E., Simokaitiene J., Raisys S., Al-Attar H., Grazulevicius JV., Monkman AP., Jankus V. J. Mater. 
Chem. C., 2013, 48, 8209-8221.  
4 Castellanos S., Gaidelis V., Jankauskas V., Grazulevicius J.V., Brillas E., Lopez-Calahorra F., Julia L., Velasco, D. 
Chem. Commun., 2010, 46, 5130-5132..  
5 Tomkeviciene A., Grazulevicius J. V., Kazlauskas K., Gruodis A., Jursenas S., Ke T.-H., Wu C.-C. J. Phys. Chem. 
C. 2011, 115, 4887-4897.  
6 Cherpak V.V., Stakhira P.Y., Volynyuk D.Yu., Simokaitiene J., Tomkeviciene A., Grazulevicius J.V., Bucinskas 
A., Yashchuk V.M, Kukhta A.V., Kukhta I.N, Kosach V.V., Hotra Z.Yu. Synth. Met. 2011, 161, 1343-1346.  
7 Volyniuk D., Cherpak V., Stakhira P., Minaev B., Baryshnikov G., Chapran M., Tomkeviciene A., Keruckas J., 
Grazulevicius J.V. J. Phys. Chem. C. 2013, 117, 22538-22544.  
8 Reghu R. R., Bisoyi H. K.,  Grazulevicius J. V., Anjukandi, P., Gaidelis V., Jankauskas V. J. Mater. Chem. 2011, 
21, 7811-7819.  
9 Gudeika D., Grazulevicius J.V., Sini G., Bucinskas A., Jankauskas V., Miasojedovas, A., Jursenas S. Dyes. Pigm. 
2014, 106, 58-70.  
10 Gudeika D., Grazulevicius J.V., Volyniuk D., Butkute R., Juska G., Miasojedovas A., Gruodis A., Jursenas S. 
Dyes Pigm., 2015, 114, 239-252. 
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ELECTRICAL AND CONDUCTIVITY PROPERTIES OF PVA/ODA-MMT AND 
PVP/ODA-MMT PREINTERCALATED NANOCOMPOSITES AS HIGH-OHMIC  

POLYMER SOLID POLYELECTROLYTES. 
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CONDUCTIVE POLYMER COMPOSITES REINFORCED BY METALLIC 

NANOWIRES  
 

ANTOINE LONJON1, LYDIA LAFFONT2, ERIC DANTRAS1, COLETTE LACABANNE1 

 
1 Physique des Polymères – Institut Carnot CIRIMAT Université Paul Sabatier, Toulouse, France – 

Email :antoine.lonjon@univ-tlse3.fr 
2MEMO, Institut Carnot CIRIMAT, ENSIACET, Toulouse, France 

 

Abstract 
 

The conductive polymer composites reinforced with a low content of high aspect ratio conductive fillers 
can significantly improve the electrical properties of the pure polymer matrix and maintain its mechanical 
properties. Percolation phenomenon is dependent on the apparent aspect ratio of the filler. Very low 
percolation threshold were obtained with introduction of carbon nanotubes (CNTs). Above the 
percolation threshold (pc < 5 vol %), the literature shows that the conductivity value of CNTs composites 
levels off at an upper limit[1] of about 10-1 S.m-1. Metallic nanowires (NW) have attracted much attention 
because of their higher intrinsic electrical conductivity[2].  
 
In this work, metallic nanowires were synthesized by electrochemical and polyol ways giving an uniform 
high aspect ratio (ξ ~ 200). The polyol process suggests an easy way to produce several grams of silver 
nanowires. Nanowires polymer composites were elaborated by addition of NW in semi-crystalline 
matrices [2, 3].The conductivity of melt-pressed composite films has been studied as a function of NWs 
volume fraction. It shows a very low percolation threshold near 1 vol%. At the percolation threshold pc, 
the volume electrical conductivity of nanocomposites increases from 10-12 S.m-1 to 102 S.m-1. The surface 
resistivity above the percolation threshold reaches a low value near 1 Ω/o. The influence of metallic 
nanowires on composites mechanical properties was studied and compared with spherical nanoparticles. 
Composites reach an electrical conductivity 103 times higher than the one of CNTs nanocomposites. 
Below 5 vol%, nanocomposites remain ductile and flexible[4].  
 
Despite moderate aspect ratio regarding CNTs, metallic nanowires represent a very promising route to 
improve the electrical conductivity in polymer matrix composites.  
 
