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Welcome to BDS 2004 
 

  
Broadband Dielectric Spectroscopy (BDS) is one of the most versatile techniques to study the 
dynamics in complex systems because of its wide spectral range, spanning more than 16 
decades. Due to progress in dielectric instrumentation, nowadays BDS has become a 
technique that is user friendly and has widespread applications in physics, chemistry, 
electronics, nanoscience, materials science, biophysics and biology.  
The 2004 meeting in Delft will bring together scientists using BDS in condensed matter 
physics, materials science, glass research, colloid and polymer science, rheology and 
biophysics. The aim is to identify and discuss generic issues related to dielectric relaxation 
phenomena for the purpose of advancing our understanding of dielectric and related 
phenomena in complex materials. Following the tradition of earlier successful DRP meetings 
and previous conferences in Jerusalem and Leipzig, we intend to make the Delft meeting a 
lively and inspiring international discussion forum.  
 
The program will consist of plenary invited (~ 30 min.) and contributed lectures (~ 20 min.), 
as well as poster sessions. An exhibition of state-of-the-art equipment and software is 
planned, as well as a special oral session "measurement forum" devoted to dielectric 
instrumentation. The posters will be on display throughout the conference.  
 
It is a great pleasure for us to welcome you in Delft. We hope that you have a nice stay here 
and a good meeting with useful discussions with old and new friends in our dielectric world. 
 
The BDS2004 Organizing Committee 
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Conference Chairman 
 
Michael Wübbenhorst (Delft University of Technology) 
  
 
International Advisory Board   
 
K. Asami (Japan), B. Hilczer (Poland) P. A. Rolla (Italy) 
G. W. Bak (Poland) A. Jonscher (UK) A. Schönhals (Germany) 
H. Bässler (Germany) F. Kremer (Germany) J. Sjöblom (Norway) 
J. Baker-Jarvis (USA) M. Kryszewski (Poland) G. Stevens (UK) 
J. Berberian (USA) J. Klafter (Israel) G. Smith (UK) 
G. Boiteux (France) J. Lewiner (France) Y. Ségui (France) 
L. Dissado (UK) J. Małecki (Poland) L. Sobczyk (Poland) 
J. Dyre (Denmark) H. Morgan (UK) J. Sworakowski (Poland) 
Y. Feldman (Israel) S. Nešpurek (Czech Rep.) J. Texter (USA) 
G. Floudas (Greece) K. Ngai (USA) J. Ulanski (Poland) 
J. C. Fothergill (UK) R. R. Nigmatullin (Russia) K. Weron (Poland) 
U. Gäfvert (Sweden) A. Niklasson (Sweden) G. Williams (UK) 
R. Gerhard-Multhaupt 
(Germany) 

R. Nozaki (Japan) A. Włochowicz (Poland) 

R. Grigera (Argentina) T. Pakula (Germany) S. Yagihara (Japan) 
S. M. Gubański (Sweden) P. Pissis (Greece)  
V. Halpern (Israel) R. Richert (USA)  
 
 
 
National Advisory Board  
 
J. van Turnhout (Delft University of Technology) 
S.J. Picken (Delft University of Technology) 
G.J.M. Koper (Delft University of Technology)  
D. Bedeaux (Leiden University, University of Trondheim)  
M.A.J. Michels (Eindhoven University of Technology, Dutch Polymer Institute)  
B.A. Boukamp (University of Twente) 
J. Balendonck (IMAG, Wageningen-UR) 
 
 
Local Organizing Committee 
 
P.J. Droppert J. van Turnhout 
V.R. Lupaşcu  T. Verheul-Mentink 
P. van Mourik                M. Wübbenhorst 
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Conference location 
  
The conference will take place in the main lecture hall of the Delft Chemical Technology 
Institute DelftChemTech, Julianalaan 136, 2628 BL Delft, which is located close to the town 
centre. Lunch will be served at the Botanical Garden, Julianalaan 67, at walking distance from 
the Conference Building.  
Delft is well known for its history as well as for its University of Technology. Van 
Leeuwenhoek, who invented the optical microscope and the famous 17th-century painter 
Vermeer both lived and worked in Delft. The old Delft Blue pottery Royal Delft is situated 
close to the Conference building. The historical and very lively centre of Delft with its 
museums, medieval churches and its quaint streets and canals are attractions to foreign and 
even local visitors.  
The Hague with its beaches and Rotterdam are nearby. If you visit The Hague Royal Cabinet 
of Paintings Mauritshuis, you can see Vermeer’s magnificient “View on Delft”. 
   
  
Social events 
 
Welcome reception (Sunday, August 22) 
  
A welcome reception for the participants and the accompanying persons is given on Sunday, 
August 22, 2004, at 6:00 pm at the conference site, DelftChemTech building, Julianalaan 136. 
There will include drinks and a light buffet meal. The reception is free of charge.  
 
Excursion and conference dinner (Tuesday, August 24) 
  
For Tuesday, August 24, a boat trip of the port of Rotterdam is planned, the worlds largest sea 
port. During this trip, the conference dinner will be served.  
 
Chamber concert (Wednesday, August 25) 
 
A chamber concert  "Dielectricians for Dielectricians" will be held on Wednesday, August 
25, in Het Muziekcentrum, Mekelweg 10 and, if you like, you can get a guided tour in the 
Botanical Garden. The organizers will be pleased to provide assistance to participants who 
wish to make individual touristic arrangements.  
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The organizers would like to thank the following organizations and 
companies for their generous financial support: 
 
 

Delft University of Technology: 
Faculty of Applied Sciences 

Department of DelftChemTech 
 

Koninklijke Nederlandse Akademie van 
Wetenschappen, KNAW, The Netherlands 

 

Foundation for Fundamental Research on 
Matter, The Netherlands 

 

Novocontrol GmbH, Germany 
 

 

DSM, The Netherlands 

 

TU Delft – Delft Centre for Materials 
 

 
 
 
 



 7 

Scientific Program – oral presentations 
 
 
 
Monday August 23 
 
 Opening session:  

Glass transition I: Dynamics of polymers and simple liquids  
Chairman: G. Williams 

09:00 – 09:05 Welcome 
09:05 – 09:15  Opening (K.C.A.M.Luyben, Dean of Faculty Applied Sciences) 
09:15 – 09:25 Conference preview (Chairman) 
09:25 – 10:00  Opening Lecture: Molecular dynamics in thin grafted and spin-coated polymer 

layers 
Kremer, F. (Leipzig, Germany) 

10:00 – 10:30 Glassy dynamics: Some advances by dielectric and NMR spectroscopy (IL) 
Böhmer, R. (Dortmund, Germany) 

10:30 – 11:00 coffee/tea 

11:00 – 11:30 What governs the dynamics of vitrifying liquids? (IL) 
Roland, C.M. (Washington, USA) 

11:30 – 11:50 Effect of pressure on the dynamics of miscible polymer blends/copolymers  
Floudas, G. (Ioannina, Greece) 

11:50 – 12:10 A dielectric test of the validity of the Adam-Gibbs equation out of 
equilibrium: polymers vs. small molecules  
Alegria, A. (San Sebastián, Spain) 

12:10 – 12:30 Structural recovery of polystyrene as seen by relaxational and low-frequency 
vibrational spectroscopy  
Wypych, A. (Lodz, Poland) 

12:30 – 14:00 lunch buffet in the Botanical garden 

  
Glass transition II: Dynamics of blends and (binary) mixtures 
Chairman: G. Johari 

14:00 – 14:30 Dynamics of blends and mixtures (IL) 
Ngai, K. L. (Washington, USA) 

14:30 – 15:00 Slow and fast dynamics in glycerol-water mixtures (IL) 
Feldman, Y. (Jerusalem, Israel) 

15:00 – 15:20 Percolation phenomena in DMSO-water binary mixtures  
Hernandez Perni, G. (Basel, Switzerland) 

15:20 – 15:40 Molecular dynamics of unfreezable solvents and polymers restricted in frozen 
state 
Yagihara, S. (Hiratsuka, Japan) 
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15:40 – 16:00 coffee/tea 

  
Johari-Goldstein β-relaxation 
Chairman: R. Richert 

16:00 – 16:30 Identifying the genuine Johari-Goldstein β-relaxation by cooling, 
compressing, and aging of some typical glass-formers (IL) 
Capaccioli, S. (Pisa, Italy) 

16:30 – 16:50 Minimal model for beta relaxation in viscous liquids  
Dyre, J. (Roskilde, Denmark) 

16:50 – 17:10 The pressure dependence of the Johari-Goldstein relaxation and the excess 
wing in supercooled liquids  
Casalini, R. (Washington, USA) 

17:10 – 17:40 Broadband dielectric spectroscopy in neat and binary molecular glass formers 
- frequency and time domain spectroscopy, non-resonant hole burning (IL) 
Blochowicz, T. (Bayreuth, Germany) 

17:40 – 19:00 Poster session (see list of posters) 
18:00 – 19:00 Meeting of IDS board and Scientific committee 
 
 
 
Tuesday August 24 
 
 Dynamics of nano-confined systems (I) 

Chairman: F. Kremer 
09:00 – 09:30 Inelastic neutron scattering for probing the dynamics of glass forming systems 

in confinement - recent results on organic liquids and polymers (IL) 
Frick, B. (Grenoble, France) 

09:30 – 10:00 Polymers in nano-confinements - What can we learn from relaxation and 
scattering experiments (IL) 
Schönhals, A. (Berlin, Germany) 

10:00 – 10:30 Dielectric relaxations in ultra-thin polymer films and H-bonding liquid layers 
Wübbenhorst, M. (Delft, The Netherlands) 

10:30 – 11:00 coffee/tea 

 Dynamics of nano-confined systems (II) 
Chairman: B. Frick 

11:00 – 11:20 Aging phenomena in thin polymer films  
Fukao, K. (Kyoto, Japan) 

11:20 – 11:40 Adsorption-induced pattern formation in thin polymer films  
Serghei, A. (Leipzig, Germany) 

11:40 – 12:00 Dielectric relaxation in thin liquid crystal layers (with different boundary 
conditions) formed on cylindrical pore walls  
Aliev, F.M. (San Juan, USA) 
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12:00 – 12:20 The study of nano and meso dielectrics 
Stevens, G. (Guildford, UK) 

12:30 – 14:00 lunch buffet in the Botanical garden 

 Molecular motions in disordered systems 
Chairman: R. Böhmer 

14:00 – 14:40 Daniel Kivelson: His contributions to the dynamics of liquids (IL) 
Williams, G. (Swansea, UK) 

14:40 – 15:10 Dynamics in disordered systems: From molecules to materials (IL) 
Richert, R. (Tempe, USA) 

15:10 – 15:30 Microwave dielectric behavior of glass-forming materials below Tg  
Nozaki, R. (Sapporo, Japan) 

15:30 – 16:00 coffee/tea 

 Functional polymers and devices 
Chairman: J. Ulanski 

16:00 – 16:30 Nonlinear dielectric investigation for nanofilms of ferroelectric polymers (IL) 
Furukawa, T. (Tokyo, Japan) 

16:30 – 16:50 Ferroelectrets: Polymer foams with "man-made" highly deformable dipoles  
Gerhard-Multhaupt, R. (Potsdam, Germany) 

16:50 – 17:10 Nonlinear dielectric response of dipole glasses and cellular polymer 
ferroelectrets  
Bauer, S. (Linz, Austria) 

17:10 – 17:30 Use of dielectric spectroscopy in non-invasive continuous glucose monitoring  
Caduff, A. (Switserland)  

  
18:00 – 24:00 Excursion to Port of Rotterdam with conference diner 
 
 
 
 Wednesday August 25 
 
 Real-time dielectric spectroscopy; monitoring of structure evolution 

Chairman: A. Schönhals 
09:00 – 09:30 Probing ordering processes in soft condensed matter by means of  time 

resolved broad band dielectric spectroscopy (IL) 
Ezquerra, T.A. (Madrid, Spain) 

09:30 – 10:00 Evolution of the glass transition dynamics in the dielectric behaviour of a 
liquid during polymerization (IL) 
Johari, G. (Hamilton, Canada) 

10:00 – 10:20 Generic representation of cure monitoring data using the time-temperature-
transformation diagram:  equivalence between dielectric and ultrasonic 
properties  
Unwin, M.E. (Nottingham, UK) 



 10 

10:20 – 10:40 Evidence of pre-crystalline-order in super-cooled polymer melts revealed from 
dielectric spectroscopy  
Wurm, A. (Rostock, Germany) 

10:40 – 11:00 coffee/tea 

 Liquid crystals and ferroelectric materials 

 Chairwomen: B. Hilczer 
Lecture hall A 

Chairman: J. Runt 
Lecture hall C 

11:00 – 11:30 Dielectric response in ferroelectrics (IL) 
Pawlaczyk, C. (Poznan, Poland) 

11:30 – 11:50 Molecular and collective dynamics in 
different liquid crystalline phases  
Kresse, H. (Halle, Germany) 

Non-intrinsic origin of the colossal 
dielectric constants in CaCu3Ti4O12  
Fichtl, R. (Augsburg, Germany) 

11:50 – 12:10 Solid state polymorphism in some 
glass formers 
Massalska-Arodz, M. (Krakow, 
Poland) 

Broadband dielectric study of nematic, 
smectic, and cholesteric glass forming 
liquid crystal dispersed with aerosil 
particles  
Sinha, G. (Leuven, Belgium) 

12:10 – 12:30 Unusual glass like systems - 
Relaxation dynamics of dopants in 
ferroelectric crystals  
Ben Ishai, P. (Jerusalem, Israel) 

Laser induced dielectric spectroscopy 
of a hybrid liquid crystal composite 
made up of methyl red and fullerene 
C60 
San, S.E. (Gebze, Turkey) 

12:30 – 14:00 lunch buffet in the Botanical garden 

 Conduction phenomena and spectroscopy 

 Chairman: K. Ngai 
Lecture hall A 

Chairman: C. Leon 
Lecture hall C 

14:00 – 14:30 Cooperative ion dynamics in ionic conductors (IL) 
Leon, C. (Madrid, Spain) 

14:30 – 15:00 New experimental techniques for conductivity spectroscopy: Nanoscale and 
nonlinear spectroscopy (IL) 
Roling, B. (Münster, Germany) 

15:00 – 15:20 Segmental dynamics and ionic 
conduction in polymer-ion complexes  
Runt, J. (University Park, USA) 

 

15:20 – 15:40 Low frequency dielectric losses 
related to dynamics of intrinsic 
conductivity of dielectrics 
Malecki, J. (Poznan, Poland) 

Ion mobility time of flight 
measurements: isolating the mobility 
of charger carriers during epoxy-
amine reaction  
Kranbuehl, D.E. (Williamsburg, USA) 

15:40 – 16:10 coffee/tea 
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Molecular dynamics in aqueous systems and polymers  
 Chairman: J. Berberian 

Lecture hall A 
Chairman: J. van Turnhout 
Lecture hall C 

16:10 – 16:30 Hydrophobic hydration, structure of 
water and dielectric spectra in all 
orientation frequency range  
Lyashchenko, A. (Moscow, Russia) 

Electrical conductivity and dielectric 
properties of single wall nano tube-
polymer composites 
McLachlan D.S. (Johannesburg, South 
Africa) 

16:30 – 16:50 Dynamics of sugar solutions as 
studied by dielectric spectroscopy  
Swenson, J. (Göteborg, Sweden) 

Broadband dielectric spectroscopy as 
a complementary analytical technique 
for polymeric solids  
Pratt, G.J. (Melbourne, Australia) 

16:50 – 17:10 Dielectric and hydration properties of 
epoxy resin + polyethylene oxide 
blends  
Vassilikou-Dova, A. (Athens, Greece) 

Dielectric relaxation of aqueous 
glucose solution in supercooled and 
glass state  
Grigera, J.R. (La Plata, Argentina) 

17:10 – 17:30 Dielectric relaxation properties of Na-
mordenite zeolite, as a function of 
water pressure 
Devautour-Vinot, S. (Montpellier, 
France) 

Relaxation phenomena in uniaxially 
drawn poly(ethylene naphthalene 2,6 
dicarboxylate) (PEN) dielectric films  
Stevenson, I. (Lyon, France) 

17:30 – 18:00 drinks 

 Measurement forum (lecture hall A) 
Chairman: R. Gerhard-Multhaupt 

18:00 – 19:00 Spectral Characteristics of Gaseous Media and Their Effects on Propagation of 
Ultra-Wideband Radiation in the Millimeter Wavelengths 
Pinhasi, Y. (Ariel, Israel) 
 
Presentation of NOVOCONTROL GmbH 
Schaumburg, G. (Hundsangen, Germany) 
 

  
20:30 – 22:00 Chamber music concert (Cultural centre of the TU Delft, Mekelweg 10) 
 
 
 
Thursday August 26 
  

Theory and simulation of dielectric response (I) 
Chairman: Y. Feldman 

09:00 – 09:30 Is there a physical meaning of recaps and reinds with complex exponents? (IL) 
Nigmatulin, R. (Kazan, Russia) 
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09:30 – 09:50 Fluctuation-dissipation relations and master equations  
Diezemann, G. (Mainz, Germany) 

09:50 – 10:10 The effect of cluster dynamics on the α-relaxation in supercooled liquids  
Halpern, V. (Ramat-Gan, Israel) 

10:10 – 10:30 A critical examination of the Ising model analysis of dielectric relaxation for 
the linear chain molecules  
Eker, S. (Adana, Turkey) 

10:30 – 11:00 coffee/tea 

 Theory and simulation of dielectric response (II) 
Chairman: J. Dyre 

11:00 – 11:30 Molecular dynamics simulation of amorphous polymers in isotropic state and 
under uniaxial deformation (IL) 
Lyulin, A. (Eindhoven, The Netherlands) 

11:30 – 11:50 Digital signal processing for relaxation data conversion  
Shtrauss, V. (Riga, Latvia) 

11:50 – 12:10 The Kramers-Kronig relations: Fast methods for their evaluation  
Van Turnhout, J. (Delft, The Netherlands) 

12:10 – 12:30 Structural features of aqueous solutions of organic substances in water-rich 
region according to adiabatic compressibility, dielectric relaxation and 
computer simulation data  
Grineva, O.V. (Moscow, Russia) 

12:30 – 14:00 lunch buffet in the Botanical garden 

  
Dielectric relaxations in complex systems and biological materials 
Chairman: S. Yagihara 

14:00 – 14:20 Mobility and dielectric relaxations in complex systems by broadband 
dielectric spectroscopy and thermally stimulated currents  
Dantras, E. (Toulouse, France) 

14:20 – 14:40 Label-free detection of proteins using dielectric spectroscopy  
Stapert, H. (Eindhoven, The Netherlands) 

14:40 – 15:00 Boundary-element calculations of dielectric relaxation for biological cells of 
awkward shape in suspension  
Sekine, K. (Kanazawa, Japan) 

15:00 Closing remarks 

15:20 – 16:00 coffee/tea 
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Scientific Program – poster contributions 
 
1. Glass transition I: Dynamics of polymers and simple liquids  
 
P1 Dynamical heterogeneity of the PDMS segmental dynamics induced by a mesophase 

lamellar structure in PDMS/PS block copolymers 
Alegria Angel (San Sebastian,Spain), Lorthioir Cedric, Deloche Bertrand, Colmenero 
Juan 

 
P2 Positron annihilation lifetime spectroscopy, dielectric relaxation and the defect 

diffusion model for a series of propylene glycols 
Bartos Josef ( Bratislava, Slovak Republic), Sausa O., Fontanella J.J., Kristiak J., 
Bendler J. T., Shlesinger M.F. 