 
 
 
 
 
 
 
1. Bauhofer W., Kovacs J.Z., A review and analysis of electrical percolation in carbon nanotube polymer 

composites. Composites Science and Technology, 2009. 69(10): p. 1486-1498. 
2. Lonjon A., Laffont L., Demont P., Dantras., Lacabanne C., Structural and electrical properties of gold 

nanowires/P(VDF-TrFE) nanocomposites. Journal of Physics D: Applied Physics, 2010. 43: p. 345401. 
3. Lonjon A., Caffrey I., Carponcin D., Dantras E., Lacabanne C., High electrically conductive composites of 

Polyamide 11 filled with silver nanowires: Nanocomposites processing, mechanical and electrical analysis. 
Journal of Non-Crystalline Solids, 2013. 375(15): p. 199-204. 

4. Lonjon A., Demont P., Dantras E., Lacabanne C., Mechanical improvement of P(VDF-TrFE) /nickel nanowires 
conductive nanocomposites: Influence of particles aspect ratio. Journal of Non-Crystalline Solids, 2011. 
358(2): p. 236-240. 
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CHIRAL CONDUCTIVE POLYMERS AS SPIN FILTERS 
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2Department of Chemical Physics, Weizmann Institute of Science, 234 Hertzl Street, 76100 Rehovot 
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10, 41123 Modena (Italy) 
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Abstract 
The introduction of conducting polymers to organic electronics has revolutionized the technology and 
conducting polymers are now part of the OLED based appliances. Recently spin-LED/OLED have been 
suggested for improving the efficiency of LEDs and OLEDs and a spin-OLED was indeed 
demonstrated1,2. In this device, electrons injected into and from the light-emitting species have their spin 
predetermined: therefore, the formation of the non-emitting triplet state is avoided. The control of the spin 
in these devices tipically requires a magnetic element that defines the spin orientation, but the integration 
of this component with OLED technology is challenging because of material constraints and effects at the 
interfaces that can affect charge and spin injection. Here we show that by using chiral conductive 
polymers3 (CCPs) it is possible to inject spins with very high spin selectivity. The spin selectivity 
observed results from the chiral-induced spin selectivity (CISS) effect reported recently4. This finding 
introduces the possibility of producing spin-OLEDs without any magnetic component and without 
introducing additional production restrictions. 
We investigated spin-selective electron transport through poly{[methyl N -(tert-butoxycarbonyl)-S-3-
thienyl- L -cysteinate]-cothiophene} (PCT-L)5. Measurements were performed in two configurations: in 
an electrochemical cell at room temperature (Fig.A) or in a solid state device at various temperatures 
(Fig.B)6. 
 
 

 
 

 
 
 
 
 

 
Fig.A: CV plots for a PCT-L coated Ni working electrode with ferrocene as the redox couple. Black and red curves correspond to a plot taken 
when the Ni is magnetized down or up, respectively. Fig.B: Magnetoresistance curves obtained with a solid-state device composed of PCT-L 
using an external magnetic field up to 0.5T at different temperatures. 
 
 
1 V. Dediu et al., Solid State Communications, 122, 3–4, 181–184, 2002. 
2 G. Salis et al., Phys. Rev. B, 70, 8, 085203, 2004. 
3 L. A. P. Kane-Maguire et al., Chem. Soc. Rev., 39, 7, 2545–2576, 2010. 
4 R. Naaman et al., The Journal of Physical Chemistry Letters, 3, 16, 2178–2187, 2012. 
5 R. Cagnoli et al., Polymer, 46, 11, 3588–3596, 2005. 
6 P. C. Mondal et al., Adv. Mater., 27, 1924-1927, 2015.
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THERMAL BEHAVIOR AND ELECTRICAL PROPERTIES OF POLYMER BLENDS 
AND INTERPOLYMER COMPLEXES BASED ON POLY(STYRENE-CO-

METHACRYLIC ACID) AND POLY(N-N-DIMETHYLACRYLAMIDE-CO-4-
VINYLPYRIDINE). 

SAID DJADOUN1, ABDELGHANI LASSOUED1 

University of Sciences and Technology Houari Boumediene, BP 32 El Alia, Bab Ezzouar, 
Algiers, Algeria, 16111. – Email: matpolylab@yahoo.fr 

 
Abstract 

 

Novel materials of optimized properties as nano-structured blends or interpolymer complexes with 
specific morphologies may be prepared by simply mixing pairs of a proton-acceptor and proton-donor 
polymers in a common solvent and by monitoring the nature and density of interactions that occurred 
between the constituents of the mixtures. 

Varying the densities of interacting species within poly (N,N-dimethylacrylamide-co-4-vinylpyridine) 
(PDMA4VP) containing two proton accepting sites of different strength and poly(styrene-co-methacrylic 
acid) (PSMA), new materials as miscible blends or inter-polymer complexes were elaborated and 
characterized with the aim to use them as proton conducting membranes. 

FTIR spectroscopy analysis confirmed that competing specific interactions of different nature and 
strength carboxyl-pyridine, carboxyl-amide and carboxyl-carboxyl occurred within these systems.  

The thermal properties of the synthesized copolymers and their various blends or interpolymer 
complexes were investigated by differential scanning calorimetry (DSC) and thermogravimetry (TGA). 

Although a single glass transition temperature (Tg), higher than those calculated from the weight 
average values of the pure polymers was depicted with all compositions of these systems, different Tg-
composition behaviours were observed with interpolymer complexes compared to miscible blends.   

Denser and stronger specific interactions occurred within the interpolymer complexes that led to stiffer 
materials, of Tg higher than those of the individual constituents, varying slightly with the initial 
composition compared to those obtained miscible blends. 

In agreement with FTIR spectroscopy results, the Tg-composition curves of these systems were 
analyzed using equations in the literature and confirmed that the presence of 4-vinylpyridine (4VP) units 
in PDMA4VP copolymers increased the average strength of intermolecular interactions in the 
PDMA4VP/PSMA systems. 

A thermogravimetric analysis showed that the thermal behaviour observed with the interpolymer 
complexes was different from those of the blends and the individual constituents. 

Results of a preliminary investigation on electrical properties of the synthesized copolymers and some 
of their blends and inter-polymer complexes were determined and will be presented. 
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DISPERSION VERSUS DISTRIBUTION: CRITICAL BALANCE TO ACHIEVE 
CONDUCTING COMPOSITES 

LAURA ARBOLEDA-CLEMENTE1, MARÌA J. ABAD1, ANA ARES1, AURORA LASAGABASTER1 
1Group of Polymers, University of A Coruña, CIT, Campus de Esteiro,  

15403 Ferrol (Spain) – Email: l.arboledac@udc.es 

 

Abstract 

The aim of this work is to investigate the influence of polyamide ratio and nanotubes source on dielectric 
and morphological behaviour of PA66/PA6/MWCNT composites.  

Two polyamides, PA66, PA6 and CNT (NC7000, Nanocyl) pre-dispersed at 15 wt.% in PA66 and PA6 
were used. The content of CNT was fixed at 3 wt.% in all nanocomposites. 

From the Light Microscopy images, the agglomerate area ratio along with the average value of 
agglomerate size were calculated and matched with the conductivity values (see Table 1). 

The highest conductivity values correspond to nanocomposites with high ratio 0/ AA  and relatively big 
agglomerates (the worst state of dispersion). It seems as if the conductivity was more related to the 
agglomerate distribution than the CNT dispersion within the matrix. 

PA66/PA6/CNT A/A0 Agglomerate A (µm2) 

 

σ *(S/cm) 

25/75(MB)/3 14.9% ± 2.0% 1593 ± 595 1.4.10-6 

50/50(MB)/3 38.5% ± 3.2% 2117 ± 690 8.5.10-5 

75/25(MB)/3 14.4% ± 1.2% 1266 ± 246 6.0.10-7 

25(MB)/75/3 2.5% ± 0.9% 438 ± 158 1.1.10-10 

. 
50(MB)/50/3 34.4% ± 0.9% 2488 ± 869 7.7.10-6 

75(MB)/25/3 3.5% ± 0.7%  591 ± 318 1.4.10-8 

Table 1: Agglomerate area ratio A/A0, agglomerate A  and conductivity values (*at 1.000 Hz). MB indicates the 
matrix where nanotubes are pre-dispersed. 

The worst dispersion of CNTs was measured in 50/50 
PA66/PA6 composites (Figure 1), although their 
agglomerates are better distributed in the matrix than in the 
other two ratios of polyamides. This fact favours a greater 
number of CNT-CNT interactions, encourages electrical 
network formation and, as a result, higher conductivity 
values are achieved1. 

For the other polyamide ratios, the better distribution and 
electrical properties, have been achieved when MWCNT are 
predispersed in PA6, with lower viscosity2. 
 

Figure 1: TEM image of 50(MB)/50/3 composite 

Acknowledgements. Authors acknowledge the financial support to Xunta de Galicia-FEDER (Program 
of Consolidation and structuring competitive research units (GRC2014/036). 