 
P3 Positron annihilation lifetime response and relaxation dynamics by the broadband 

dielectric spectroscopy in glycerol 
Bartos Josef ( Bratislava, Slovak Republic), Sausa O.,  Racko D., Kristiak J., 
Fontanella J.J. 

 
P4 Dielectric relaxation in Sorbitol revisited 

Bergman Rikard (Goteborg, Sweden), Svanberg Christer 
 

P5 Diffusion Mechanism for Physical Aging of Polycarbonate far below the Glass 
Transition Temperature Studied by Means of Dielectric Spectroscopy 
Cangialosi D. (San Sebastian, Spain), Wübbenhorst  M. , Groenewold J., Mendes E., 
Schut H., Van Veen A., Picken S.J.  

 
P6 Solvent effects on the glass transition temperature of solution cast atactic PMMA 

films  
Lupascu Veronica (Delft, The Netherlands),  van den Berg Otto, Cangialosi Daniele,  
Wübbenhorst Michael 

 
P7 Effect of temperature and volume on structural relaxation time: an interpretation in 

term of decrease of configurational entropy 
Prevosto Daniele (Pisa, Italy),Capaccioli Simone, Lucchesi Mauro, Rolla Pierrangelo 
 

P8 Correlation between temperature-pressure dependence of the α-relaxation and 
configurational entropy for different glass-forming polymers 
Schwartz Gustavo Ariel (San Sebastian, Spain), Tellechea Edurne, Colmenero Juan, 
Alegria Angel 

 
P9 Multiple glass transition in the plastic crystal phase of triphenylene derivatives  

Yildirim Z. (Delft, The Netherlands), Kotlewski A., Wübbenhorst M., Picken S.J., 
Paraschiv I., Sudhölter E.J.R. 

 
 
2. Glass transition II: Dynamics of blends and (binary) mixtures 
 
P10 Mesoscopic dynamics and cage properties in glycerol-water mixtures 
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Hayashi Yoshihito (Jerusalem, Israel), Igal Balin, Yaroslaf E. Ryabov, Alexander 
Puzenko, Yuri Feldman, Udo Kaatze, Ralph Behrends 

 
P11 Molecular dynamic of linear and hyperbranched polyurethane blends 

Okrasa Lidia (Lodz, Poland), Zigon Majda, Zagar Ema, Czec Przemyslaw, Boiteux 
Gisele 

 
P12 Dielectric properties of glassy mixtures of polar and non-polar liquids 

Berberian John G. (Philadelphia, USA), Tropiano Michael A., Leach Joseph B. 
 
 
3. Johari-Goldstein ββββ-relaxation 
 
P13 Suppression of dielectric secondary relaxations by strong intermolecular hydrogen 

bonding 
Runt James (Pennsylvania USA), Zhang Shihai, Painter Paul C. 

 
P14 Effect of cold-drawing on the secondary dielectric relaxation of bisphenol-A 

Polycarbonate and Related Polymers. 
Mitxelena Olatz (San Sebastian, Spain), Colmenero Juan, Alegria Angel 
 

P15 Can dielectric spectroscopy tell us anything about the frequency dependent shear 
modulus ? 
Niss Kristine (Paris France), Jakobsen Bo, Niels Boye Olsen 
 

 
4. Dynamics of nano-confined systems 
 
P16 Dielectric relaxation in liquid crystal confined in quasi-one-dimensional system 

Aliev Fouad, (San Juan, USA) Bengochea Manuel Rivera, Gao C.Y., Cochran H. D. 
 

P17 Relaxation properties of supercooled water confined in bread 
Cerveny Silvina, Swenson Jan, Bergman Rikard (Goteborg, Sweden) 

 
P18 Characteristic size of molecular dynamics in polymers probed by dielectric probes of 

variable length  
van den Berg O. (Delft, The Netherlands), Wübbenhorst M., Jager W.F. 

 
P19 Liquid like surface mobility in supported ultra-thin films. New evidence for a layer 

model from dielectric spectroscopy 
Lupascu Veronica (Delft, The Netherlands), Koper Ger J.M., Wübbenhorst Michael 
 

P20 Ferroelectric phase transition in TGS embedded in porous glasses 
Rysiakiewicz-Pasek Ewa ( Wroclaw, Poland), Ryszard Poprawsky, Jolanta Polanska, 
Beata Radojewsk 

 
P21 Dynamics of surface layer in cyanobiphenyl-aerosil nanocomposites with a high silica 

density 
Frunza Stefan, Frunza Ligia, Tantaru Mihaela, Beica Traian, Schönhals Andreas 
(Berlin, Germany) 
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P22 Molecular mobility and gas transport properties of poly(bisphenol A carbonate) (PC) 

based nanocomposites 
Ning Hao, Martin Bohning, Harald Goering, Reinhard Mach, Schönhals Andreas 
(Berlin, Germany) 

 
P23 In-situ study of the glass transition dynamics of ultra-thin H-bonding liquid layers 

during molecular beam deposition by dielectric relaxation spectroscopy 
Michael Wübbenhorst (Delft, The Netherlands), Gaëtan Couderc, Norwid-Rasmus 
Behrnd, Jürg Hulliger 

 
 
5. Polymer dynamics and molecular motions in disordered systems 
 
P24 Dielectric relaxation of dendronized polystyrene in solutions 

Svetlana Kovshik (St. Pertersburg, Russia), Mariya Mikhailova, Galina Polushina, 
Evgeni Rjumtsev, Alexander Kovshik, Andrey Lezov 
 

P25 Dielectric studies of molecular dynamics in thermoplastic interpenetrating polymer 
networks 
Kanapitsas A. (Lamia, Greece), Polizos G., Pissis P., Lebedev E., Slisenko O., 
Grigoryeva O. P. 

 
P26 Molecular dynamics in poly(ethene-alt-N-alkylmaleimide) copolymers as studied by 

Broadband Dielectric Spectroscopy 
Tsuwi Julius (Leipzig, Germany), Appelhans Dietmar, Zschoche Stefan, Friedel Peter, 
Kremer Friedrich 
 

P27 Dipole relaxation kinetic parameters in saturated hydrocarbons 
Asheko Anatolii (Kharkov, Ukraine) 

 
P28 Dielectric properties of poly-diethyl itaconate from isothermal measurements 

Dominguez-Espinosa G., Diaz-Calleja R. (Valencia, Spain), Sanchis M. J., Sanchez-
Martinez E. 
 

P29 Dielectric characterization of a series wholly aromatic poly(ether imide)s 
Dingemans Theo (Delft, The Netherlands), Mayingi Josselin, van der Zwaag Sybrand, 
Wübbenhorst Michael 
 

P30 Dielectric properties of butadiene oligomers 
El-Fakhri Salem (Brno, Czech Republic), Liedermann Karel 

 
P31 Low-frequency Dielectric Response Study of a thin Silicone Rubber 

Hamzah Ngah Ramzi (Selangor, Malaysia), Muhamad Muhamad Rasat  
 

P32 Relaxation effects in Dielectric spectra of oligomer materials  
Kamenjk Roman (Brno, Czech Republic), Frk Martin 
 

P33 Investigations of poly(sodium acrylate) polymer networks by dielectric spectroscopy 
method 
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Malyshkina Inna (Moscow, Russia), Polycarpos Pissis, George Polizos 
 
P34 Effect of molecular architecture on dynamics of multigraft copolymers: combs, 

centipedes and barbwires 
Mijović Jovan (New York, USA), Sun Mingyun, Pejanović Srdjan, Mays Jimmy W. 
 

P35 Molecular relaxations in new polyurethane systems with linear and crosslinked 
structure 
Czech Przemyslaw (Lodz, Poland), Boiteux Gisele, Mechin Francoise, Okrasa Lidia, 
Ulanski Jacek 

 
 
6. Functional materials and devices 
 
P36 Photoprocesses in the bulk CdTe crystals 

Virt I. S., Popovich V.D. ( Drogobych, Ukraine), Tsiutsiura I. D., Bester M., Blahut 
A., Kuzma M. 

 
P37 Dielectric relaxation in a hybrid Ag/DiMe-PTCDI/GaAs device 

Thurzo Ilja (Chemnitz,Germany), Mendez Henry, Zahn Dietrich R. T. 
 
P38 Novel nano-materials based on metal clusters embedded in polymer films and porous 

glasses: dielectric study and sensor properties 
Trakhtenberg Leonid (Moscow, Russia), Gerasimov Genrikh, Axelrod Ekaterina , 
Feldman Yuri 

 
P39 Dielectric spectroscopy of a hybrid composite, constituted by doping a side-chain 

liquid crystalline polymer, under laser induced conditions 
San Eren S. (Kocaeli, Turkey ), Okutan Mustafa , Köysal Oğuz, Ono Hiroshi 
 

P40 Ferroelectrets: Adjustment of dipole size by means of controlled void inflation and its 
influence on dielectric resonances and electromechanical properties 
Voronina Olena (Potsdam, Germany), Wegener Michael, Tuncer Enis, Wirges 
Werner, Gerhard-Multhaupt Reimund 

 
P41 Assessment of the stabilization of the NLO performance of polymers by physical 

aging 
Klaase P.T.A. (Delft, The Netherlands), van Turnhout J. 

 
P42 Dielectric properties of bulk materials and restrictions to the application of two-

parameter microwave aquametry 
Renhart I. (Minsk, Belarus), Tsentsiper B 

 
P43 Correlation among the electrode shape and the size of an EHD pump and its pumping 

force 
Sato Masaki (Hachinohe, Japan), Nakano Shigeru 

 
P44 Electro-optic, dielectric and relaxation properties of hyper-branched macromolecules 

with linear main chains in dilute solutions 
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Tsvetkov Nikolai (St Petersburg, Russia),Ivanova vera, Kudriavtseva Tatiana, 
Girbasova Nina, Bilibin Alexander 
 
 

7. Real-time dielectric spectroscopy; monitoring of structure evolution 
 
P45 Re-crystallization effects in thermally stimulated depolarization currents 

measurements of XLPE in the melting temperature range 
Diego J. A., Belana J. (Terrassa, Spain) ,Canadas J.C., Mudarra M., Sellares J., Orrit J. 
 

P46 A comparative study of cold crystallization and amorphous PHB with Cole-Cole plots 
analysis 
Sentürk E. (Sakarya, Turkey) 

 
P47 Dielectric study during crystallization of polymers 

Soliman Ragab (Rostock, Germany), Wurm Andreas, Schick Christoph 
 
 
8. Liquid crystals and ferroelectric materials 
 
P48 Broadband dielectric resonance spectroscopy on ferroelectric and cellular ferroelectric 

polymers 
Salhofer Harald, Dansachmuller Mario, Bauer-Gogonea Simona, Bauer Siegfried 
(Linz, Austria) 

 
P49 Domain wall dispersion in ferroelectric phase of SrTi18O3  

Levstik Adrijan, Filipic Cene (Ljubljana,Slovenia), Kutnjak Zdravko, Itoh Mitsuru 
 
P50 Dielectric relaxation in polyamide 11: Comparison between ferroelctric and non-

ferroelectric films  
Fruebing Peter (Potsdam, Germany), Blischke Dorte, Ast Sandra, Gerhard-Multhaupt 
Reimund, Anna Spanoudaki, Polycarpos Pissis, Harald Goering 

 
P51 Dielectric spectra of elastomeric materials filled with ferroelectric ceramic powder 

Obsyannikov A.G., Lebedev S.M. (Tomsk, Russia) 
 
P52 Dielectric response peculiarities of complex ferroelectrics with chemical disorder: 

(Na1/2Bi1/2)TiO3, (K1/2Na1/2)NbO3, (1-x)BiScO3-(x)PbTiO3 
Porokhonskyy Viktor ( Ljubjana, Slovenia), Savinov Maxim, Veljko Sergej, Kamba 
Stanislav, Petzelt Jan, Malic Barbara 

 
P53 Influence of dispersed aerosil particles on the collective dynamic modes  in a 

ferroelectric liquid crystal with polarization sign reversal  
Rózanski Stanislaw (Leuven, Belgium), Thoen Jan 

 
P54 Type II model for uniaxial ferroelectrics single crystal TIS 

Sentürk E. (Sakarya, Turkey) 
 
P55 Liquid crystalline di- and triblock copolymers: interplay between domain 

mesostructure and dynamic behaviour 
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Zhukov Sergej (Darmstadt, Germany), Geppert Steffen, Stuhn Bernd, Gronski 
Wolfram 

 
P56 Low temperature dielectric losses in PbMg1/3Nb2/3O3 

Koroleva E.Yu. (St Petersburg, Russia), Okuneva N. M., Vakhrushev S. B. 
 
P57 Dielectric relaxation of terbium containing metallomesogen 

Rjumtsev Evgeni, Kovshik Alexander, Kovshik Svetlana (St Petersburg, Russia), 
Andrei Knazev, Yury Galyametdinov 

 
P58 Two relaxation mechanisms in (Sr1-1.5xBix)TiO3(x:0.0067) 

Sentürk E. (Sakarya, Turkey) 
 
P59 Thermal history and dielectric behaviour in the incommensurate phase of TIGaSe2 

Tümbek L. (Koecaeli, Turkey), Senturk E., Basaran E., Mikailov F.A., Mammadov T. 
G. 

 
P60 DFT, electric and dielectric properties of (Pb1-xLax )(ZryTi1-y)1-x/4O3  

Tümbek L. (Koecaeli, Turkey), Senturk E. 
 
P61 Time relaxation of the dielectric susceptibility of TlGaSe2 in the commensurate phase 

Mikailov F.A., Basaran E., Senturk E., Tümbek L. (Koecaeli, Turkey), Mammadov T. 
G. 

 
 
9. Conduction phenomena, semiconductors 
 
P62 The influence of the nature of the matrix on the dielectric and electric properties of 

conductive polymer composites based on polyaniline  
Fatyeyeva Kateryna (Maine, France), Tabellout Mohamed, Pud Alexander 

 
P63 The influence of the PANI content on the electrical behavior of polymer composites  

Fatyeyeva Kateryna (Maine, France), Tabellout Mohamed, Baillif Pierre-Yves, Pud 
Alexander 

 
P64 Current conductivity and protonic conductivity relaxations in 12-tungstophosphoric 

acid 
Polizos G. (Athens,Greece), Pissis P., Cajkovski T., Davidovic M., Mioc Ub 

 
P65 Low-frequency dielectric characterisation of PbO 

Avanesyan Vachagan (St Petersburg, Russia), Bordovskii Gennadii 
 
P66 Dielectric relaxation and structural properties of Pb3O4 

Avanesyan Vachagan (St Petersburg, Russia), Bordovskii Vladimir 
 
P67 Broad Band Dielectric Spectroscopy of nano-porous oxidized Si 

Axelrod Ekaterina (Jerusalem, Israel), Urnach Benayahu, Gutina Anna, Sa'ar Amir, 
Feldman Yuri 
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P68 Study of space charge relaxation in poly(ethylene terephthalate) at high temperatures 
by dielectric spectroscopy at the electrical modulus level 
Mudarra M. Orrit J., Belana J. (Terrassa, Spain), Canadas J.C., Diego J. A,Sellares J. 

 
P69 An assessment of ageing of oxide varistors using dielectric spectroscopy 

Jaroszewski Maciej (Wroclaw,Poland), Pospieszna Janina 
 
P70 Double layer polarization in electric fields: theory and experiment 

Koper Ger J.M. (Delft, The Netherlands), Chassagne Claire, Bedeaux Dick 
 
P71 Low frequency dielectric properties of epoxy resin 

Blahut A., Wal A., Labuz M. (Rzeszow, Poland), Kuzma M. 
 
P72 Relationship between the dielectric relaxation spectra and the dielectric strength of 

PET 
Gefle O.S., Lebedev S.M. (Tomsk, Russia), Pokholkov Y.P., Gockenbach E., Ritschel 
C.-D., Hoppe L. 

 
P73 Numerical investigations of the random barrier model 

Schrøder T.B. (Roskilde, Denmark), Dyre J.C. 
 
P74 Wide frequency range dielectric response of colloidal suspensions 

Galera-Cortes Elisa, Roldan-Toro Rafael, Solier J.D. (Badajoz, Spain) 
 
P75 A study of thermally stimulated dielectric relaxation currents in Al/Lu2O3/Al thin film 

sandwiches 
Wiktorczyk Tadeusz (Wroclaw, Poland) 

 
P76 Dielectric properties-micromorphology relationship and percolation in metal-filled 

polymer composites  
Zois H. (Athens, Greece), Mamunya Ye.P., Apekins L. 

 
 
10. Molecular dynamics in aqueous systems  
 
P77 The investigation of water molecules translation mobility in acrylate resins during 

hydration 
Alekseeva S.I. (Yoshkar-Ola, Russia) 

 
P78 Dielectric properties of water in cation-replaced clays 

Gusev Yurii (Tatarstan, Russia), Saraev Denis, Lounev Ivan, Yusupova Tatyana, 
Romanov Genadii 

 
P79 Cascade of water network percolation transitions in hydrated yeast 

Sokolowska Dagmara, Krol-Otwinowska Agnieszka (Krakow, Poland), Moscicki 
Jozef K. 

 
P80 Dielectric spectroscopy by differential measurements in transmission klines on sodium 

dodecyl sulfate micelles in water 
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Lanzi Leandro (Florence, Italy), Carla Marcello, Gambi Cecilia M. C., Lanzi 
Leonardo 

 
P81 Dielectric properties of aqueous solutions of ammonium salts 

Lileev Alexander (Moscow, Russia), Lyashchenko Andrey 
 
P82 Water network percolation transitions in model systems: Degussa AEROSIL fumed 

silica 
Sokolowska Dagmara (Krakow, Poland), Moscicki Josef K. 

 
P83 Dielectric spectroscopy and micellization of aqueous solutions of p-

isononylphenoloxyethyleneglycolether 
Usacheva T.M. (Moscow, Russia), Lifanova N.V., Zhuravlev V.I., Matveev V.K. 

 
P84 The high frequency dielectric properties of the potassium and tetrabutylammonium 

caboxylates 
Loginova Darya V. (Moscow, Russia), Lileev Alexander S., Lyashchenko Andrey K., 
Aladko Ludmila S. 

 
 
11. Dielectric methods, theory and simulation  
 
P85 Theoretical electromagnetic model for a scanning evanescent microwave probe 

Baker-Jarvis James (USA), Kabos Pavel, Janezic Michael D. 
 
P86 Novel dielectric diffusion depth profiling technique for detecting degradation in epoxy 

coatings 
Giacomelli Penon M. (Delft, The Netherlands), Picken S., van Turnhout J. 

 
P87 Temperature Modulated Dielectric Analysis (TMDA): A new experimental technique 

for the separation of temperature and reaction effects in dielectric cure monitoring 
signals 
Kazilas Mc (Cranfield, UK), Partridge I.K. 

 
P88 Molecular dynamics simulation of tunnel ion motions in the hollandite Nax(Ti8-

xCrx)O16 under high electric fields 
Khoo Kien (Leicester, UK), Dissado Leonard, Fothergill John, Youngs Ian 

 
P89 Distribution of relaxation times in polyvinylidene fluoride 

Tuncer Enis (Potsdam, Germany), Wegener Michael, Gerhard-Multhaupt Reimund 
 
P90 Control of wave propagation in a dielectric medium by tailoring its dispersive 

properties  
Yahalom Asher (Israel), Pinhasi Yosef 

 
P91 Structure of some liquid substances: an analysis of dielectric data and computer 

modelling 
Zhuravlev V.I. (Moscow, Russia), Grineva O.V., Lifanova N.V., Usacheva T.M., 
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12. Dielectric relaxations in complex systems and biological materials 
 
P92 Dielectric behavior of a microemulsion system containing water, toluene and Triton 

X-100: Temperature dependent phase inversion 
Asami Koji (Kyoto, Japan) 

 
P93 Dynamics of hydrated purple membranes - complementary results from dielectric 

spectroscopy and quasielastic neutron scattering 
Buchsteiner A. (Berlin, Germania), Lechner R. E., Haub Th., Dencher N. A. 

 
P94 Dielectric properties of cord blood serum under influence of freezing and gamma-

irradiation 
Gorobchenko Olga (Kharkov, Ukraine), Nikolov Oleg, Gatash Sergey, Nardid Oleg, 
Lipina Olga 

 
P95 Dielectric spectroscopy method in study of mechanisms of oil dispersion structure 

formation 
Gusev Yurii (Tatarstan, Russia), Lounev Ivan, Saraev Denis, Osokin Sergey 

 
P96 Using dielectric spectroscopy to detect thermal hysteresis in frog muscle 

Hart Francis (Sewanee, USA), Davila-Moriel Eric, Berner Nancy, McMillen Rachel 
 
P97 The comparison of the temperature dependence of electrical conductivity /TDEC/ and 

the DSC thermograms in studies on thermal denaturation of bone collagen 
Kubisz Leszek (Poznan, Poland) 

 
P98 Dielectric spectroscopy applications in agriculture 

Nelson Stuart (Georgia, USA) 
 
P99 Negative losses process in porous sol-gel glasses 

Puzenko Alexander (Jerusalem, Israel), Axelrod Ekaterina, Feldman Yuri, Haruvy 
Yaara, Reisfeld Renata 

 
P100 Parelectric spectroscopy studies on solid lipid nanoparticles as  drug carriers  

Ramadurai Sivaramakrishnan (Berlin, Germany), Nakamura Chié, Niehus Horst, 
Kramer  Klaus D. , Schäfer-Korting Monika 

 
P101 Distribution of processing oil in olefinic thermoplastic elastomer 

Sengers W.G.F. (Delft, The Netherlands), Berg O., Wübbenhorst M., Gotsis A. D. 
 
P102 Modulus model and dielectric permittivity of hydroxyapatite and calcium phosphate 

with titanium obtained by dry  mechanical alloying 
Silva C.C. (Aveiro, Portugal), Valente M. A., Graça M.P.F., Sombra A.S.B. 
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Addendum 
 
P103 Dielectric and structural studies of a SiO2-Li2O-Nb2O5 glass and glass-ceramics 

prepared by the sol-gel method 
Graça M.P.F. (Aveiro, Portugal), Ferreira da Silva M.G., Valente M.A. 

 
P104 Dielectric response of polymer relaxors 

Hilczer B. (Poznań, Poland), Hilary Smogór 
P105 Dielectric  Relaxation spectroscopy of montmorillonite doped with 12-

tungstophosphoric acid 
Čajkovski T., Davidović M. (Belgrade, Serbia and Montenegro), Pissis P., Polizos G., 
Čajkovski D., Likar-Smiljanić V., Sredić S., Mioč U.B. 
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Molecular dynamics in thin grafted and spin-coated polymer layers 
 

F. Kremer, A. Serghei, L. Hartmann 

 

Faculty of Physics, University of Leipzig, Linnéstr. 5, D-04103 Leipzig, Germany 
email: Kremer@physik.uni-leipzig.de 

 
Broadband Dielectric Spectroscopy is employed to study the molecular dynamics in thin 
layers of grafted and spin-coated polydimethylsiloxane (PDMS) and of the type-A polymer 
cis-1, 4-polyisoprene (PI). Strong resemblance with low-molecular-weight systems is found 
but additionally the conformation of the chain and its extension becomes important. For PI a 
confinement-induced relaxation is found. It is observable if the layer thickness is comparable 
to the end-to-end vector of the chain and it depends strongly on the separation between 
interfaces. In contrast, the dynamic (and hence the calorimetric) glass transition is not affected 
by the geometrical confinement. 
 
[1] Hartmann L., W. Gorbatschow, J. Hauwede and F. Kremer, Eur.Phys. J.E, 8, pp.145-

154 (2002). 
[2]  Kremer F., A. Huwe, A. Schönhals, and R. Rozanski, Chapter VI in "Broadband 

Dielectric Spectroscopy". Eds. F. Kremer, A. Schönhals, Springer-Verlag Berlin 2002. 
[3]  Serghei A., F. Kremer, Phys. Rev. Letters Vol. 91, No.16, pp. 165702-1-165702-4 

(2003). 
[4]  Kremer F., L. Hartmann, A. Serghei, P. Pouret and L. Léger, EJP E Vol.12, no.1, 

pp.139-142 (2003). 
[5] Serghei A., F. Kremer, W. Kob, EJP E Vol. 12, No. 1 pp. 143-146 (2003). 
[6] Serghei A., L. Hartmann, L. Pouret, F. Kremer, Colloid & Polym. Sci. Vol. 282, pp. 

946-954 (2004). 
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Glassy dynamics: 
Some advances by dielectric and NMR spectroscopy 

 
Roland Böhmer1, Manfred Winterlich1, Gerald Hinze2 

 
1Experimentelle Physik III, Universität Dortmund, 44221 Dortmund, Germany 

2Institut für Physikalische Chemie, Johannes Gutenberg-Universität, 55099 Mainz, Germany 
e-mail: bohmer@physik.uni-dortmund.de 

 
In this presentation we focus on several aspects concerning the rotational and translational 
motions of glassy materials. By now it is well established that the primary and the secondary 
relaxations in supercooled liquids are dynamically heterogeneous. Recently, evidence for the 
heterogeneity of transport processes was also obtained in glassy electrolytes by dielectric and 
NMR techniques.  
However, the interrelation of primary and secondary relaxations, while addressed by several 
models, is still a matter of discussion. This is because experimental evidence for a 
connectivity between these relaxation processes was rather indirect so far. We describe a 
magnetic resonance technique capable of addressing this question directly. We show that by 
filtering relaxation processes much faster than the primary one, the appearance of the latter 
can be modified in several small molecule glass-formers. 
 
  

 
Fig. 1  Sketch visualizing a possible connectivity of primary and secondary relaxations. 
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What governs the dynamics of vitrifying liquids?  
 

C.M. Roland and R. Casalini 
 

Naval Research Laboratory, Code 6120, Washington, DC, USA 
roland@nrl.navy.mil 

 
As fluids vitrify, they acquire the macroscopic properties of a solid, while retaining the 
microscopic disorder of the liquid state. Despite the absence of changes on the molecular 
level, spectacular changes in properties accompany glass formation. This phenomenon has 
long evoked scientific interest, yet remains an unsolved problem in condensed matter physics. 
One prominent issue is what governs the kinetic arrest of the quenched liquid – cooling 
reduces the thermal energy molecules use to surmount local potential barriers, while the 
accompanying volume contraction promotes molecular crowding and congestion. 
Our recent dielectric results have shown unambiguously that both thermal energy and density 
contribute to the temperature dependence of vitrifying liquids [1,2]. Moreover, dielectric α-
relaxation times measured near Tg as a function of temperature and pressure can be expressed 
as a single function of the scaling variable TVγ [3,4]. The exponent γ is a material constant, 
whose magnitude reflects the nature of the intermolecular repulsive potential. This 
generalized scaling can be extended to the global dynamics of polymers, using a value of γ 
identical to that for local segmental relaxation [5]. This equivalence of the scaling variable 
validates one of the central tenets of the Rouse and reptation descriptions of the low 
frequency dyanmics of chain molecules.  
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Fig. 1  Dielectric relaxation times vs. inverse product of temperature and specific volume, the 
latter raised to the power of γ = 1.9 (PVE ), = 3.0 (PI ), = 0.13 (sorbitol ), = 6.2 
(OTP/OPP ⃟) = 2.5 (PPG ✴), = 8.5 BMMPC ), = 3.5 (PPGE ∇), = 7.0 (BMPC ▲), = 5.6 
(PMPS □), = 5.0 (PMTS ▼), = 4.5 (PDE ∆), = 5.2 (salol ■) and 3.7 (PC ☆). 
 
[1] C.M. Roland, M. Paluch, T. Pakula, and R. Casalini, Phil. Mag. B 84, 1573 (2004).  
[2] M. Paluch, R. Casalini and C.M. Roland, Phys. Rev. B 66, 092202 (2002).  
[3]  R. Casalini and C.M. Roland, Phys. Rev. E 69, 062501 (2004). 
[4] C.M. Roland, S. Capaccioli, M. Lucchesi and R. Casalini, J. Chem. Phys. 120, 10640 

(2004). 
[5] C.M. Roland, R. Casalini and M. Paluch, J. Poly. Sci. Poly. Phys. Ed., submitted. 
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Effect of pressure on the dynamics of miscible polymer blends/copolymers 
 

G. Floudas1, K. Mpoukouvalas1, J. Runt2, F. Du Prez3 

 
1University of Ioannina, Dept. of Physics, 451 10 Ioannina, Greece 

2The Pennsylvania State University, Dept. of Materials Science and Engineering, USA  
3University of Ghent, Dept. of Organic Chemistry, Belgium 

e-mail: gfloudas@cc.uoi.gr 
 

Pressure can influence the blend (and copolymer) dynamic state [1]. For example, in a 
poly(isoprene-b-vinylethylene) (PI-b-PVE) athermal copolymer pressure was found to induce 
dynamic homogeneity [2]. Herein we report on the temperature and pressure effects on the 
dynamics of two miscible polymer blend/copolymer systems. The first is based on the poly(4-
vinylphenol)/poly(vinyl ethyl ether) (PVPh/PVEE) with a ∆Tg of 186 K. Despite the large 
intrinsic mobility difference, for a large composition range, the system appears as 
dynamically miscible due to hydrogen bonding that couples the component segmental 
relaxations [3]. However, within a small composition range the system exhibits a bimodal 
distribution originating from nearly free PVEE segments and coupled relaxations of the PVEE 
and PVPh hydrogen bonded segments. Within this composition range we found a critical 
temperature above which there is additional breaking of hydrogen bonds giving rise to an 
excess of “fast” unassociated PVEE segments [4]. 
 The second system is based on poly(vinyl methyl ether)-b-poly(isobutyl vinyl ether) (PVME-
b-PIBVE) with a Τg contrast of  ∆Tg=7 K. Despite the minimal dynamic disparity of the two 
components, applied pressure induces dynamic heterogeneity. The different effects of 
pressure on the blend/copolymer dynamics will be discussed. 
 
 
 
[1] G. Floudas in Broadband Dielectric Spectroscopy, edited by F. Kremer and A. 

Schönhals (Springer, Berlin 2002), Chapter 8.  
[2]  G. Floudas, G. Fytas, T.Reisinger, G. Wegner, J. Chem. Phys. 111, 9129 (1999). 
[3]  S. Zhang, P.C. Painter, J. Runt, Macromolecules 35, 9403 (2002). 
[4]  K. Mpoukouvalas, G. Floudas, J. Runt  in preparation. 
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A dielectric test of the validity of the Adam-Gibbs equation out of 
equilibrium: polymers vs. small molecules 

 
Luis Goitiandia and Ángel Alegría 

 
Departamento de Física de Materiales UPV/EHU, Unidad de Física de Materiales CSIC-

UPV/EHU, Facultad de Química, Apartado 1072, 20080 San Sebastián, Spain. 
e-mail: wapalloa@sq.ehu.es 

 
The α-relaxation time, both at equilibrium and out-of-equilibrium, has been investigated by 
means of dielectric relaxation in a series of fragile glass formers including polymers and 
several small molecules. The dielectric experiments combine both, standard broad band 
dielectric relaxation measurements (frequency range 10-2 - 107 Hz) and thermally stimulated 
depolarization (accessible time range 100 - 106 s). The experimental temperature dependence 
of the α-relaxation times out of equilibrium has been quantitatively compared with the 
predictions of the Adam-Gibbs equation. For the small molecule glass formers a good 
agreement was found, but systematic discrepancies are apparent for polymers. By studying 
the influence of physical aging on this comparison, we found that after significant annealing 
also the polymers agree well with the predictions of the Adam-Gibbs equation. All these 
results would support the validity of the Adam-Gibbs equation for describing the temperature 
dependence of the time scale of the α-relaxation also out-of-equilibrium. However, this would 
imply a noticeable qualitative difference between polymers and small molecule systems 
concerning the configurational entropy behavior. Whereas a significant temperature variation 
of the configurational entropy would occur for non-annealed polymers some ten degrees 
below the glass transition, this temperature dependence would be much weaker for small 
molecules and well annealed polymers. 
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Structural recovery of polystyrene as seen by relaxational 
and low-frequency vibrational spectroscopy 

 
A. Wypych1,2,3, E. Duval2, G. Boiteux3, J. Ulanski1, L. David3

, G. Seytre3, A. Mermet2, 
I. Stevenson3, L. Okrasa1, M. Kozanecki1 

 
1 Department of Molecular Physics, TUL, ul. Zeromskiego 116, 90-924 Lodz, 

Poland, 
2 Laboratoire de Physico-Chimie des Matériaux Luminescents,UCB Lyon -1, 

10 rue A.M. Ampère, Bât. A. Kastler, 69622 Villeurbanne Cedex, France, 
3 Laboratoire des Matériaux Polymères et Biomatériaux, UCB Lyon-1, 

15 Bd. A. Latarjet, Bât. ISTIL,  69622 Villeurbanne Cedex, France. 
e-mail: alwypych@p.lodz.pl 

 
Being in non-equilibrium thermodynamic state, amorphous polymers are subject to                      
the so-called “physical aging” or “structural relaxation”, i.e. molecular rearrangements which 
attempt to establish equilibrium. Therefore the aging influences all those temperature–
dependence properties which change drastically at glass transition temperature (Tg). This 
process can occur far below Tg in longer time range and should be controlled because it can 
affect the physical properties of materials (mechanical, dielectric and optical properties). A 
number of theories have been proposed to describe the time-dependent changes observed in 
the physical properties of polymers and associated with their physical aging. Many of them 
are based on the free volume concept, considered as the rate controlling factor, which 
determine molecular mobility in polymers. A connected issue is the effect of physical aging 
onto the disordered structure at the nanometric level. 
In the present work, thermal aging have been carried out for atactic polystyrene (PS) at 
different temperatures. We have applied low frequency Raman scattering (LFRS), small angle 
X-ray scattering (SAXS), broad-band dielectric spectroscopy, low frequency high resolution 
mechanical spectroscopy (LFHRMS) and differential scanning calorimetry (DSC) in order to 
follow the relation between dynamic properties and structural state. 
The Boson peak observable by LFRS corresponds to the Raman scattering on localised 
acoustic phonons. The obtained Raman spectroscopy results were explained according to the 
model of the non-continuous structure, where at the nanometric scale, the amorphous 
structure consists of more cohesive amorphous domains that are surrounded by less cohesive 
channels [1]. It was found, that as an effect of physical aging the PS samples exhibit a 
decrease of intensity of Boson peak due to a decrease of the elasticity contrast between high 
cohesive “domains” and softer “channels”. It means that the glass nanostructure becomes 
more homogeneous with aging, a point that can also be evidenced by SAXS. We have 
correlated those changes with changes in molecular dynamics in the aged PS characterised by 
means of LFHRMS and broadband dielectric spectroscopy. The obtained spectra evidence a 
better separation between the α− and β−relaxation processes and an increase of the 
α−relaxation time as an effect of decrease of fluctuations of the cohesive energy and density 
during the aging. DSC measurements for the aged PS exhibit an additional endothermic peak 
due to enthalpy relaxation. 
 
[1]  E. Duval, A. Boukenter, T. Achibat, J. Phys. Condens. Matter. , 2 (1990) 10227. 
 