                                                        
1 Lin B, Sundararaj U, Pötschke P, Macromolecular Materials and Engineering 2006, 291, 227. 
2 Socher R, Krause B, Müller MT, Boldt R, Pötschke P, Polymer2012, 53, 495. 
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RHEOLOGICAL MONITORING OF POLYAMIDE66/POLYAMIDE 6/MULTI-

WALLED CARBON NANOTUBES COMPOSITES 
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Abstract 

Polyamide 66 (PA66) and polyamide 6 (PA6) are widely used in electronic appliances, vehicles and 
sophisticated machinery, owing to its good mechanical strength and chemical resistance. Fitting the 
PA66/PA6 ratio, the desired mechanical properties can be obtained. Besides, if conducting nanofiller, as 
multiwalled carbon nanotubes (MWCNTs), is added, the nanocomposites obtained could show interesting 
physical properties.  

In this work, polymer nanocomposites were obtained melt-mixing 3 wt.% MWCNT in polyamide 
66/polyamide 6 (PA66/PA6) blends with different polyamide ratios. The nanotubes were initially pre-
dispersed in two different masterbatches (with PA66 or PA6 matrix, respectively). The main objective of 
this study is to analyze the influence of polyamide ratio and nanotube source on the rheological behavior 
of these composites. Previously, different electrical behaviors were observed because electrical 
percolation takes place before when the nanotubes are included in a PA6 matrix. In this study, the 
rheological behavior of composites will be related with their electrical properties1. 
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Figure. The effect of the ratio PA66/6 on the G’ for composites 

All composites, independent of polyamide ratio, are rheologically percolated but differences in electrical 
and rheological percolation states could be highlighted.  

The differences are related with unlike requirements for rheological and electrical percolation threshold2 
(CNT-polymer network in one case, CNT-CNT networks, in the other one). The data display that matrix 
viscosity, miscibility between polyamides, and the use of a different masterbatch, are key aspects which 
determine the formation of CNT-polymer and CNT-CNT networks. The prevalence of one or another one 
originates the differences observed in rheological and electrical properties3. 

Acknowledgements. Authors acknowledge the financial support to Xunta de Galicia-FEDER (Program 
of Consolidation and structuring competitive research units (GRC2014/036) 

 
1 Paleo AJ, Sencadas V, Hattum FWJ Van, Lanceros-Méndez S, Ares A, Polymer Engineering and Science 2014, 
54, 117 
2 Lin B, Sundararaj U, Pötschke P, Macromolecular Materials and Engineering 2006, 291, 227 
3 Tomova D, Kressler J, Radush H, Polymer 2000, 41, 7773 
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A NEW POLYTHIOPHENE WITH LC SIDE CHAINS FOR BHJ SOLAR CELLS 
FRANCESCO P. DI NICOLA1, MASSIMILIANO LANZI1, ELISABETTA SALATELLI1 
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I-40136 Bologna (Italy) – Email: francesco.dinicola2@unibo.it 

 

Abstract 

In the last years, the semiconducting polymers have reached an increasing importance for the production 
of organic-based photovoltaic solar cells (OPV)s. In fact, these materials are easy to process and quite 
inexpensive. However, the control of the nanoscale morphology or microstructure of the active layer in 
hybrid solar cells is critical to ensure high device performance. We report on the synthesis of a new 
thiophenic monomer, functionalized in the side chains with a molecule showing a liquid crystal (LC) 
behavior, i.e. the 3-[6-(4-oxy-4'-cyanobiphenyl)hexyl]thiophene (T6CB). It has been obtained using a 
SN2 reaction on the thiophenic intermediate 3-(6-bromohexyl)thiophene (Figure 1), with good yield 
(90%).  

 
Figure 1. Synthesis of monomer T6CB 

Since the homopolymer of T6CB was insoluble in common organic solvents, the monomer has been 
copolymerized with 3-hexylthiophene to give a soluble and filmable copolyer which has been exploited 
for the assembling of a bulk heterojunction polymeric solar cell.  

 
Figure 2. Synthesis of the LC copolymer. 

The spontaneous orientation of cyano-biphenyl moieties should lead to a well-ordered morphology when 
subjected to a process of thermal annealing, thus favoring the alignment of the macromolecular chains1. In 
fact, COP has shown a LC behavior, as confirmed by the images obtained with the optical microscope in 
polarized light. 

Lastly, after a suitable annealing procedure, the power conversion efficiency of COP reached the 3.56%, 
evidencing a significant increase with respect to the un-annealed counterpart (2.95%). 