This work was partially supported by KBN project No. 4 T09A 147 25 (Poland) and M.I.R.A. 
grant (Mobilite Internationale Rhone Alpes) (France). 
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Dynamics of blends and mixtures 
 

K.L. Ngai  

 
Naval Research Laboratory, Washington DC 20375-5320, USA 

 e-mail: Ngai@estd.nrl.navy.mil 
 

It is well known that the α-relaxation of each component in a miscible mixture of two glass-
formers has its own dynamics, which change with the composition of the blend. Lesser known 
are the corresponding change of the Johari-Goldstein (JG) β-relaxation and its relation to the 
α-relaxation. Previously, in neat glass-formers, the relaxation time τJG of JG β-relaxation was 
identified with the independent relaxation time τ0 of the coupling model. The correspondence 
between τ0 and τJG was supported by analysis of experimental data of many glass-formers 
[K.L. Ngai, J. Phys.: Condens. Matter 15, S1107 (2003). D. Prevosto, S. Capaccioli, M. 
Lucchesi, P.A. Rolla, and K.L. Ngai, J.Chem.Phys. 120, 4808 (2004). K.L. Ngai and S. 
Capaciolli, Phys.Rev.E 69, 031501 (2004)]. In this talk, this correspondence between τ0 and 
τJG of a component in binary mixtures and the relation between τ0 and τα of the coupling 
model are used to generate predictions of the simultaneous changes of τα and τJG of the 
component on varying the composition of the mixture [K.L. Ngai and S. Capaciolli, 
J.Phys.Chem.B (2004).]. The predictions are in accord with the experimental data of (a) the 
component 2-picoline in mixtures with tri-styrene by T. Blochowicz and E.A. Rössler, 
Phys.Rev.Lett. (2004) and (b) the component sorbitol in mixtures with glycerol by K. 
Duvvuri and R. Richert, J.Phys.Chem.B (2004), (c) the component sorbitol or xylitol in 
mixtures with water by T. Psurek etal. Phys.Rev.E (2004). 
 
The second part of my talk is entitled “Are theories of glass transition that address only 
the primary αααα-relaxation barking up the wrong tree?”.  
Temperature, pressure, volume and/or entropy determine the molecular mobility. Most, if not 
all, theories of glass transition consider primarily the effects of these thermodynamic 
variables on the α-relaxation. The increase of the α-relaxation time, τα, responding to changes 
of these thermodynamic quantities leads to vitrefication when τα becomes long compared 
with laboratory time-scales and the liquid falls out of equilibrium. In this work I argue that 
this approach to glass transition is fundamentally flawed. By using experimental data 
particular pressure dependence as evidences, I show that temperature, pressure, volume and/or 
entropy first enter into the JG relaxation in governing the molecular mobility, long before the 
α-relaxation transpires. Thus, the origin of the dependence of molecular mobility on these 
thermodynamics variables lies in the JG relaxation and not the α-relaxation. The many-
molecule dynamics transform the JG relaxation into the cooperative α-relaxation. The much 
more sensitive dependence of the mobility of the α-relaxation on the thermodynamic 
variables compared with the JG relaxation is the consequence of the many-molecule dynamics 
(cooperative length-scale) of the former, amplifying the weaker dependence of the latter. 
Since τJG is the same as the independent relaxation time τ0 of the coupling model, the familiar 
relation, 1/(1 )

0[( ) ]n n
ctατ τ− −= , of the coupling model is perhaps the simplest way to make the 

connection between τJG and τα and to relate their separate dependences on the thermodynamic 
variables.  
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Slow and fast dynamics in glycerol-water mixtures  
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Understanding the liquid-glass transition and its related dynamics is one of the most important 
and challenging problems in modern condensed matter physics. Glycerol and its mixtures 
with water are hydrogen-bonded (H-bonded) liquids, which are widely used as models to 
study the cooperative dynamics and also glass transition phenomena in complex liquids. It is 
well known that the dc-conductivity process, the main relaxation process, and a high 
frequency relaxation (the so-called “excess wing”) are observed by broadband dielectric 
spectroscopy (BDS) measurements of glycerol in supercooled or liquid phases. The 
presentation of our experimental results in terms of so-called “master plots”, in which the data 
and the correspondent frequency axis are normalized to the value of relaxation peak 
maximum and the corresponding frequency, shows that all the data for pure glycerol, for 
example, in the temperature range 196 to 250 K are condensed to a single function.  It means 
that both of the excess wing and the dc-conductivity are characterized by the same 
temperature dependence as the main process, which is described by the Vogel-Fulcher-
Tammann (VFT) law. Moreover, the same behavior was also found in glycerol-water 
mixtures in the glycerol rich region (50 to 100 mole % of glycerol).  In addition, it is possible 
to normalize the frequency dependencies of ε" for different glycerol-water mixtures at a 
constant temperature. Such normalization demonstrates that the excess wing and the main 
dielectric dispersion have the same dependency on the composition of glycerol-water mixture 
over the comparatively wide range of concentrations: from 50 up to 100mole %.  All these 
results indicate that the dc-conductivity, the main relaxation process and the excess wing have 
the same molecular origin.   
The universality in the master plots of dielectric spectra for glycerol and glycerol-water 
mixtures, with respect to the changes of both concentration and temperature, is related to the 
same origin of elementary molecular processes which is most probably a “defect” formation 
and its percolation in H-bond network: 
This universality disappears through a further decrease of glycerol content (below 40 mole 
%). This result is likely explained by appearing of the so-called cooperative domains of 
glycerol and water, respectively. In the water rich region glycerol molecules cannot provide 
all the water molecules with H-bonds. The critical mole fraction (xg) would be related to the 
numbers of H-bonds of the glycerol molecule (ng ≈ 6) and the water molecule (nw = 4) namely 
xg = 100%⋅ nw / (nw + ng) = 40 %. An x-ray diffraction study performed at room temperature 
also indicated the change of the static structure of glycerol-water mixtures at the 40mole % of 
glycerol.   
A new phenomenological relationship for complex dielectric permittivity is proposed in order 
to provide a comprehensive fitting of our experimental data both for conductivity, main 
process and excess wing. The structural and dynamic properties of the molecular dynamics of 
the water/glycerol mixtures are discussed in terms of the Kirkwood correlation factor, cage 
dynamics and defect percolation in H-bonded network. 
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In a previous paper [1] it was shown, that the Ei/E parameter (Ei corresponds to the local mean 
field due to close molecule-molecule interactions after the application of an external electric 
field E) obtained from the modified Clausius-Mossotti-Debye equation can be related to 
percolation phenomena in binary mixtures. We have recently shown that the percolation 
phenomena are also related to the relaxation behaviour of the dipole moment of the polar 
molecule in binary solvent mixtures with 1,4-dioxane [2]. There have been many attempts to 
revel the structure of the DMSO-water mixture in order to understand the non-linear 
behaviour of this system observed for a wide range of properties such as density and viscosity 
as a function of its composition. The maximum deviations occur at 30–40 mol % DMSO (63–
72% (V/V) DMSO) corresponding to 60–70 mol % water (28–37 % (V/V) water) [3]. In the 
present study it was possible to interpret that behaviour in the framework of the percolation 
theory by measuring the following parameters: Ei/E parameter obtained through the modified 
Clausius-Mossotti-Debye equation, g-values obtained from the Kirkwood-Fröhlich equation, 
relaxation time, dielectric constant, refractive index and density data. The results are listed 
together with literature data concerning the viscosity, adiabatic compressibility and freezing 
point of binary solvent mixtures (see table 1). The values of the lower and upper percolation 
thresholds are comparable and it is of interest, that as a function of the parameter studied, only 
one or two percolation thresholds can be detected.  
 

 Lower percolation threshold 
((V/V) water) 

Upper percolation threshold 
((V/V) water) 

Ei/E-parameter 0.32 0.74 
g-values  0.35 0.77 
Relaxation time (τ) 0.27 0.74 
Dielectric constant (ε) 0.32 0.64 
Viscosity1 0.32 Not detectable 
Adiabatic compressibility2 0.37 Not detectable 
Freezing point3 0.37 Not detectable 
 
Table 1 Percolation thresholds found for Ei/E-parameter, g-values, relaxation time, dielectric 
constant, viscosity, adiabatic compressibility and freezing point as a function of the volume 
fraction of water in the investigated DMSO-water binary mixtures (1) source: Marshall et al. 
1987; 2) source: Kaatze et al. 1990; 3) source: Havemeyer, 1966) 
 
[1] Stengele, A., Rey, St., Leuenberger, H., 2002. A novel approach to the 

characterization of polar liquids. Part 2: binary mixtures. Int. J. Pharm. 241, 231-240. 
[2] Hernandez-Perni, G., Stengele, A. and Leuenberger, H., 2004. A novel approach to the 

characterization of polar liquids, Part 4: Broadband dielectric spectroscopy of polar 
binary mixtures. Proceedings of the 5th Central European Symposium on 
Pharmaceutical Technology and Biotechnology, Ljubljana 2003. Int. J. Pharm. 
(submitted). 
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Broadband Dielectric Spectroscopy (BDS) studies on restricted dynamics of molecules in 
two-component systems are classified with each component of the mixtures in Table I.  Here 
low-molecular weight liquids are classifided into hydrogen bonding liquid (HL) and Van der 
Waals liquid (VDWL).  The characteristic features on which our attention is focused in BDS 
studies are molecular dynamics of unfreezable liquid (UFL) which is closely related with the 
liquid structures and dynamical behaviors such as the glass transition (GT) for the mixtures. 
Physical properties investigated for these mixture are also listed in Table I. 
Though the relaxation time for a relaxation process reflecting dynamics of water molecules 
observed for aqueous polymer solutions has been described by Vogel-Fulcher-Tammann 
equation which is also explained from conventional free-volume theory, other HL-polymer 
mixtures show the volume effect smaller than aqueous systems. Chain dynamics observed in 
these systems have generally been also described with the volume effect because of larger 
motional units. On the other hand, chain dynamics are easily observed in nonpolar VDWL-
polymer mixtures such as benzene-poly(vinyl acetate). A discontinuity of the relaxation time 
at the freezing point is not remarkable for chain dynamics. These results suggest that the 
volume effect on the relaxation time should be analyzed with the hydrogen bonding ability.   
 
Table I.  Physical properties investigated by BDS system for various two-component 

systems.  The systems indicated by * also include the frozen state. 
 
Component 1 Component 2 Observable dynamics Physical properties 
 
HL 

 
HL 

 
HL* 

 
UFL & GT 

VDWL  Liquid crystal Liquid crystal* Anisotropic dynamics 
HL/VDWL  Polymer HL*/VDWL UFL & GT 
VDWL  Polymer Polymer* GT 
HL/VDWL  Polymer gel HL*/VDWL UFL & GT 
HL  Polymer gel Polymer Chain dynamics 
Polymer         Polymer           Polymer*  Chain dynamics & GT           
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More than 30 years ago, Johari and Goldstein showed the universal existence of a β-relaxation 
process not involving intramolecular degrees of freedom, but instead certain motion related to 
essentially all parts of the molecule [1]. However, dielectric spectra of typical molecular 
glass-formers often show a rich scenario for secondary relaxation with the occurrence of an 
excess wing and/or one or two resolved secondary processes [2, 3]. Therefore it is important 
to single out, among the different processes mostly related to intramolecular degrees of 
freedom, the genuine Johari-Goldstein (JG) β-relaxation, that acts as the precursor of the 
primary α-relaxation. The different nature of multiple secondary relaxations can be 
understood by investigating their dynamic behavior at variable temperature and pressure in 
the equilibrium liquid and glassy states, as well as the changes during structural recovery after 
rapidly quenching the liquid to form a glass [4].  
We recently performed some experiments on prototypical glass-formers with multiple 
secondary relaxations scenario [5]. It was shown that dynamic properties of slower β-
relaxation paralleled those of the α-relaxation: (i) β-relaxation time was appreciably pressure 
dependent; (ii) its behavior below Tg was sensitive to thermal history; (iii) isothermal 
annealing at temperatures sufficiently far below Tg after a rapid quenching revealed a large 
shift of the β-relaxation spectrum to lower frequencies similar to the well-known effect of 
aging on the α-relaxation spectrum. This correlation between the dynamic properties of the 
slower β-process and those of the α-process indicates that the β-process was likely the 
genuine JG β-relaxation. On the other hand, neither the annealing property nor the pressure 
dependence of the faster γ-relaxation bore any relation to α-relaxation, and hence there were 
not JG β-relaxation. Moreover, a good agreement between the JG β-relaxation time and the 
independent relaxation time τ0 of the coupling model (CM) was found [6], leading to 
predictive quantitative relations between the JG β-relaxation and the α-relaxation supported 
by the experimental data, both in the liquid and in the glassy state: (i) at some temperatures 
above Tg where there was possible to determine both, we found that τ0 and τβ were 
approximately equal; (ii) in the glassy state, the observed Arrhenius activation energy of τβ 
was nearly the same as the calculated activation energy of τ0. Final remarks of the present 
study concern the possibility to predict the dynamic evolution of any genuine JG β-relaxation 
in the glassy state, once the temperature and/or pressure behavior of α-relaxation at 
equilibrium and the thermal/pressure history are known. 
 
[1] G.P. Johari and M.Goldstein, J. Chem. Phys. 53, 2372-2381 (1970). 
[2] R.Casalini and C.M.Rolandr, Phys. Rev. Lett. 91, 015702 (2003). 
[3] S. Corezzi, M. Beiner, H. Huth, et al., J. Chem. Phys. 117, 2435 (2002). 
[4] K. L. Ngai and M. Paluch, J. Chem. Phys. 120 , 857 (2004). 
[5] D.Prevosto, S.Capaccioli, M.Lucchesi, P.A.Rolla, K.L.Ngai, J.Chem.Phys. 120, 4808 

(2004). 
[6] K. L. Ngai, J. Phys: Condens. Matter 15, S1107 (2003). 
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Beta relaxation, which was discovered in simple molecular liquids more than 30 years ago by 
Johari and Goldstein [1], is usually studied in the glassy phase. This is because it is usually 
quite difficult to separate alpha and beta relaxations in the equilibrium liquid phase unless one 
is patient and anneals for long times. In the present work we present studies of beta relaxation 
in the liquid phase. Contrasts between beta relaxation in liquids and in glasses are rationalized 
in terms of a double-well potential model with structure-dependent asymmetry, assuming 
structure is described by a single order parameter. The model is tested for tripropylene glycol 
where it accounts for the hysteresis of the dielectric beta loss peak frequency and magnitude 
during cooling. 
 
[1] G. P. Johari and M. Goldstein, J. Chem. Phys. 53, 2372, (1970). 
[2] J. C. Dyre and N. B. Olsen, Phys. Rev. Lett. 91,155703, (2003). 
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Structural relaxation in supercooled liquids remains one of the more intriguing aspects of the 
dynamics in dense fluids. In addition to the primary α-relaxation, the dielectric spectrum of 
many liquids reveals a higher frequency process, the “slow” β-relaxation. When the motion 
underlying this secondary relaxation involves intermolecular degrees of freedom, it is referred 
to as a Johari-Goldstein relaxation. The properties of the Johari-Goldstein process are related 
to the highly cooperative α-relaxation, although the details of the relationship remain 
problematic. 
We present dielectric spectra for various glass-formers, measured at elevated pressure. By 
taking advantage of the differing response to pressure of the α- and secondary processes, it is 
possible to separate the frequency response of these processes evidencing differences that 
would otherwise not seen by varying temperature at atmospheric pressure. 
While the properties of the Johari-Goldstein relaxation are universal, in some supercooled 
liquids, a distinct β-peak is absent from the loss spectrum. Instead, an excess intensity is 
observed, toward the high frequency side of the structural relaxation peak. The use of pressure 
enables us to address the fundamental question: Is this excess wing an inherent part of the α-
relaxation, or an unresolved Johari-Goldstein process? Results will be presented 
demonstrating that under pressure, an excess wing can be observed in some “type B” glass-
formers; that is, the excess wing exists simultaneously with the Johari-Goldstein relaxation. 
More intriguing, we find that this excess wing can evolve into a distinct secondary peak, 
undermining the distinction between type-A and type-B glass-formers. These results provide 
insight into the vitrification process itself. 
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In the present contribution we investigate and compare the glass transition dynamics in neat 
and binary molecular glass formers. Especially with respect to the secondary relaxations 
many neat systems show common features: On the one hand there are glass formers that 
exhibit a so called high frequency (HF) wing. For many of these systems it can be 
demonstrated by using a phenomenological approach that the lineshape of the high frequency 
part of the relaxation is completely governed by the structural relaxation time. On the other 
hand many substances exhibit a well separated secondary relaxation peak (β-process), the 
activation energy of which is proportional to the glass transition temperature Tg. Thus it was 
suggested previously [1] to distinguish between two classes of glass formers according to 
whether or not a well separated secondary peak is visible in the spectra and it has been a 
controversial discussion whether or not this classification is justified [2-4]. 
Further insight into this question may be gained by investigating the dielectric loss in binary 
mixtures [5]. In particular we study a series of mixtures using 2-picoline in oligomeric 
styrenes. The binary mixtures were characterised by broad band dielectric spectroscopy in the 
dynamic range 10-6 - 107 Hz. Although neither of the substances shows a secondary relaxation 
peak in the neat phase, there appears a strong β-process in the spectra of the picoline 
molecules in the mixture, the dynamics of which is monitored selectively in the dielectric 
experiment due to the different magnitude of the dipole moment in both substances. In fact a 
careful lineshape analysis of ε''(ω) with a set of appropriate model functions [6,7] shows that 
the same process that is seen as a high frequency wing at high picoline concentrations 
becomes a β relaxation at lower concentrations due to a separation of time scales, cf. Fig.1. 
Finally it turns out that whether the secondary relaxation appears as β peak or as HF wing is 
basically determined by the preexponential factor of the Arrhenius law. 
Concerning the structural or α relaxation of the binary mixtures, in the intermediate 
concentration range a strong broadening of the spectra as compared to neat systems is 
observed. Non-resonant dielectric hole burning reveals that this broadening is on the one hand 
due to pronounced, long-lived dynamic heterogeneities but to some part also due to 
intrinsically non-exponential relaxation. Again results obtained in neat and binary systems are 
compared and it is demonstrated that the data may be described in terms of a previously 
suggested model of selective local heating [8]. 
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Fig.1 The dielectric loss of different picoline in tri-styrene mixtures with similar α relaxation 
times; for clarity each spectrum is shifted by a prefactor kc [5]. 
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Inelastic neutron scattering allows not only the study of the time dependence of dynamic 
processes but also their spatial scale via the momentum transfer of the scattering law, the 
latter having a simple direct relation to the scattering probabilities. The time range, though 
being more limited than for the complementary dielectric spectroscopy technique, was 
expanded in recent years and can cover today about 8 decades in time by combining different 
inelastic neutron scattering techniques. The high penetration power, related to the weak 
interaction of neutrons with matter, favors studies in confining media and such investigations 
have long tradition in the study of the dynamics of atoms or small molecules in confinement. 
Here we will concentrate on recent results in the field of glass transition. 
Glass forming substances are investigated within spatially confining materials for exploring 
the possible existence of a relevant spatial length scale, like a suspected correlation length 
which might exist for the structural relaxation process of undercooled glass forming liquids. 
Porous systems can impose an upper bound to the correlation length in 3D and thin films in 
2D. Due to this restriction a change in Tg had been reported early by calorimetry and an 
acceleration in dynamics has been detected by dielectric spectroscopy. 
Several studies were carried out over the last few years employing inelastic neutron scattering 
on different confined glass forming systems. New confinement effects were detected onto the 
low frequency vibrations of Salol in Controlled Pore Glasses (CPG) [1] and these were also 
found recently for two polymers [2] (PDMS and PMPS in CPG). Neutron time-of-flight and 
backscattering experiments also revealed the importance of competitive wall effects [2], 
which lead to a slowing down of the ns – ps time scale dynamics in small pores. The study of 
the surface interactions, of the pore geometry and the effect of different confining matrices on 
the same molecule is pursued in more detail by new TOF, backscattering and neutron spin 
echo experiments on toluene and OTP, enclosed in the mesoporous silicates SBA-15 and 
MCM-41 which underwent different surface treatment [3]. The importance of possible density 
changes in confinement had been shown by neutron diffraction and SANS on liquid benzene 
and on toluene in mesopores[4]. First inelastic neutron scattering measurements have been 
attempted on thin freely standing polystyrene polymer films [5]. 
 
 [1] Zorn, R.; Richter, D.; Hartmann, L.; Kremer, F.; Frick, B., J. Phys. IV 10, (2000), 83 

and Zorn, R.; Hartmann, L.; Frick, B.; Richter, D.; Kremer, F., J. Non-Cryst. Solids 
307, (2002), 547-554. 

[2] Schönhals, A.; Goering, H.; Schick, C.; Frick, B.; Zorn, R., MRS Proceedings 2004, 
and Schönhals, A.; Zorn, R.; Frick, B., Prog. in Polymer & Colloid Science, submitted 

[3] Alba-Simionesco, C.; Dosseh, G.; Dumont, E.; Frick, B.; Geil, B.; Morineau, D.; 
Teboul, V.; Xia, Y., EPJ E 12, (2003), 19 and unpublished data. 

[4] Morineau, D.; Xia, Y. D.; Alba-Simionesco, C., JCP 117, (2002) 8966; Morineau, D.; 
Alba-Simionesco, C., JCP 118, (2003), 9389. 

[5] B. Frick, Dalnoki-Veress, K; Forrest, J. A.; Dutcher, J. et al., EPJ E 12, (2003), S93. 
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The dynamic and static features of super-cooled liquids and glasses are distributed over a very 
wide time and spatial scales and occur in a broad temperature range. Although the phenomena 
of glass transition are investigated experimentally and theoretically for a long time it is still 
not completely understood. The dramatic increase of the relaxation times with decreasing 
temperature over more than 14 decades between the melting and the glass transition 
temperature can be most naturally interpreted assuming a cooperative behavior of the relevant 
molecular motions. The extent of this cooperativity - characterized by a correlation length ξ - 
is assumed to increase with decreasing temperature. The question is if there is experimental 
evidence for such a length scale related to those molecular motions, which are responsible for 
the glass transition. The relevance of such a length scale can be indirectly proven by 
investigating the behavior of molecules confined to hosts with confining dimensions on the 
nanometer scale since ξ cannot exceed the pore size. 
By combining a variety of experimental techniques like inelastic incoherent neutron 
scattering, temperature modulated differential scanning calorimetry, pulsed field gradient 
NMR with broadband dielectric spectroscopy the molecular dynamics of several polymer 
systems like poly(propylene glycol), poly(dimethyl siloxane) and poly(methyl phenyl 
siloxane) confined to nanoporous glasses with mean pore sizes between 2.5 nm and 20 nm is 
investigated. By this combination of techniques a time scale from 10-12 s to 104 s can be 
covered experimentally. 
The experimental results reveal that the molecular dynamics of polymers in confining space is 
determined by a counterbalance of an adsorption and a confinement effect. The former leads 
to a slowing down of the molecular dynamics whereas the latter points to a relevance of an 
inherent length scale of the molecular motions responsible for glassy dynamics. The relevance 
of a characteristic length for glass transition is further supported by a change in the 
temperature dependence from a Vogel/Fulcher/Tammann behavior to an Arrhenius-like one 
found for the siloxane polymers as well as by the strong decrease of the step of the specific 
heat capacity at the glass transition with decreasing pores size. Inelastic neutron scattering 
experiments show that also the microscopic properties like the vibrational density of states 
and the fast dynamics are influenced by the nanometer confinement. 
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Glass forming liquids show deviations from their cooperative bulk-dynamics (finite size 
effects) when they are geometrically confined to dimensions comparable to the correlation 
length, ξ, of the glass transition dynamics. This idea has stimulated research activities on 
supercooled fluids in confinement in the past ten years with the aim to improve our 
understanding of the glass transition, particularly by determining ξ for various glass forming 
systems. Dispite the structural diversity among glass formers, typical cooperativity lengths in 
the order of 2 < ξ < 5 nm were found for both polymeric and low molecular mass systems.  
The present lecture tries to identify experimental manifestations of the "true" finite size effect, 
i.e. deviations in the glass transition dynamics exclusively due to changes in the size of the 
dynamically correlated molecular ensemble, in both H-bonded low molecular mass glass 
formers and ultrathin polymer films. 
In the first part of the lecture we will adress two examples for ultrathin layers of H-bonded 
liquids. Mesogenic nitrostilbene diols that form smectic layer structures with composition 
dependent layer spacing represent a "natural" layer confinement for a H-bonding 2D glass 
forming liquid. Depending on the layer spacing L, a systematic cross-over between VFT and 
Arrhenius behaviour, induced by a variable temperature was found. Next we discuss a novel, 
alternative approach to determine ξ, which relies on the variation in the confinement length 
under real-time conditions. This idea was implemented by in-situ dielectric spectroscopy 
measurements on ultrathin during layers of glycerol and sorbitol during molecular beam 
deposition, the first results of which will be given. 
The second part of the lecture is devoted to ultrathin polymer films that are a particularly 
attractive model system for which spectacular glass transition reductions (up to 70 K for PS) 
have been reported. Although finite size effects certainly play a role in these impressive Tg 
effects, there are not many convincing cases for ultrathin polymer films, where other 
dominant mechanisms affecting Tg, e.g. chain confinement, can be ruled out. Chain 
confinement effects are expected when polymer chains as a whole are confined to a geometry 
with L < 2Rg (Rg = radius of gyration). Although Rg is not directly linked to ξ, such a link can 
be established via changes in the conformational and orientational state of the monomer units 
across the whole polymer film. These effects will be discussed together with non-equilibrium 
features of the preparation of thin glassy films by spin coating.  
Finally, thickness effects on the glass transition in ultra-thin polystyrene films (3 < L < 200 
nm) will be presented and discussed in the context of a layer-like mobility profile, being a 
specific feature of PS films. This model suggests the existence of a dynamically distinct 
surface layer with Ls ~ 2 nm, which will be interpretated in terms of a dynamic correlation 
length ξ and static structural heterogeneities.  
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In glassy materials it is well-known that very slow relaxation toward equilibrium state has 
been observed below the glass transition temperature Tg. This slow relaxation is called aging 
and is an important common property characteristic of disordered materials such as spin 
glasses, orientational glasses, and polymer glasses. The investigations on such disordered 
systems revealed that there are memory and rejuvenation effects during the aging process.   
In this study, we measured time evolution of the complex electric capacitance of poly(methyl 
methacrylate) (PMMA) films during aging process by using dielectric relaxation spectroscopy 
in order to investigate relaxation dynamics of non-equilibrium states including the memory 
and rejuvenation effects. Figure 1 shows C''-C''ref at 20 Hz as a function of the aging (wating) 
time during the following temperature cycle: after annealing above Tg the system is quenched 
to T1=374.2K so that the temperature reaches T1 at t=0. Between 0 and t1 the system is kept at 
T1, and at t=t1, the system is cooled down to T2=354.6K. Then, at t=t1+t2 the temperature is 
returned from T2 to T1 again. Here, C'' is the imaginary part of complex electric capacitance 
and C''ref  is that of the reference capacitance measured during cooling process at a rate of 0.5 
K/min. As the time elapses, C'' decreases, in other words, the system is aged toward 
equilibrium state. At t=t1, C'' changes rapidly to the reference value at T2 and then begins to 
decrease to the equilibrium value at T2. However, at t=t1+t2 C'' goes back quickly to the value 
which C'' has reached at t=t1 and then begins to decrease as if there were no temperature 
change during aging process at T=T1. This result implies that a perfect memory effect of aging 
dynamics exists and that the relaxation dynamics of aging process at T1 is totally independent 
of that at T2. Furthermore, the reinitialization at t1 can be regraded as rejuvenation of the 
system. In this presentation, the dependence of memory and rejuvenation on T1-T2 and the 
thickness dependence of aging phenomena will be shown and discussed compared with the 
model used in spin glasses.  

Fig. 1: Time dependence of the imaginary component of complex electric capacitance 
subtracted by the corresponsing reference value during the temperature cycling T1 → T2 → T1 
for thin films of PMMA with thickness of 26 nm. 
 
[1]  J-P. Bouchaud, in ‘Soft and fragile matter’ edited by M.E. Cates and M.R. Evans, 

(IOP publishing, 2000) p.185. 
[2]  L. Bellon, S. Ciliberto and C. Laroche, Eur. Phys. J. B25 (2002) 223. 
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For thin spin-coated polystyrene (PS, Mw = 700 Kg/mol) films (prepared in a sandwich 
geometry between two Aluminum electrodes) we investigate a pattern formation manifesting 
itself in changes of the initial flat sample geometry when annealing at temperatures above the 
glass transition temperature Tg. In this contribution we report a direct experimental evidence 
that the pattern formation phenomenon is caused by an enhanced thin film mobility, which is 
induced by adsorption of water vapor from the ambient atmosphere: 1) AFM measurements 
(Fig. 1) reveal that the deformations of the sample geometry, observed at 180 C under air flow 
(15 % relative humidity), do not take place in a water-free atmosphere  (under dry nitrogen 
flow or in vacuum); 2) the changes in the sample geometry (Fig. 1) result in a continuous 
increase of the capacitance (under air flow), while under water-free conditions the sample 
remains stable (Fig. 2). 
Similar effects are found for other polymers (PMMA, PIP, PDMS etc.), emphasizing the 
impact of the ambient atmosphere, specifically the water uptake, on the mobility of thin 
polymer films - this factor did not receive perhaps enough attention in many recent studies. 
  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
[1] K. Dalnoki-Veress, G.B. Nickel, and J.R. Dutcher, Phys. Rev. Lett. 82, 1486 (1999) 
[2] J.A. Forrest, Eur. Phys. J. E 8, 261 (2002). 

Fig. 2 The evolution in time of the sample 
capacitance for a thin PS film of 35 nm 
measured at 180 C and 0.1 MHz under air 
flow (15% RH) and under dry nitrogen 
flow. 

Fig. 1 The surface profile of the upper Al 
electrode by Atomic Force Microscopy for 
a thin PS film (96 nm) after 3 hours of 
annealing at 180 C under dry nitrogen flow 
and under air flow (15% RH). 
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Dielectric spectroscopy was used to study the influence of layer thickness of confined liquid 
crystal  (with different orientation of molecules at pore walls) on relaxations due surface 
induced polarization and due to molecular reorientations as well as on phase transitions. 
Layers of different thickness are formed on the pore walls as a result of controlled 
impregnation of porous matrices with 8CB from solutions of different LC concentration. We 
used as matrices Anapore membranes with cylindrical pores 200 nm in diameter. 
Low frequency measurements provided information on the relaxation of surface polarization 
that arose at LC – pore wall interface. The relaxation of surface induced polarization at the 
liquid crystal – solid pore wall interface has been observed for confined 8CB. This relaxation 
was slower for confined liquid crystal with axial boundary conditions than for that with a 
radial orientation, suggesting that the mobility of molecules in surface layers was strongly 
affected by boundary conditions – Fig. 1. 
The dynamics of molecular reorientations were investigated in high frequency experiments. In 
samples with axial orientation of molecules, the dielectric mode due to reorientation of 
molecules around their short axis was investigated. The homeotropic alignment of molecules 
facilitated the investigation of the librational mode. The behavior of this mode was different 
from the behavior observed in investigations of relaxation due to reorientation of molecules 
around their short axis. Broadening of the dielectric spectra was observed in confined LC. The 
broadening increases with decreasing liquid crystal layer thickness. These experiments help to 
clarify the role of the surface layers in the physical properties of geometrically restricted 
liquid crystals. 

 
Fig. 1 Low frequency dielectric spectra for 8CB confined in 200 nm cylindrical pores at 300.1 
K:  1- axial orientation, 2- radial orientation. Symbols – experiment, solid lines – fitting 
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Nano-science is defined to cover the spatial range 1 to 100 nm, classically addressing the so-
called meso and nano-scopic range. It is essential that measurements of the physical 
properties, chemistry and structural and functional characteristics of nano-systems are 
performed at length scales commensurate with the objects of interest. This is particularly 
important in understanding nanoscopic structure-property relationships in nano-materials.  It 
is also important, but not essential, when examining macroscopic nano-systems and nano-
composite materials.  
This paper will review a number of nanoscopic and mesoscopic measurement methods within 
the authors own experience and others taken from the literature to illustrate the wide range of 
quantitative measurements that are now possible. Examples are taken from the wide range of 
electron microscopy and associated techniques including electron energy loss spectroscopy. 
Scanning probe methods will also be discussed including the ubiquitous atomic force 
microscope and related methods such as electrostatic force microscopy and near field 
scanning optical microscopy. Reference will also be made to dip pen methods for the 
generation of nano-structures, which are amenable to physical property measurement in 
addition to device construction. 
The paper will conclude with a consideration of some of the challenges in the study of nano 
and meso dielectrics.    
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Starting in the 1950’s at Harvard with Bright Wilson as his graduate supervisor, Daniel 
Kivelson had a brilliant career in scientific teaching and research, spent mostly at UCLA, that 
ended with his death in January 2003. We celebrate the life of an outstanding physical 
chemist whose contributions ranged from deep theories of quantum spectroscopies to 
experiments such as electron paramagnetic resonance (EPR) and laser scattering of liquids. In 
the 1950’s at Harvard, MIT, Saclay and then at his career faculty post at UCLA he developed 
QM theories for the microwave spectra of small molecules, e.g. methylamine, allowing bond-
parameters and barriers to internal rotation to be determined with high accuracy.  In the early 
1960’s he developed QM theories of the EPR spectra of free radicals and transition metal 
complexes, carried out essential experiments, which showed how their multiplet-line spectra 
with hyperfine splittings arose, giving new information on molecular structure and bonding.  
He showed how relaxation times τ0(T) for molecular reorientational motions (MRM) could be 
determined from detailed analyses of the line-widths in EPR spectra.  These highly-cited 
works gave him an international reputation in the subject.  They also sparked his interest in 
the nature of MRM in liquids.  In the early 1970’s he took up laser quasi-elastic light 
scattering (QELS) and made numerous studies of liquids into the 1980’s.  Using Kubo-
Zwanzig time-correlation functions (TCFs) he developed powerful theories for QELS and 
MRM and hence, using QELS data, evaluated τ0(T) in the nano-pico second range for 
molecular liquids.  In parallel researches he developed, with PA Madden, theories of 
dielectric relaxation (published as a major review in 1984) and made molecular dynamics 
simulations of liquids with MP Allen and GT Evans at UCLA.  From the mid-1980’s on he 
focussed his researches on his greatest and most-lasting interest - relaxations in supercooled 
liquids, where τ0(T) increased by orders of magnitude as the glass temperature Tg was 
approached.  His many theoretical contributions in the past twenty years on this subject 
sought to explain :- super-Arrhenius behaviour of τ0(T), stretched-exponential TCFs, the 
Kauzmann paradox, bifurcation of α,β processes etc, in terms of thermally-activated 
molecular processes in ‘frustration-limited domains’.  He favoured a process of thermal 
activation for the Tg process and argued against free-volume and mode-coupling theories; he 
gave support for ‘polyamorphism’ and ‘fragility’ in liquids near Tg and discovered a ‘glacial 
form’ for a supercooled liquid.  His new researches found a welcome forum at the 
International Meetings on ‘Relaxations in Complex Systems’ organised by Ngai and 
coworkers.  His exceptional talents for research were recognised through the accolades of 
Guggenheim, A.P Sloan and NSF Fellowships and the APS Langmuir Prize in Chemical 
Physics; for his teaching at UCLA by the ACS California Section Award and UCLA’s 
Distinguished Teaching Memorial Award.  His fine achievements in research and teaching 
came with apparent ease through his scientific abilities, friendly personality, boundless 
enthusiasm and eternal optimism.  We shall miss him.     
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Dielectric relaxation spectroscopy is an ideal technique for measuring the dynamics in 
supercooled liquids, polymers, glasses, and other disordered systems. The advantageous 
features of dielectric methods are the extremely wide frequency or time range combined with 
the high sensitivity regarding dipole and ion motion. Although research based on dielectric 
methods has provided a tremendous amout of invaluable information, additional experimental 
approaches are required in order to arrive at a more complete understanding of the dynamics 
of molecules on the microscopic level. 
In recent years, many of the questions related to the dynamics of viscous materials involve 
details of molecular rather than macroscopic behavior. Examples are : dynamic heterogeneity, 
nanoscale materials, interfacial dynamics, single molecule motion, translation-rotation 
decoupling, etc.. In order to fully exploit the advantages of combining different techniques, 
we need to understand how they are related. In particular, there are various ways of measuring 
the signatures of structural relaxation, but single particle versus collective quantities, different 
projections of rotational correlation functions, probe sensitized versus bulk dynamics, and 
other differences can complicate the situation significantly. 
This talk attempts to take a critical look at the possibilities and limitations of dielectric 
relaxation spectroscopy. Examples of combining different techniques and adding new 
variables will be discussed. Emphasis will be on those cases which provide better insight into 
the dynamics on the molecular scales. The final step is to relate the microscopic features to 
the material properties on the spatial scale of the sample of interest. The two figures illustrate 
examples where nanoscale dynamics are becoming relevant. 
 

 

PG
Tg=170K

AOT
DHN

Tg = 135 K
 

Fig. 1  Rotational motion of probe molecules 
embedded in a supercooled liquid with non-
exponential overall dynamics. The probe size 
dependence in the above situation challenges 
our understanding of microscopic dynamics 
[1]. 

Fig. 2  Example of a liquid (propylene glycol, 
PG) confined to a droplet of 4.6 nm and 
suspended in a more fluid liquid (decalin, 
DHN). Unlike confinement to porous glass, 
PG in these microemulsions is faster than the 
bulk [2]. 