 

References 
1 W. Chen, Y. Chen, F. Li, L. Chen, K. Yuan, K. Yao, P. Wang, Sol. Energy Mater. Sol. Cells, 96 (2012) 266-275. 
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SYNTHESIS OF POLY(3,4-ETHYLENEDIOXYTHIOPHENE)/TiO2 
PHOTOCATALYTIC POLYMER NANOCOMPOSITES 

KATARINA NOVAKOVIĆ, ANDREJA OSONIČKI, ZVONIMIR KATANČIĆ, VANJA GILJA, JADRANKA TRAVAŠ-
SEJDIĆ, ZLATA HRNJAK-MURGIĆ 
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(Croatia) – Email: vgilja@fkit.hr 

Abstract 
Environmental problems associated with water pollution have persistently been an important issue over 
recent decades, correlated negatively with the health and ecosystem. Photocatalysis is established as an 
effective and sustainable water treatment technology offering a perspective for the degradation of many 
organic water pollutants, converting them to biodegradable compounds or completely mineralizing them 
into carbon dioxide and water. Titanium dioxide, TiO2, is one of the most important photocatalyst, which 
is widely used due to its chemical stability and high photocatalytic activity. It is also inexpensive and 
harmless to the human population and the environment. However, relatively high recombination rate of 
electron-hole pair in excited TiO2 restricts its photocatalytic activity thus hindering its practical 
application in the water treatment processes. Conducting polymers with extended π-conjugated electron 
system and satisfactory environmental stability can act as stable photo-sensitizer to sensitize TiO2. As 
typical n-type semiconductors, conducting polymers can absorb a broad spectrum of ultraviolet and 
visible light (190–800 nm) irradiation1. Because of that the main goal of this work was to exploit the 
sensitizing capacities of conducting polymers to produce TiO2-based photocatalyst with enhanced 
photocatalytic properties. For this purpose nanocomposite of poly(3,4-ethylenedioxythiophene) (PEDOT) 
and TiO2 was synthesized by oxidative chemical polymerization with two different oxidants, FeCl3 and 
ammonium persulfate (APS). Polymerization was carried out in batch reactor at room temperature for 24 
h in nitrogen atmosphere with HCl as the dopant. To determine effect of oxidant on structure of 
synthesized PEDOT/TiO2 nanocomposite infrared spectroscopy (FT-IR), X-ray diffraction (XRD) and 
scanning electron microscopy (SEM) were used. To determine polymerization degree TG analysis was 
used. FT-IR results showed typical vibrations for PEDOT and Ti-O, and thus confirmed successful 
synthesis of polymer photocatalyst nanocomposites. A significant influence of oxidant agent on the 
morphology had been confirmed by XRD and SEM. Samples synthesized with FeCl3 showed highly 
crystalline morphology while samples prepared with APS had more sphere-like amorphous morphology. 
The results demonstrate that the redox potential of used oxidizing agents has a key role in tailoring the 
properties of PEDOT nanocomposites.  
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Figure 1. SEM pictures and XRD results of PEDOT synthesized with a) FeCl3 and b) APS oxidant 
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1 S. Ameen et al., Appl.Catal. B, 2011;103:136-142 

a)  b)  



EUPOC2015 – CONDUCTING POLYMERIC MATERIALS 
GARGNANO (I), 24-28 MAY , 2015 

 

 54 

P13 
 

CO-LOCALIZED AFM-RAMAN SETUP: A POWERFUL TOOL TO STUDY 
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We present here a co-localized AFM-Raman setup, developed to be a key element in our strategy to 
design hybrid membranes for proton exchange membrane fuel cell (PEMFC) . Indeed, co-localization of 
these two instruments makes it possible to get topographic, mechanical, thermo-mechanical and chemical 
mappings for the same spot of the membrane with a nano to micro-resolution. 

During the co-localized characterization the sample is successively analyzed by the AFM and the 
confocal Raman microspectrometer. The AFM is able to give quantitative mechanical properties of the 
sample at the nanoscale, based on the acquisition of thousands of force-distance curves per image. Each 
pixel contains a force curve that can be analyzed in order to provide mechanical properties such as 
Modulus, Adhesion, Deformation and Dissipation, simultaneously acquired with the topographic 
information of the sample at high resolution. Special care must be taken with calibration issues in order to 
access real and comparable quantitative mechanical properties, as well as analysis conditions like 
indentation depth, applied force, and tip shape and size. Confocal Raman microspectroscopy is a 
straightforward complementary technique to access chemical and structural information at a micro-scale, 
which can be correlated to differences in mechanical properties measured by AFM. 

We will give illustrations of the interest of these co-localized data for a better understanding of the 
structure-properties relationship and stabilization mechanism of hybrid membranes designed with an 
active nanonetwork in our lab (see “A new chemical stabilizing strategy for better performances and 
durability of PEMFC” talk).  