 
[1] R. Richert, J. Phys.: Condens. Matter 14 (2002) R703. 
[2] L.-M. Wang, F. He, R. Richert, Phys. Rev. Lett. 92 (2004) 095701 
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We have performed complex permittivity measurements on some glass-forming materials 
(PVC, PET, PS) with film and powder configurations by means of a broadband dielectric 
spectroscopy method [1] in the frequency range from 100MHz to 10GHz. Dielectric tan δ has 
been evaluated with resolution as low as 0.001 over the frequency range. Typical thickness d 
of the films is 100µm. On the other hand, granular specimens were broken into powders by 
using planetary bowl mill with liquid N2. Average size of diameter D of the powder is 100µm. 
Frequency dependence of dielectric tan δ of a PVC film (d=100µm) at several temperatures is 
shown in Fig.1. It should be noted that tan δ is almost proportional to dielectric loss ε" in the 
temperature range used in this work. It is clear that value of tan δ depends on both frequency 
and temperature. At each temperature, the value of tan δ follows tan δ = f ν  with 25.0=ν .  
On the other hand, the value of tan δ increases in the entire frequency range. We found tan δ 

( )fTTAexptan =δ  with A=0.0004 and fT =100K. All these results indicate feature of nearly 
constant loss (NCL) [2]. Figure 2 shows similar data for a powder sample (D=99µm). In this 
case, tan δ doesn’t follow tan δ = f ν . This is due to effect of lower frequency relaxation 
process. The value of Tg of the powder would be lower than that of the film. It should be 
pointed out that the values of tan δ at higher frequencies are not affected so much by the lower 
frequency process. In such frequency range, we again found ( )fTTAexptan =δ . However, 
the parameters for the powder, A=0.00002 and fT =50K, are different from those for the film. 
Several works on NCL studied by dielectric measurements below 100kHz have been reported 
so far [3]. We have shown that the NCL exists at microwave frequencies up to 10GHz.  This 
suggests NCL range runs to the foot of boson peak. It must be important to study the NCL to 
understand not only the glassy material but also the glass transition phenomena. 

 Fig.1 tan δ of PVC film Fig.2 tan δ of PVC powder 
 
[1]  J. Obrzut, N. Noda and R. Nozaki, 2001 Annual Report on IEEE Electrical Insulation 

and Dielectric Phenomena, 269-272 (2001); J. Obrzut, N. Noda and R. Nozaki, IEEE 
Trans. Instrum. Meas., 51 (4), 829-832 (2002). 

[2] K. L. Ngai, J. Chem. Phys., 110(21), 10576-10584 (1999). 
[3] C.M.Roland et.al., Macromolecules, 37(7), 2630-2635 (2004); J. Wiedersich et.al., J. 

Phys.: Condens. Matter, 11, A147-A156 (1999). 



 50 

Nonlinear dielectric investigation for the nanofilms of ferroelectric 
polymers 

 
Takeo Furukawa, Takashi Nakajima, Yoshiyuki Takahashi 

 
Tokyo University of Science, Tokyo, Japan 

e-mail: tfurukaw@rs.kagu.tus.ac.jp 
 

Copolymers of vinylidene fluoride (VDF) and trifluoroethylene (TrFE) exhibit various 
nonlinear dielectric phenomena associated with their ferroelectricity. We developed an 
experimental system, which allows nonlinear dielectric measurements in both frequency and 
time domains. The application of a relatively high sinusoidal electric field and the detection of 
the fundamental and higher harmonic electric displacements lead to determination of the 
linear and nonlinear permittivities, which characterizes the nature of the ferroelectric-to-
paraelectric transition. The use of a very high sinusoidal electric field yields the conventional 
DE hysteresis loop. The superposition of the high-frequency low-amplitude electric field on 
the low-frequency high-amplitude one generates the inverse-butterfly-type ε-E hysteresis 
loop. The time domain measurements of polarization reversal using a step-wise electric field 
provide information about the dynamical aspect of polarization reversal. The switching time 
becomes shorter with increasing electric field strength according to an exponential law. 
We conducted a series of nonlinear dielectric measurements for the 10-1000 nm thick films of 
VDF(75)/TrFE(25) copolymers spin-coated onto a glass substrate. Ferroelectric switching 
characteristics were shown to be strongly affected by the thickness especially around 100nm. 
In this paper, we focus our attention to the new switching measurement, which uses a train of 
electric field pulses with duty cycle one. As shown in Fig. 1, polarization reversal progresses 
forward and backward repeatedly and finally completes for the pulse width much shorter than 
the switching time. The apparent switching time becomes longer being inversely proportional 
to the pulse width. These results differ from the case of the linear dielectric relaxation process 
in that one half of polarization change occurs with a doubled relaxation time being 
independent of the pulse width. The analysis of the response signal provides further 
information about the switching process. The envelope of the switching curve at the Eoff 
period provides the time evolution of the true ferroelectric polarization reversal, which clearly 
demonstrates the separated nucleation ad growth processes. 
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Fig. 1  Switching transients for a VDF(75)/TrFE(25) thin film under a 120MV/m pulse train. 
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Inspired by many examples in nature (wood, bone, sponges, etc.), foamed materials have been 
designed, manufactured and applied in various fields, e.g. for thermal, mechanical, and 
electrical insulation. Recently, internally charged polymer foams were developed as so-called 
ferroelectrets with exciting fundamental and applications-relevant properties [1]. 
Materials and processing requirements: 
The initial route to ferroelectrets was found by trial and error, but later work has concentrated 
on understanding and optimizing the various features required for a good ferroelectret. 
Essential requirements are listed in the Table. Very recently, the elastic properties of 
ferroelectrets and their control have become a major focus of attention [2]. 
 
Requirement 
 

Implementation 
 

Essential Features 
 

Comments 
 

Charge separation 
(Dipole “length”) 

Foaming/voiding 
of polymer 

Suitable morphology 
and nanoparticles 

Fine tuning of 
process required 

Reversible deform- 
ation of dipoles 

Shape, size, and 
stability of voids 

Elastic moduli of 
polymer and gas 

“Inflation” for 
precise adjustment 

Internal charging 
(Dipole “poling”) 

Micro-plasma 
barrier discharges 

Paschen conditions 
(pressure, gas, size) 

Improvement with 
N2, N2O, CO2, SF6 

Quasi-permanent 
charge trapping 
 

Thermally stable 
electret polymer 
 

Extremely low 
charge mobility 
 

Under development 
(“work horse” PP) 
 

 
Dielectric resonance measurements: 
Dielectric spectroscopy can be employed for exciting piezoelectrical resonances in 
ferroelectrets [3]. This in-situ method is sensitive to small temperature- or time-dependent 
changes in the elastic modulus c33 and the piezoelectric thickness coefficient d33. From a 
single measurement of the frequency-dependent complex dielectric function, several 
mechanical, electromechanical and electrical parameters of a sample can be determined. The 
technique is particularly useful for very soft materials such as porous amorphous Teflon AF. 
It has, for example, been used to assess the stability of ferroelectret films under UV 
irradiation or in humid environments [3]. 
 
[1] S. Bauer, R. Gerhard-Multhaupt, and G. M. Sessler, “Ferroelectrets: Soft Electroactive 

Foams for Transducers”, Physics Today 57 (2), 37–43 (February 2004). 
[2] M.Wegener, W. Wirges, R. Gerhard-Multhaupt, M. Dansachmüller, R. Schwödiauer, 

S. Bauer-Gogonea, S. Bauer, M. Paajanen, H. Minkkinen, J. Raukola, “Controlled 
inflation of voids in cellular polymer ferroelectrets: Optimizing electromechanical 
transducer properties”, Appl.Phys.Lett. 84, 392–394 (2004); see also: O. Voronina, M. 
Wegener, E. Tuncer, W. Wirges, R. Gerhard-Multhaupt, “Ferroelectrets: Adjustment 
of dipole size by means of controlled void inflation and its influence on dielectric 
resonances and electromechanical properties”, This IDS & DRP conference (2004). 
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[3] A. Mellinger, “Dielectric Resonance Spectroscopy: A Versatile Tool In the Quest for 
Better Piezoelectric Polymers”, IEEE Trans.Diel.Electr.Insul. 10, 842–861 (2003). 
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Broadband dielectric relaxation spectroscopy is widely used for the investigation of 
conduction processes and molecular motions in soft matter physics [1]. An extension to the 
nonlinear regime provides additional information, for instance the determination of molecular 
dipole moments and densities [2]. In a nonlinear dielectric material, the displacement D is 
expanded in powers of the electric field E: 
 

( )...++++= 3
3

2
210 EEEPD εεεε  

 
where P is the permanent or frozen polarization in the material, ε1 is the linear dielectric 
function, and εn defines the n-th order nonlinear dielectric response. 
The second-order nonlinear dielectric coefficient ε2 is non-vanishing only in non-
centrosymmetric materials with a “permanent” polarization. In cellular ferroelectrets, it will 
be shown that the second order nonlinear dielectric coefficient is caused by piezoelectricity. 
In dipolar glasses with a frozen polarization, additional contributions arise from the linear 
piezo-optical and electronic electro-optical Pockels effect. Under adiabatic conditions, 
pyroelectric contributions must be also considered. 
Here we will report on investigations of the second-order nonlinear dielectric response of an 
internally charged cellular polymer, a polymethylmethacrylate guest host polymer doped with 
disperse red 1 chromophores, and a poly(styrene-maleic) anhydride/Disperse Red 1 P(S-MA)-
DR1 side-chain polymer. In cellular ferroelectrets, piezoelectricity causes the second-order 
dielectric nonlinearities, whereas in the guest-host and side-chain polymers, the second-order 
nonlinear dielectric response is dominated by the electronic electro-optical Pockels effect. 
The P(S-MA)-DR1 side-chain polymer reveals a dielectric nonlinearity ε2=120 pm/V after 
poling the polymer above the glass transition temperature with a poling field of 80 V/µm. The 
corresponding linear electro-optical Pockels coefficient of r=8 pm/V is in very good 
agreement with optical measurements at a wavelength of 1.5 µm on a sample poled with a 
poling field of 100 V/µm, yielding a Pockels coefficient of r=10 pm/V. The temperature 
dependence of the nonlinear dielectric function ε2, measured during heating the samples at 
heating rates between 0.25 °C/min and 4 °C/min agrees very well with the temperature 
dependence of the pyroelectric, piezoelectric and electro-optical Pockels coefficient. 
 
[1] F. Kremer and A. Schönhals (Eds.), Broadband Dielectric Spectroscopy, Springer, 

Berlin 2002 
[2] T. Furukawa, K. Nakajima, T. Koizumi, and M. Date, Jpn. J. Appl. Phys. 26, 1039 

(1987). 
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A non-invasive, continuous glucose monitoring system based on dielectric spectroscopy is 
described. It is well known, that glucose does not affect the dielectric spectrum of skin and 
underlying tissue directly in the MHz frequency band, and it is for this reason that its 
concentration cannot be measured directly. However, because of the specific reaction of blood 
and tissue cells to varying glucose concentrations, the electrolyte balance across cell 
membranes in blood and underlying tissue is changed. The dielectric properties of the tissue 
are sensitive to these subtle changes in electrolyte balance, which is related to changes in the 
glucose level. By varying frequencies in the radio band over a specific range, optimized to 
measure the impact of glucose on the impedance pattern, changes in the glucose 
concentrations can be monitored. 
In order to prove the applicability of this approach, a number of initial clinical-experimental 
studies with healthy subjects and patients with diabetes have been performed. The 
miniaturized continuous glucose monitoring device used in these studies has the size of a 
wristwatch, holding an open resonant circuit coupled to the skin and a circuit performing an 
impedance measurement. These initial studies, as a proof of concept for this novel non-
invasive monitoring approach, have shown a good correlation between changes in glucose 
and the sensor recordings. Further studies will continue to enhance our understanding of 
factors affecting the dielectric behaviour of skin and underlying tissue and changes due to the 
glucose levels. 
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Although ordering phenomena in liquids and polymers have been a research subject for long 
time there are several aspects that still remain controversial [1]. Mesophase formation and 
crystallization are two of the more studied ordering phenomena in soft condensed matter. 
Crystallization is a first order phase transition by which molecules self-assemble and form 
crystals. In high molecular weight materials, like polymers, due to the molecular connectivity, 
the crystallization is kinetically inhibited. Therefore polymers may develop a characteristic 
folded chain crystalline lamellar morphology at the nanometer level. The lamellar 
morphology consists of stacks of laminar crystals and amorphous regions intercalated 
between them. Neutron and X-ray scattering techniques can be used to obtain structural 
information including crystalline structure and distribution of crystalline lamellae. However, 
in this case, mostly information about the ordered regions is mainly obtained. The amorphous 
fraction of the material remains nearly "invisible" to these techniques due to the absence of 
order. To obtain a more complete information about the evolution with time of both, the 
ordered and the disordered phases, the combination of scattering and dielectric relaxation 
techniques can be very useful to seek for structure-dynamics relationships [2]. In this 
presentation an overview about recent applications of this experimental approach to the study 
in real time of crystallization in aromatic polyesters both in bulk [3] and structured in 
multilayers will be presented. Additionally an extension of the technique to study 
crystallization in liquids will be shown. The roll of the hydrogen bond network on 
crystallization of alcohols will be discussed [4].  Finally, experiments combining dielectric 
spectroscopy with medium and wide angle X-ray scattering in some aromatic liquid 
crystalline polymers during the isotropic to smectic phase transition will be described.  
 
[1]  J-U. Sommer, G. Reiter Eds. Polymer Crystallization, Observations, Concepts and      
       Interpretation. Lecture Notes in Physics, Springer: Berlin 2003. 
[2]  I. Sics, A. Nogales, T.A. Ezquerra, Z. Denchev, F.J. Baltá-Calleja, Rev. Sci. Instrum., 

71,1733 (2000). 
[3] C. Alvarez, I. Sics, A. Nogales, Z. Denchev, S.S. Funari, T.A. Ezquerra,       
 Polymer,45, 3953, 2004. 
[4]  A. Sanz, A. Nogales, M. Jiménez-Ruiz, D. Martín-Marero, Phys. Rev. Lett. (In press). 
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During the course of addition polymerization to a linear chain or network structure, a liquid 
vitrifies isothermally as its viscosity increases and volume, enthalpy and entropy decrease. In 
real-time dielectric measurements, (i) εs decreases and ε∞ increases, (ii) the relaxation strength 
of the process observed initially in the GHz frequency range attenuates to a vanishingly small 
value, persists as the γ-relaxation process, and its characteristic time does not change, (iii) two 
new relaxations, named the α-, and the β-processes, evolves at lower frequencies, (iv) the 
characteristic time of the α-process rapidly increases until the liquid vitrifies isothermally and 
its relaxation strength decreases, and the distribution of the α-relaxation times increases, (v) 
the characteristic  time for the β-process, does not change significantly and its relaxation 
strength grows, and (vi) the dc conductivity tends to approach zero as gelation is reached. 
Changes (i) - (v) observed during polymerization are remarkably similar to those observed on 
cooling a chemically stable liquid whose dipolar orientational correlation decreases with 
temperature, and in which α-relaxation evolves from the β-relaxation at the Donth 
temperature. Thus an increase in the number of covalent bonds has manifestly the same 
dielectric effect as a decrease in the thermal energy. The two effects may be compensated by 
heating a polymerizing liquid at a certain rate so that either the α-, and β-processes do not 
evolve or they evolve to a certain extent and then their features remain constant. These 
observations and the underlying mechanism are useful for a single step thermal treatment in 
producing and shaping a polymer product. 
 
 
[1] Chem. Phys. 223, 313 (1997); 237, 345 (1998). 
[2] J. Chem. Phys. 103, 440 and 7611 (1995); 104, 5683 (1996); 105, 10621 (1996); 110, 

10599 (1999);113, 6957 (2000). 
[3] J. Chem. Soc. Faraday Trans. 93, 2303, 4025 (1997); 94, 1293 (1998). 
[4] J. Phys. Chem. B, 103, 3997 (1999); 105, 11035 (2001). 
[5] J. Phys. Condensed Matt. 9, 7017 and 10521 (1997). 
[6] J. Polym. Sci. B, Polym. Phys. 31, 299 (1993); 35, 437 (1997); 36, 303 (1998);  38, 

122  (2000). 
[7] Phys. Chem. Chem. Phys. 1, 1965 and 2997 (1999).  
[8] Macromolecules,  21, 231 (1997). 
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The assessment of the cure of thermosets is important for process and quality control in the 
manufacture of composite components and adhered structures, particularly in the automotive 
and aerospace industries. The final properties of a thermoset depend greatly on the particular 
cure schedule it has been subjected to. It has been shown that ultrasonic spectroscopy can be 
used to follow the macromolecular development of a thermoset and identify the property 
changes that occur due to changes in the process conditions. As a NDE technique it could 
easily be applied in an industrial environment, however, the interpretation of the bulk 
properties measured by ultrasound in terms of the molecular structure is still at an early stage.  
Dielectric cure monitoring techniques on the other hand, allow more detailed analysis of the 
solidification process, especially since the measurement bandwidth is significantly greater 
than for the ultrasonic technique.   
In this paper we utilize the time-temperature-transformation (TTT) diagram as a generic 
format for cure monitoring data. The cure process of a typical epoxy-amine adhesive has been 
studied over a wide range of temperatures using both ultrasonic and dielectric techniques.  
Data from both methods have been mapped onto TTT diagrams to enable close comparison to 
be made between the mechanical and electrical property changes during cure. The 
equivalence between the mechanical and electrical phenomena observed will be discussed.  
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Existence and formation of pre-ordered structures as the initial step of polymer crystallization 
are discussed controversially. Most of the findings and interpretations are based on scattering 
experiments, which test small density differences between the assumed precursors of the 
crystals and the surrounding melt. Because of the low contrast the interpretation of 
experimental results becomes often speculative. Contrary relaxation experiments are probing 
motions in the sample and are therefore independent on density contrast. During 
crystallization material is transformed from the liquid to the solid state. Consequently, 
motions (fluctuations) typical for a liquid become impossible and do not longer contribute to 
the measured relaxing signal. For pre-ordered structures we expect some decrease in mobility 
too because of the changes in conformation on pre-ordering. On the other hand due to the 
formation of regions with different order new internal surfaces will be formed. At such 
surfaces Maxwell-Wagner-Sillars charge carrier relaxation may occur and contribute to the 
measured dielectric signal.  
We have studied the complex permittivity of polycaprolactone (PCL) during non-isothermal 
and isothermal crystallization in the frequency range from 0.01 Hz to 10 MHz. 
In Fig. 1 the results of an isothermal crystallization experiment of PCL are shown. A decrease 
in the real part of the dielectric permittivity with time is observed for the high frequencies. 
This decrease takes place simultaneously to the decrease of the amorphous fraction. For the 
low frequencies first an early increase before crystal formation, followed by a maximum, is 
observed. This behaviour can be explained by the superposition of Maxwell-Wagner-Sillars 
relaxation at new internal surfaces prior crystal formation (increase of ε’ at early times) and 
the decrease of mobility during crystal formation (decrease of ε’). 