Finally we will also stress out the importance of the sample preparation for such analysis. We used cryo-
ultramicrotomy to open cross-sections of the membranes for both AFM and Raman analysis. Using a 
diamond knife we operated at -100ºC to produce very flat surfaces with minimum damage to the structure 
to be studied. In addition, cryo-cutting provides thin slices of the membrane suitable for complementary 
structure analysis with TEM or STEM, or even 3DTEM. 
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ELECTRO CONDUCTIVE COMPOSITES WITH SEGREGATED STRUCTURE: 
 POLYMER/REDUCED GRAPHENE OXIDE  
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119991 Moscow (Russia) - Email: gudkovmv@gmail.com 
 

One of the most promising approaches to the development of electro conductive composites is the 
formation of segregated structure with conductive filler placed on the surface of polymer powder. Such 
filler creates a conductive network at ultra-low content of electro conductive material. Traditionally 
conductive polymer composites are obtained by uniform distribution of filler in polymer matrix. The 
conductivity of these materials is achieved when the quantity of the filler is higher than the percolation 
threshold.  

In this study conductive polymer composites with segregated structure were made from different 
polymer matrixes and reduced graphene oxide (rGO). Graphene oxide (GO) was synthesized from 
graphite powder using Hummer’s method1 with varied quantity of KMnO4 (2 or 3 g KMnO4 per 1 g of 
graphite) followed by immersion in H2O for several days. Then GO was fractionated by centrifugation to 
three fractions: heavy, middle (M) and floaty (F). Study of gaseous products of thermal reduction of GO 
showed that heavy fraction of graphene oxide was weakly oxidized. For this reason composites were 
prepared only using floaty and middle fractions. Fluoropolymer F-42, polytetrafluoroethylene and ultra-
high-molecular-weight polyethylene were used as composite matrix. Composites were synthesized by 
thermal treatment at 200°C and chemical treatment at small amount of hydrazine vapor at room 
temperature. Hydrazine reduction (HR) for the preparing of rGO/polymer composites with segregated 
structure allows getting higher electro conductivity than thermal reduction. The conductivity of samples 
prepared by HR is more than 10-folds higher than that of samples prepared by thermal reduction. The 
conductivity of composites with segregated structure reaches 1.43 S*cm-1 at filler concentration 0.25-0.5 
% (Fig. 1). The conductivity of composites obtained by hydrazine reduction at 95 °C was 1.7-1.8 times 
higher as compared with HR at room temperature. Mechanical properties were also investigated. 

Reduction of graphene oxide by small amount of hydrazine vapor at room or 95 °C temperatures 
allows using polymers which have a processing temperature less than 160 °C for this application. 

 

Figure 1. Electrical conductivity of F-42/rGO composite samples. TRGO - thermally reduced graphite oxide, 
HRGO - graphene oxide reduced by hydrazine. 0.5M2 composition consists of 0.5% (0.5) of rGO obtained from 

middle (M) fraction of GO synthesised with 2 g (2) of KMnO4 per 1 g of the graphite. 

References 
1 Hummers W.S., Offeman R.E. Preparation of graphitic oxide. J Am Chem Soc 1958, 80(6), 1339 
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Abstract 

Conjugated polymer-based organic solar cells (OSCs) have the merits of low-cost, lightweight and 
flexibility, which enable their mass production, large-area production and roll-to-roll process. As an effort 
to obtain a better power conversion efficiency (PCE), a charge transport layer is introduced between the 
electrode and active layer to improve the efficiency of carrier transport in OSCs. There are some charge 
transport materials, such as conductive polymer poly(3,4-ethylenedioxythiophene): poly(styrenesulfonate) 
(PEDOT:PSS). In particular, PEDOT:PSS is widely used as a hole transporting layer (HTL) or 
transparent electrode in OSCs because of high conductivity and solution-processibility. However, as 
PEDOT:PSS has several drawbacks including a high acidic nature, hygroscopic property and 
inhomogeneous electrical property, so these problems are related to the ITO anode corrosion, and device 
stability1. Therefore, PEDOT:PSS should be needed to replacement of new hole transporting layer. 