Fig. 1 Time dependence of the real part of permittivity during isothermal crystallization of 
PCL (5 mm sample thickness) at 52°C at different frequencies between 0.02 Hz and 
1.6*106 Hz. It decreases at all times with increasing frequency, as indicated by the arrow. 
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Main feature of ferroelectrics is the long range interaction of dielectric dipoles (elementary 
ferroelectric dipoles) resulting in long range ordering and in the spontaneous polarisation 
which can be switched by the external electric field. This fact implies that dielectric properties 
of ferroelectrics are mainly determined by a collective response of interacting dipoles which 
substantially differs from the response of non-interacting dielectric dipoles. 
This review will mainly be devoted to the characterisation of the dielectric response of proper 
ferroelectrics where the correlation length (i.e. the range of interaction) is assumed to diverge 
at the paraelectric-ferroelectric phase transition. It will be focus on so called order-disorder 
type ferroelectrics where the dielectric response near phase transition can be studied in the 
MHz range.  
A typical dielectric response of a order-disorder type of ferroelectrics will be shown taking 
the (CH3NH3)5Bi2Br11 and  (CH3NH3)5Bi2Cl11 crystals as examples.  The crystals exhibit both 
the collective and non-correlated dipole dielectric responses. They are of monodispersive 
Debye or near Debye (Cole-Cole) type but differ in the temperature behaviour of their 
relaxation times. The collective response shows the critical slowing down at the phase 
transition (the relaxation time tends to infinity), whereas the response of non-correlated 
dipoles is thermally activated and shows an Arrhenius behaviour without singularity at the 
transition. Such an “ideal” dielectric behaviour is confirmed for many ferroelectrics of the 
order-disorder type and some examples will be presented. 
The dielectric response of ferroelectrics strongly depends on the distance on which the 
elementary dipoles are correlated. It is why the dielectric response of ferroelectrics is very 
sensitive to lattice imperfections which destroy the translational symmetry of the lattice and 
shorten the correlation length. Also, ferroelectric domain walls can be treated as extended 
lattice defects. The influence of defects, therein that of domain walls, on the dielectric 
response of ferroelectrics will be discussed. 
In the case of displacive type ferroelectrics, where the paraelectric-ferroelectric phase 
transition is due to softenig of a lattice phonon mode (ferroelectric soft mode), the dielectric 
response is of resonant type and lies in sub-millimetre and far infrared range, beyond classical 
“broadband dielectric spectroscopy”. In many cases, however, the low frequency dielectric 
permittivity prevails the soft mode dielectric contribution and the relaxational dielectric 
response from dynamic polar clusters in lower frequency range is observed. An example of 
tris-sarcosine calcium chloride and some other ferroelectrics showing such kind of cross-over 
(displacive to order-disorder) behaviour will be discussed.  
Finally, the structure of the dielectric spectrum (composition of the dielectric response at 
various temperatures) for both cases of ferroelectrics will be presented.  
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Liquid crystalline phases (LC) are situated between the solid crystalline (Cr) and the isotropic 
liquid states (I). They are formed by calamitic, disc-like and banana-shaped molecules. Phase 
separation on nanometer scale and the following self-assembling of small molecules can also 
result in a big number different mesophases. At the phase transitions Cr/LC, that between 
different LC phases and LC/I the entropy of the system increases in most of the samples 
stepwise. In the same way the dynamics, especially the reorientation about the short 
molecular axis increases, too. If now the organic molecules forming such phases exhibit 
dipole moments the dielectric method can be applied. From the change of the dielectric 
constants and the relaxation times valuable information about the short range arrangement of 
the molecules and about collective dynamics can be deduced. Especially the last processes are 
important for the differentiation between some phases (ferroelectric, antiferroelectric).  
Few problems will be discussed: 
How strong is the antiparallel correlation of the dipoles in the classical 4-cyanobiphenyls? 
There will be presented experimental data on oriented samples showing very strong reduction 
of the effective dipole moments parallel to the director (reorientation about the short 
molecular axis). The ”antiparallel” order in 4-cyanobiphenyls mainly deduced from model 
calculations in order to explain the result X-ray measurements will be critically discussed in 
the light of dielectric data.  
A play with molecules: destruction of the antiparallel order parallel to the director. Dielectric 
measurements prove the importance of steric interactions. 
Very slow dynamics: Reorientation about the short molecular axes in different crystal-like 
smectic phases - a direct prove of the increasing order with decreasing temperature.   
Classical ferroelectric/antiferroelectric behavior in banana-shaped liquid crystals. The 
importance of the steric interactions is directly seen in dielectric investigations perpendicular 
to the director. These effects are related to the hindrance of the reorientation about the long 
molecular axis.  
Fascinating effects in self-organized systems with phase separation on very low length scale. 
Small molecules form by two-fold self-organization interesting super-structures.  
In all the given examples molecules specially designed for dielectric measurements help to 
understand the complicated structural situation and the dynamics in mesophases.  
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Recent reports on the observation of colossal dielectric constants (CDCs) in CaCu3Ti4O12 
(CCTO) reaching values up to 105 [1] have generated considerable interest in this material 
and related compounds. However, shortly after the reports of the CDCs, their intrinsic nature 
has been questioned [2] and arguments have been put forth that extrinsic effects as 
contributions from the electrode/sample interface or from grain boundaries may be the 
sources of the giant dielectric constant. 
In the present work [3] the dielectric properties of CCTO were investigated in a broad 
temperature and frequency range extending up to 1.3 GHz. A detailed equivalent circuit 
analysis of the results and two crucial experiments, employing different types of contacts 
(Fig. 1) and varying sample thickness, provide clear evidence that the apparently high values 
of the dielectric constant in CCTO are non-intrinsic and due to electrode polarization effects. 
The intrinsic properties of CCTO are characterized by charge transport via hopping of 
localized charge carriers and a relatively high dielectric constant of the order of 100. 
 

 
 
Fig. 1  Frequency-dependent dielectric constant at room temperature of a CCTO sample [3], 
successively prepared with different contact types. The inset shows ε'(T) of Fe-doped 
ferroelectric BaTiO3 close to Tc, measured with silver paint and sputtered silver contacts. 
 
[1] C.C. Homes et al., Science 293, 673 (2001). 
[2] P. Lunkenheimer et al., Phys. Rev. B 66, 052105 (2002). 
[3] P. Lunkenheimer, R. Fichtl, S.G. Ebbinghaus, and A. Loidl, cond-mat/0403119. 
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Features of materials transforming easily into glass are now in the focus of interest of the 
condensed matter physicists [1]. Universality of several physical properties was observed for 
various kinds of supercooled liquids when approaching glass transition [2]. For organic low 
molecular weight glass formers the non-Debye structural α-relaxation decay and non-
Arrhenius temperature dependence of the relaxation rate are thoroughly studied as well as the 
appearance of the much faster β- relaxation. It seems that the polymorphism of solid state is 
also the common feature of these materials. Nucleation and growth of crystalline phases after 
heating a glass are still not well documented experimentally. In liquid crystalline materials the 
additional complexity, i.e., the appearance of a glass of the anisotropic phase may be 
expected. 
Dielectric relaxation studies of two chiral compounds [3,4], i.e. 4-(1- Methylheptyloxy)-4‘-
cyanobiphenyl (8*OCB) and isopentycyanobiphenyl (5*CB) with elongated molecules show 
no crystallization on cooling: for 5*CB a glass of cholesteric phase and for 8*OCB a glass of 
isotropic phase were obtained. On heating in each case a softening of the glass at about 220 K 
and then crystallization of C1 at about 250 K and melting at about 290 K were observed. 
Further studies by far infrared spectroscopy, inelastic neutron scattering and adiabatic 
calorimetry [5] show that for both substances melt of the observed crystal C1 transforms to 
another crystalline phase C2 which melts at higher temperature. Unexpectedly, it was found 
that higher temperature crystal C2, i.e. the stable one, is less ordered than the metastable C1 
one detected in the dielectric studies. Low temperature adiabatic calorimetry performed for 
8*OCB [6] has helped in understanding of this peculiarity. Estimation of the Gibbs energies 
for both crystalline phases points to the inversion of stability between C1 and C2 crystals at 
244 K. That means the crystal C2 melting at 294 K is stable in fact only in the temperature 
range above 244 K. Below that temperature the crystal C1 melting at 288 K becomes stable. 
So, the spectra observed at low temperatures concerned not the stable but the metastable C2 
crystal what justified a disorder there. It is interesting that no efforts allowed to find the C1 → 
C2. It is worth to note that due to positional disorder of molecules of opposite chirality the 
only solid form found for racemic mixture of 8*OCB was an isotropic glass. No 
crystallization was found as well when the isomeric sample was introduced into the nanosized 
pores. 
 
[1]  E.Donth, Glass transition, Springer- Verlag (2001) Berlin, Heidelberg, 1924. 
[2]  C.A. Angell, Science 267 (1995), 1924. 
[3] M. Massalska-Arodź, G. Williams, D. Thomas, W.J. Jones, R. Dabrowski, 

J.Phys.Chem.B 103 (1999) 4197. 
[4]  M. Massalska-Arodź et al, J.Chem.Soc., Faraday Trans. 94 (1998) 387. 
[5]  J. Sciesiński et al, IEEE Trans. on Die1ectrics and Elec. Insul. 8 (2001) 522. 
[6]  K. Saito, M. Massalska-Arodź, S. Ikeuchi, M. Maekawa, J. Ściesiński, E. Ściesinska, 

J. Mayer, T. Wasiutyński, M. Sorai, J.Phys.Chem.B (2004). 
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Real (ε’) and imaginary (ε”) parts of the complex dielectric permittivity (ε*) of liquid crystals 
(LCs) 4,4’-di-n-hexylazoxybenzene (D6AOB), isopentylcyanobiphenyl (CB15), and 4-n-
decyl-4’-cyanobiphenyl (10CB) dispersed with hydrophilic and hydrophobic Aerosils, were 
measured in the frequency range from 10 mHz to 1 GHz by means of dielectric spectroscopy. 
D6AOB is a weakly polar LC that forms only a nematic phase. CB15 consists of chiral 
molecules and has a monotropic system of phases N*, SmA upon supercooling and forms a 
glass further on, whereas, 10CB has a direct transition from isotropic to a smectic-A phase. 
Dispersing the LCs with Aerosil particles is useful for studying confinement effects and 
surface interactions between the inclusions and the LC molecules due to the presence of a 
high surface area of interaction and restriction in size in the LC-Aerosil systems. Bulk 
D6AOB has four molecular relaxation processes: two for the case in which the probing field 
is parallel to the director (parallel alignment) and other two for the case in which the director 
is perpendicular to the probing field (perpendicular alignment). In the isotropic phase of bulk 
CB15 a single Davidson-Cole process exists, which is due to the rotation of molecules around 
their short axes. In the supercooled N* phase a Cole-Cole process, an order of magnitude 
faster, is additionally present and is due to the rotation of molecules in a cone around the local 
director. The relaxation times of the process due to rotation around short axes obey the 
empirical Vogel-Fulcher-Tamman (VFT) equation typical for glass forming systems. 10CB 
has one relaxation process in the parallel alignment and a fast relaxation process exists in the 
perpendicular alignment. All molecular relaxation processes in D6AOB and 10CB have an 
Arrhenius like temperature dependence.   
The LCs were dispersed with different concentrations of hydrophilic aerosils above the 
gelation threshold ρs ~ 0.01 g/cm3, where ρs is the weight of the silica particles per cm3 of LC. 
The aerosil particles in the LC-aerosil system attach to each other via hydrogen bonding and 
form a three-dimensional interconnecting aerosil network. The aerosil particles thus divide the 
LC phase into small domains. LC dispersed with different concentration of hydrophilic 
aerosils lead to the emergence of a slow relaxation process in all the LCs studied that grows in 
strength with the increasing concentration of the aerosils. LC dispersed with hydrophobic 
aerosils was additionally prepared for comparison with the results of LC dispersed with 
hydrophilic aerosils. In such a dispersed system the slow process is quite weak or nearly 
absent. The slow process in the LC-hydrophilic aerosil system is thus attributed to the 
relaxation of the molecules that are homeotropically aligned close to the surfaces of the 
aerosil particles. The LC-aerosil surface interaction leads to a considerable slowing down of 
all the molecular processes. In the case of CB15 it is interesting to see that the slow process 
has an Arrhenius like temperature dependence of the relaxation times with an activated type 
of dynamics, which can be explained by considering a non-increasing rearranging region of 
cooperativity in surface layers. In the case of D6AOB dispersed with hydrophilic aerosils the 
bulk-like rotation around the short axis is modified significantly. It seems that this could be 
due to an overlap between the main bulk like process and a hindered rotation of molecules 
around their long axes for molecules that are oriented perpendicular to the probing electric 
field. This process is, however, merely affected for CB15 and 10CB. 
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We present a broadband dielectric spectroscopy study of Potassium Tantalate Niobate (KTN) 
crystals, doped with varying amounts of Cu ions [1]. The dielectric landscape in frequency 
and temperature is rich, with multiple processes in different temperature phases of the 
crystals. Of particular interest are the processes resulting from Cu and Nb ions in the 
paraelectric phase of the crystal and from Cu ions in the ferroelectric phase. The linear 
dependence of the ferroelectric transition temperature in KTN crystals ( CuNbOTK :35365.01 ) 
on the concentration of Nb [2,3], as well as the dielectric behaviour of the ferroelectric phase 
transition in these crystals, are well known [4]. We concentrate on the dielectric relaxation 
resulting from the Cu ions in the crystal lattice. 
Cu dopants in very small concentrations, have been added in the past to enhance the 
photorefractive properties of KTN crystals.  However the small ionic radius of such dopants, 
relative to their lattice site, results in virtual dipoles exhibiting dielectric relaxation. 
The random nature of their distribution throughout the ordered KTN lattice leads to relaxation 
behaviour reminiscent of glass formers. In particular Vogel Fulcher Tamman relaxation of 
these ions is evident in the paraelectric phase of the crystal. This cooperativity is broken at a 
critical temperature (T=354 K) and the relaxation becomes Arrhenius in nature. An 
explanation in terms of Adam-Gibbs theory is presented where the cooperative cluster is 
realized by polarized Nb ions linking the widely space Cu ions. 
At the phase transition (Tc=295.65 K) this relaxation is “frozen” by large internal fields 
caused by the structural shift of the Nb ion in the unit cell. As the temperature drops the Cu 
ions undergo a reorganization about the multiwell potential leading to a saddle like relaxation 
process, typically observed in confined systems. An explanation for this behaviour is 
proposed based on free volume concepts [5], where the relatively small ionic radius of the Cu 
ions provides the free volume for the relaxing species. The merits of the oxygen octrahedra as 
the relaxing species are discussed.  
 
[1]  P. Ben Ishai, C.E.M. de Oliveira, Y. Ryabov, Yu. Feldman, A.J. Agranat, Phys. Rev. 

Lett., Submitted March 2004. 
[2]  S. Triebwasser, Phys. Rev.,Vol. 114 (1959),p 63-70. 
[3]  R.L. Prater, L.L. Chase, L.A. Boater, Phys. Rev. B, Vol. 23 (1981), p 221-230. 
[4]  Y. Girshberg, Y. Yacoby, J. Phys. Condens. Matter, Vol 13 (2001), p 8817-8830. 
[5]  Y. E. Ryabov, A. Puzenko and Yu. Feldman, Phys. Rev B. (2004) Vol. 69, 

pp.0142041-01420410. 
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Electro optical properties of a hybrid liquid crystal composite are investigated by concerning 
the laser induced effects on molecular reorientation. In the scope of this work, various 
measurements were performed to see the order and tendency of laser pumping on the system. 
Electro optical parameters are investigated according to their dependency on dark and laser 
induced circumstances for fullerene doped and undoped samples. Experimental results exhibit 
dependency on laser heating in the level of switching voltage of reorientation. Dielectric 
anisotropy is also studied for the mentioned conditions and its dependency is quantatively 
estimated by capacitive measurements. 
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Oxygen ion conductors of fluorite structure, such as yttria stabilized zirconia (YSZ), are used 
commercially as electrolytes in solid oxide fuel cells [1, 2]. Temperatures for applications of 
oxide conductors [3] are typically higher than 500 °C due to low conductivity values at lower 
temperatures. A major challenge is to increase oxygen conductivity to allow room 
temperature applications. Long-range migration of oxygen ions takes place by thermally 
activated hopping to adjacent oxygen vacancies, what yields a dc conductivity of the form 

)/exp( kTEdcdc −= ∞σσ . Increasing conductivity, thus, would require increasing the 
prefactor ∞σ  and/or decreasing the activation energy Edc. However, increasing the number of 
charge carriers to increase ∞σ  leads to an undesired increase in Edc and eventually to lower 
conductivity values [1], thus limiting the strategies to obtain high oxygen conductivity at 
lower temperatures. The origin of this behavior has remained not well understood [1-3]. Here 
we show that the increase of the activation energy Edc is determined by cooperative effects in 
oxygen dynamics.  
We report on the existence and importance of cooperative oxygen dynamics in oxygen 
conducting Gd2Ti2-yZryO7 solid electrolytes. This solid solution allows changing the 
concentration of charge carriers in a wide range while maintaining the individual binding 
energy of oxygen atoms to their potential wells [4], thus providing direct access to the effects 
of cooperative dynamics [5]. Our work supplies direct experimental evidence for cooperative 
effects penalizing long-range oxygen diffusion in electrolytes. This result points to 
cooperativity plays a key role in determining the operating temperature of practical devices, 
and may also provide important hints to other studies of cooperative dynamics of ions or 
molecules in different fields. 
 
[1]  A.V. Chadwick, Nature (London) 408, 925 (2000). 
[2] B.C.H. Steele and A. Heinzel, Nature (London) 414, 345 (2001). 
[3] J.B. Goodenough, Nature (London) 404, 821 (2000). 
[4]  J. Chen, J. Lian, L.M. Wang, R.C. Ewing, R.G. Wang and W. Pan, Phys. Rev. Lett. 