To replace PEDOT:PSS, graphene oxide (GO) and 9-bis((6’-(N,N,N-trimethylammonium) hexyl)-2,7-
fluorene)-alt-(9,9-bis(2-(2-(2-methoxyethoxy) ethoxy)ethyl)-9-fluorene)) dibromide (WPF-6-oxy-F) were 
simply blended and then this blended solution (WPF-6-oxy-F-GO) was treated with electron beam to 
induce the reaction between WPF-6-oxy-F and GO. After electron beam treatment, conductivity of WFP-
6-oxy-F-GO was improved due to efficient π-π packing formed C-N bonds between two materials by 
electron beam energy. This WPF-6-oxy-F-GO composite was used as a HTL between the active layer and 
anode in OSCs. As a result, the PCE of OSCs was dramatically enhanced ~6.72% by introducing WPF-6-
oxy-F-GO with electron beam treatment as a HTL. Compared with each WPF-6-oxy-F-GO composite 
with electron beam or without, PCE was enhanced from 5.24% to 6.72%, and fill-factor (FF) and short 
circuit current density (Jsc) also improved from 55.30% to 63.30%, 9.40 mA/cm2 to 14.56 mA/cm2, 
respectively. 

 
 

 

 

 

 

Scheme 1. The structure of the materials and the fabrication process of WPF-6-oxy-F-GO 

Acknowledgments: This work was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Korea government (MSIP) (No. 2012M2A2A6013183). 

1 M. Jorgensen, K. Norrman, F. C. Krebs, Stability/degradation of polymer solar cells, Sol. Energy Mater. Sol. Cells 
92 (2008) 686-714 
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Abstract 

The great advantage of conductive polymers is that their chemical, physical and optical properties can 
be adjusted according to the demand of application. In this study the structure of conductive polymer 
polypyrrole (PPy) was studied during the chemical synthesis. It is of great importance to explore the 
appropriate structure of polypyrrole that can induce activation of TiO2 photocatalysts since the synthesis 
of organic/inorganic hybrid materials can result in a synergistic and complementary feature, increasing 
TiO2 photocatalytic efficiency. As conductive polymers are also photosensitive they can be activated by 
light absorption, which starts the transition of electrons from a conductive polymer by injection in the 
conductive band of TiO2. However, despite intensive research, the relationship between structure and 
conductivity is still not completely understood. It is assumed that the conductivity increases with a higher 
degree of crystallinity but this is not confirmed for all conducting polymers, only for some of them.  

In this paper different conditions of synthesis of pure polypyrrole and polypyrrole titanium dioxide 
(PPy-TiO2) composite were studied. Samples of polypyrrole, TiO2 and polypyrrole/TiO2 composites were 
characterized by X-ray powder diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and 
cyclic voltammetry (CV). The results show that due to the changes in the fraction of oxidant during the 
synthesis of PPy its structure was changed, and thus the conductivity. 
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Abstract 

Conducting polyaniline (PANI) has immense potential with regard to practical applications in the 
biomedicine1. As all materials being used in vivo will come into a contact with blood at some point, 
hemocompatibility is one of the major biocompatibility parameters. The contact of any material with 
blood induces multiple defensive mechanisms, such as the activation of coagulation cascade, platelet 
adhesion or the triggering of complementary systems. The hemocompatibility of a material can be 
affected by modification with synthetic polymers and/or copolymers with heparin-like activity2. For 
example, poly(2-acrylamido-2-methyl-1-propanesulfonic acid) (PAMPSA) was shown as a material 
acting against blood clotting3,4. The present study is focused on the investigation of changes in blood 
coagulation and platelet adhesion induced by the surfaces of PANI hydrochloride (PANI-Cl) and PANI 
modified by PAMPSA. The PANI-PAMPSA films were prepared using two procedures. In the first one, 
PANI base was reprotonated with PAMPSA solution (PANI-PAMPSA). In the second procedure, 
PAMPSA was added prior to the polymerization into the reaction mixture (PANI-REACT). The 
anticoagulation activity was determined via monitoring the following coagulation parameters: thrombin 
clotting time (TCT); activated partial thromboplastin time (aPTT); and prothrombin time (PT). The 
interaction with coagulation factors X, V and II was also studied. 

Table 1. Blood coagulation and platelet adhesion induced by different PANI surfaces. 
 PANI-Cl PANI-PAMPSA PANI-REACT 

Anticoagulation activity physiological coagulation inhibited physiological 
Platelet adhesion physiological significantly decreased decreased 

As can be seen in Table 1, pristine PANI-Cl influenced neither coagulation nor platelet adhesion. Also 
PANI-REACT did not have any significant effect on the coagulation. Nevertheless, the platelet adhesion 
notably decreased on both PANI surfaces modified with PAMPSA. Moreover, PANI-PAMPSA 
completely hindered coagulation. These results highlight the significant potential of this surface 
modification with respect to application in biomedicine. The combined conductivity, anticoagulation 
activity, and ability to decrease platelet adhesion observed on PANI surface coated with PAMPSA open 
up new possibilities for this polymer to be used, not only as a biomaterial but also in blood-contacting 
devices, such as catheters or blood vessel grafts. 

Acknowledgment: Financial support of the Czech Science Foundation (13-08944S) is gratefully 
acknowledged. 
 
1 R.M. Moura, A.A. Alencar de Queiroz, Artif. Organs, 35 (2011) 471-477 
2 M. Sorm, S. Nespurek, L. Mrkvickova, J. Kalal, Z. Vorlova, J. Polym. Sci. Pol. Sym., (1979) 349-356 
3 D. Paneva, O. Stoilova, N. Manolova, D. Danchev, Z. Lazarov, I. Rashkov, E-Polymers, (2003) 052 
4 R.M. Moura, A.A. Alencar de Queiroz, Artif. Organs, 35 (2011) 471-477 
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Abstract 

 
Ionic liquids (IL) are generally defined as salts that melt at or below 100 °C to afford liquids composed 
solely of cations and anions.1 While IL are widely used in organic chemistry (e. g., as a solvent), their 
applications in materials research are quite rare. The most attractive properties of IL include: a low vapour 
pressure which allows using them in vacuum technologies; a wide electrochemical window (up to 6 V); 
high specific conductivity (in the range of tens of mS·cm-1) thermal stability up to 400 °C.2 Another good 
feature of ionic liquids is the formation of nanoparticles and their stability. This makes them perspective 
for applications in catalysis as well as for fabrication of chemical sensors. 
Ionic liquid 1-ethyl-3-methylimidazolium tetrafluoroborate (EMIM BF4) with copper nanoparticles were 
prepared by sputtering of nanoparticles on the surface of the liquid. The ultra-thin nanocomposite layer 
containing Cu nanoparticles and conducting polymer polyaniline (PANI) and poly(sodium-4 
styrenesulfonate) (PSS) was prepared by Layer-by-Layer (LbL) deposition. This technique is based on 
electrostatic interaction of oppositely charged species which are repeatedly adsorbed on the surface3 and 
presents a simple and low-cost method for the formation of thin composite layers from conducting and 
non-conducting substrates. Here we performed an LbL-deposition of nanoparticles from ionic liquid. 
First, PANI was deposited to the surface of gold electrode. Then PSS layer was deposited. At the next 
step nanoparticles were deposited from ionic liquid and finally PSS was deposited again to stabilize the 
multilayer structure. Then the whole procedure of deposition of four layers was repeated several times. 
The nanocomposite formed by this way on the gold surface was studied by cyclic voltammetry (CV). The 
potential scanning from -0.2 V till +0.7 V at scan rate 100 mV/s was used. CV shows a strong signal in 
the oxidative part of graph which can be assigned to Cu oxidation. The peak decreased with increasing 
number of scans. This can indicate that the copper content on the electrode surface decreased. 
Morphology of the LbL surface was studied with scanning electron microscopy. X-ray photoelectron 
spectroscopy showed that Cu is in the metallic state.  
The results demonstrate a high potential of LbL deposition of nanoparticles from ionic liquids. The 
formed copper containing nanocomposite can be used for electrocatalytical oxidation of glucose in non-
enzymatic glucose sensors.  

 
Acknowledgement. This work was financially supported by BMFB project POLYCON (Germany), and 
by APVV-0593-11 and VEGA 2/0149/14 projects (Slovakia). 
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Abstract  

This work focuses on the development and characterization of nanostructured materials based on 
Polypyrrole and titanium dioxide (PPy/TiO2) for applications to electrochemical generators.                        
The composite materials between Polypyrrole and titanium dioxide of anatase type at different 
percentages (3 to 15% of TiO2) used as reinforcements were prepared via insitu polymerization with 
manganese dioxyde MnO2 in aqueous medium. Initially, MnO2 was chemically synthesized by oxidation 
of Mn2+ in the presence of an oxidizing agent in aqueous medium. The elaborated materials were then 
characterized by FTIR, DSC, TGA, SEM, EDX, UV-Vis, DRX, measurement of electrical conductivity 
and their capacitive performances studied by cyclic voltammetry and electrochemical impedance 
spectroscopy (EIS).                                                                                           .                                                                                                                       
The effective specific capacity is a factor that determines the electrochemical behavior of the 
supercapacitor, it is determined to virgin polypyrrole and its composites by cyclic voltammetry. The 
incorporation of TiO2 in the polypyrrole matrix has a remarkable effect on the electrical conductivity and 
the electrochemical performance capacitance supercapacitors.    

Keywords: Polypyrrole, MnO2, TiO2 anatase, FTIR, DSC, TGA, DRX, EIS, conductivity, 
supercapacitors,  
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