88, 105901, (2002). 
[5]  K.L. Ngai and K.Y. Tsang, Phys. Rev. E 60, 4511 (1999). 
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Solid ionic conductors are important materials for different technological applications. They 
are used, for example, as electrolytes in batteries, supercapacitors, fuel cells, electrochemical 
sensors and electrochromic devices. At present, nanostructured ionic conductors, thin-films 
and composite materials are becoming more and more technologically relevant. It has, for 
instance, been found that the ionic conductivity of nanocrystalline ionic conductors can be 
increased by adding nanocrystalline insulators. In the case of glasses, a conductivity 
enhancement can be achieved by the formation of nanocrystallites during partial 
crystallisation. In  polymer electrolytes, ionic conductivities can be considerably enhanced by 
incorporating nanoparticles, such as Al2O3, TiO2, SiO2 particles, into the polymer matrix. 
Furthermore, a lot research work is being carried out in order to develop ultrathin-film 
electrolytes with thicknesses of the order of 100 nm and less. 
In order to characterise the charge carrier dynamics and transport in more and more complex 
materials, novel experimental techniques are required that complement the information that is 
obtainable from classical techniques, such as conductivity spectroscopy and NMR relaxation 
techniques. Here, we present nanoscale conductivity spectroscopy and nonlinear conductivity 
spectroscopy as novel techniques in this research field.  
In the case of nanoscale conductivity spectroscopy, we use an atomic force microscope 
(AFM) in order to study the dynamics of mobile ions in small subvolumes of a sample. In the 
dynamic AFM mode, a voltage is applied between the tip and the sample, at typical tip-
sample distances of 10 to 15 nm. In this case, the voltage drop in the sample occurs mainly in 
a nanoscopic subvolume below the surface. Ionic motions in this subvolume influence the 
electrostatic forces acting between tip and sample and thus the resonant frequency of the 
AFM cantilever. We have applied this technique to different ion conducting glasses and glass 
ceramics. 
For nonlinear conductivity we use ac electric fields with large amplitudes > 50 kV/cm, and we 
analyse higher order harmonic contributions to the current response. This method allows us to 
distinguish unambiguously between nonlinear charge carrier transport and heating effects due 
to the high fields. The nonlinear conductivity spectra provide valuable new information about 
the fundamental aspects of ion transport processes and about nonlinear ion transport effects in 
thin-film solid electrolytes. 
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As an extension of our previous studies on segmental and local dynamics of polymer blends 
and solutions with inter-component hydrogen bonding by broadband dielectric spectroscopy 
[1], complexes of poly(vinylmethylether) [PVME] with LiClO4 are investigated in the present 
study [2]. Although no microphase separation was observed in DSC experiments, DRS 
(partcularly derivative spectra – see Figure 1) reveal two segmental relaxations and one 
localized ion motion process. The fastest process is attributed to relaxations of segments in 
ion-depleted domains and it slows down with increasing salt content. The segmental 
relaxation of PVME chains in ion-rich domains is even slower than the ion motion process. 
However, the latter process becomes faster with increasing LiClO4 content, despite the 
concurrent increase of bulk Tg. Maximum molar conductivity is obtained in a 2/100 complex 
(LiClO4/PVME molar ratio) and the ionic conductivity is about 10-9 S/cm at 30 °C. By using a 
dynamic bond percolation model, it was estimated that ions move about 1 nm in the 0.5/100 
complex at 0 °C at the time scale of the slow segmental relaxation, assuming that structural 
renewal is realized by the latter. This size, together with the strong correlation between ionic 
conduction and the slow segmental relaxation, supports the view that hopping from one 
segment to another is likely the effective fundamental step in the macroscopic conduction of 
these complexes. 
Finally, we would like to express our appreciation to the National Science Foundation, 
Polymers Program, for their support of this research. 

Fig. 1  The derivative spectra of the dielectric constant for PVME and four complexes with 
LiClO4 (compositions in figure legend : molar ratio of LiClO4/PVME). 

 
[1] For example: S.H. Zhang, J. Runt, et al. Macromolecules 2003, 36, 5710 and 7179. 
[2] S.H. Zhang and J. Runt, J. Phys. Chem. B  2004, accepted. 
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Besides their traditional use as insulators, organic polymers are being extensively studied with 
a view of employing them as semiconductors or conductors. Electrically conducting polymers 
have excited considerable interest because many applications can be envisioned for 
electroactive materials. In this study, different samples of metal-filled poly(vinyl chloride) 
(PVC) compositions having different degrees of conductivity were formulated from PVC, a 
polar plasticizer such as dioctylphthalate (DOP), and variable proportions of some conductive 
metal fillers such as Cr2O3, FeCl3 , or Cu(CH3COO)2. The permittivity (ε') and dielectric loss 
(ε") for the prepared samples have been investigated in the frequency region 100 Hz to 100 
kHz at 20 to 60°C. It is evident from the results that the values of ε' and ε" increase with 
increasing temperature and decrease with increasing frequency. The results also show that the 
values of  ε' and ε"  increase with the increase in filler content in the sequence Cr2O3 < FeCl3 
< Cu(CH3COO)2, especially at the very low frequency region. Electrical conductivity 
measurements at 20 to 60°C show that the conductivity of these samples increases as the 
temperature is increased due to the increase of the mobility of the ionic bodies that takes place 
as a result of the excitation by heat. The electrical conductivity of plasticized PVC is greatly 
enhanced by incorporation of Cr2O3, FeCl3 or Cu(CH3COO)2 up to 30 parts per hundred parts 
PVC (phr)  in the sequence Cr2O3 < FeCl3 < Cu(CH3COO)2, especially at the lower frequency 
region and higher temperatures. The wide differences between the values of the conductivity 
of the various metal-filled PVC compositions indicate that the conduction pathway in these 
compositions is through metal-metal overlap1, which is considered to be greater in case of 
Cu(CH3COO)2 than Cr2O3 and  FeCl3. Moreover, mechanical measurements show that higher 
loading of the metal filler brings about deterioration of the tensile strength and ultimate 
elongation; therefore, filler content must be reduced as much as possible.  
The activation energy (E) for electrical conductivity (σ) of PVC compositions was calculated 
by plotting the logarithm of E against the reciprocal of the absolute temperature where a 
straight line was obtained, showing that the PVC compositions tend to behave as 
semiconductors. From the slope of the straight line, E was calculated using the equation2:  
                                                      σ = σo e-E/RT 
The activation energy was found to decrease by increasing the metal content in the sequence 
Cr2O3 < FeCl3 <Cu(CH3COO)2 , thus indicating the role of metal ions in the conduction 
mechanism. In this respect, the addition of metal increases the volume required for ionic 
carriers to drift in the polymer, leading to an increase in the ionic mobility and a reduction in 
the activation energy3. The period of excitation depends on the activation energy needed to 
make the substance conducting. If E is low i.e. the system is easily excited, the PVC 
composition becomes semiconducting at room temperature or in presence of indirect light. 
Accordingly, it can be better employed for electronic devices working at normal temperatures. 
 
[1] Rafique, U.; Mazhar M.; Ali S.; Khwaja, F.A., Synthetic Metals 1996, 78, 73. 
[2] Eley, D.D.;  Partfitt, G.D.,  Trans. Faraday Soc., 1955, 51, 1529. 
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The low frequency dielectric losses related to specific conductivity of dielectrics was 
analyzed using the phenomenological model. The proposed approach was first applied to 
description the dynamics of the intrinsic conductivity of dielectrics in the electric field and 
rate of charge decay in electrets [1,2]. The model contains only two parameters τF and τR. 
These parameters have some intuitive, approximate physical meaning:  τF denotes the 
effective, apparent time of conductivity decay, which may be associated with time of flight of 
the current carriers in electric field, whereas τR stands for the apparent recovery time of 
conductivity after switching the field off, and can be approximated as square root of the 
product of the recombination coefficient and the carriers creation rate. The field and 
frequency dependences of dielectric losses ε"(ω,E) was calculated and analyzed. The 
combination of two electric fields – the DC bias field and AC measuring field was also 
discussed. Such combination can be used as a convenient test conclusive whether observed 
dependences can be related to the proposed mechanism.  
The semi-empirical approach show that the discussed contribution in dielectric losses is 
characterized by two hyperbolas (instead of one) while the distance between the branches 
depends on the intensity of applied electric field. The results of calculations were illustrated 
by published experimental data. 
 
[1]   J. Małecki, Phys. Rev. B 59, 9954 (1999). 
[2]   J. Małecki, J. Electrostatics, 50, 109 (2001). 
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Ion mobility, time of flight (ITOF) measurement can isolate the mobility of the charge 
carriers during the reaction. The technique allows significant improvement over conductivity 
measurement to monitor changes in the physical properties and state of a material as it cures, 
especially for the system where Ni, the number of charge carriers, cannot be assumed constant 
such as during cure of epoxies, urethanes and polyimides. We investigated the ion mobility 
changes during epoxy-amine reaction (Diglycidyl ether of Bisphenol-A (DGEBA)/ amine 
4,4’- methylene bis [3- chloro 2,6 – diethylaniline] (MCDEA)) by ITOF measurement. 
Coupled with the measurement of σ, the dielectric conductivity, we can separate the mobility 
and the number of the charge carriers during the curing.  Parameters, such as voltage, pulse 
length and sensor geometry, were examined and determined to obtain the repeatable results 
[1]. We also measured the viscosity changes during the curing, by which we calculate the ion 
mobility changes, and compared with the results from ITOF. A most interesting finding is the 
change in the number of charge carriers during the reaction at three different temperatures.  
An explanation of the observed trends is offered in terms of the changing structure and 
volume of epoxy with the changing mobility and number of charge carriers during the curing.  
 
[1] J. Warner, J. Guo, M. Khoshbin, S. Raheem, D.E. Kranbuehl, G. Seytre, G. Boiteux, 

Polymer 44 (2003) 3537-3544 
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The establishment of general relations between structural, molecular- kinetic parameters and 
changes of dielectric permittivity is one of the important problems of physics and physical 
chemistry of liquids and solutions. The analysis of these relationships is carried out on the 
basis of structural model of water and solutions, experimental and theoretical dielectric 
spectroscopy data. The structure-kinetic model of pure water is suggested. It is determined by 
the reaction of partial dissociation of polymer network and the transition of liquid water 
molecule from the state in tetrahedral H-bond net to state in H-bond chain (in the initial 
framework). The second subsystem includes the positions in the site and interstitial positions 
of the tetrahedral network. The model is used for explanation and calculation of dielectric 
spectroscopy data in frequency range 0< ν < 800 cm-1. The mechanism of elementary 
movements of molecules in water is considered on the basis of this model, experimental (in 
the range 80-120 GHz) and literature (up to 800 cm-1) dielectric, absorption data and confined 
rotator (I)/ confined rotator (II) /…./ confined rotator (N) theoretical scheme. The spectra of 
complex dielectric permittivity ε* and absorption α in far IR, submillimeter and microwave 
regions are described in case of H2O and D2O. New interpretation of complex dielectric 
permittivity ε* and absorption α in the zone of ν≤ 200 cm-1 is suggested. The difference 
between ordinary and heavy water is explained in all frequency range. The high frequency 
boundary of debye relaxation zone is determined. 
The structural dynamics of water in aqueous nonelectrolyte solutions is considered on the 
basis of the suggested approach. The peculiarities of hydrophobic hydration are established. 
The ε* and α spectra are described for solutions of DMSO, acetone and acetonitrile. The 
model of hydrophobic hydration and new method are proposed to study the molecular nature 
and difference of hydrophobic and hydrophilic hydration in solutions at the level of 
elementary orientation processes. 
  
 
This work is supported by the Programs of the Russian Academy of Sciences. 
 
 



 74 

Electrical conductivity and dielectric properties of single wall nano tube-
polymer composites 

 
David S. McLachlan1, Cosmas Chiteme1, Cheol Park2, Kristopher E. Wise2, Zoubeida 

Ounaies3, Sharon E. Lowther4, Peter Lillehei4, Emilie J. Siochi4, 
Joycelyn S. Harrison 

 
1School of Physics, University of the Witwatersrand, Johannesburg, South Africa. 

2National Institute of Aerospace (NIA). 
3Virginia Commonwealth University. 

4Advanced Mat. & Processing Branch, NASA Langley Research Cent. Hampton. 
 
For the ac conductivity experiments discussed here, σm=σmr+iσmi, is the composite 
conductivity, σc=σcr+iσci or σcr for an ideal conductor, describes the SWNTs, while σi=σir+iσii 
or σir+iωε0εir or iωε0εir  for an ideal lossless dielectric describes the polymer. 
In percolation systems the critical volume fraction φc of the conducting component (where it 
first forms a spanning cluster and the conductivity increases dramatically) has been observed 
to vary from about 0.0005 (this paper) to 0.56 in very different geometries.  
In a recent series of papers by the first author and his students it has been shown that  
                    (1−φ)(σi

1/s−σm
1/s)/(σi

1/s+Aσm
1/s)+   φ(σc

1/t − σm
1/t)/(σc

1/t +Aσm
1/t) = 0,               

with A = (1 − φc)/φc and s and t as exponents, is the equation that best describes experimental 
results. This equation yields the standard normalized percolation equations, for |σc|→∞: 
σm=σi(φc

s/(φc− φ)s), φ<φc and for |σi|→0: σm=σc((φ − φc)t/(1− φc)t), φ>φc.  
A series of SWNT-polyimide composite films were prepared with a SWNT concentration 
form 0 to 5 vol.%. Although the diameter of the SWNTs is 0.8nm, most are dispersed as 
bundles, so it is difficult to determine the aspect ratio, but it is certain that the aspect ratio is 
higher than a few hundred. The bundles form a partially orientated (along the plane of the 
film) mat. Long stick shaped conductors lead to low φc values. 
The transverse dc conductivity measurements (perpendicular to the plane of the film) fitted 
using Eq. (1) give the parameter φc =0.0005, s=0.797, t=2.77, σi=10-16.2 S/cm and σc=101.95 
S/cm. Using data above φc only, the fitted parameters are φc =0.000506, t=2.22, and σc=100.51 
S/cm while in along the plane of the film the fitted parameters are. φc = 0.000555, t = 2.21 and 
σc=101.71 S/cm. From these results one can conclude φc is the same in both directions and the 
conductivity of the SWNTs is not very different in the transverse and longitudinal directions.  
The ac conductivity and the dielectric constant, as a function of frequency are very similar to 
those observed for other percolation systems. For samples just above φc, the conductivity is 
initially constant then increases at higher frequencies and approaches constant slope of about 
0.75, which is in accord with theory (Eq. (1) and the standard percolation equations and 
similar to what has previously been observed. Below φc the conductivity curves (dielectric 
loss) are roughly linear with a slope in the range of 0.9 to 1.0, which is commonly observed 
for a wide range of highly resistive materials but not well understood. Below φc the dielectric 
results, as a function of frequency, show no dispersion for low φ samples, but, in accord with 
theory, a small negative slope is observed just below φc. 
In the frequency range 10-2 to 107 Hz., only single arc Cole-Cole plots can be measured. 
These can only be obtained for samples just above φc.   
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Most fruits and vegetables consist to more than 95% of carbohydrate solutions. Typically, 
these carbohydrates are simple and contain only monomeric molecules (monosaccharides), 
such as the sugars glucose and fructose, or a few connected monosaccharide units forming 
polysaccharides, such as the disaccharide sucrose, which is built up of one glucose molecule 
and one fructose molecule. In this work we have studied the glass transition related dynamics 
of aqueous solutions containing glucose, fructose and sucrose, respectively, by means of 
dielectric spectroscopy and differential scanning calorimetry (DSC).  
The DSC results show that crystallisation is avoided for solutions containing <30% of water 
and that the glass transition temperature increases with decreasing water content. In all cases, 
the glass transition temperature Tg is extrapolated to about 135 K for pure water (which also is 
the case for extrapolated Tg of fruits and vegetables [1] as well as simple salt solutions [2]). 
However, in all these systems the hydrogen bonded network of the water molecules is easily 
destroyed such that the Tg of the mixture should be increasingly determined by a local β-like 
relaxation process (rather than the cooperative α-relaxation) as the water concentration 
increases [3]. Thus, an extrapolation to 100% water will, in these network breaking systems 
reflect the local β-relaxation and give an incorrect Tg at 130–140K where this process reaches 
a relaxation time of ≈ 100 s.  
The dielectric data is strongly weighted by the large dipole moment of water [4], and the 
results confirm that this interfacial water exhibits a fast relaxation process with an Arrhenius 
temperature dependence and a relaxation time of 100 s at T≈135 K (the process becomes 
slightly slower with decreasing water content due to the on average increasing interactions 
with the sugar molecules). The symmetric Cole-Cole shape of the loss peak further supports 
the β-like character of this process. In addition to this strong local relaxation process of the 
interfacial water a slower process, exhibiting a non-Arrhenius temperature dependence, due to 
the relaxation of the sugar molecules, is observed. This process shows the same trend for 
decreasing water content and increasing sugar molecular weight as the calorimetric glass 
transition.  
The present dielectric and calorimetric results contribute to a deeper understanding of the 
water related dynamics in biological systems, such as fruits and vegetables, as the water there 
mainly exists as carbohydrate solutions confined in a bio-matrix.  
 
[1]  M. M. Sá and A. M. Sereno, Thermochimica Acta 246, 285 (1994). 
[2]  C. A. Angell, Chem. Rev. 102, 2627 (2002). 
[3]  S. Cerveny, G. A. Schwartz, R. Bergman and J. Swenson, submitted. 
[4]  P. Höchtl, S. Boresch and O. Steinhauser, J. Chem. Phys. 112, 9810 (2000). 
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Dielectric spectroscopy is an analytical technique, which relies on the presence of charge-
asymmetric functional groups (dipoles) able to be driven by an impressed field.  The motion 
induced by the field depends on the nature of the dipoles, dipole-neighbour interactions, and 
the system dynamics.  Considerable information concerning both dipolar and non-dipolar 
segments of polymer molecules is, therefore, inherent in a dielectric spectrum. Wide-band 
circuit implementations of the technique have facilitated the visualisation of broad or multiple 
dielectric relaxations. The sensitivity of dielectric spectroscopy in its broadband form remains 
such that it may be used with polymers to study the influence on molecular mobility of low 
molecular weight additives, blending, crosslinking, branching, inter- and intra-molecular 
interactions from hydrogen bonds and other sources, co-polymerization, and degradation.  
The technique is also sensitive to dielectric inhomogeneities at the boundaries between 
macroscopic sub-structures. 
For acrylonitrile-butadiene-styrene (ABS), transmission electron microscopy (TEM) indicates 
a morphology comprising a styrene-acrylonitrile (SAN) matrix with rubbery domains 
containing polybutadiene (PBD) and SAN.  Dielectric spectroscopy confirms the multi-phase 
morphology, and also defines the proportions of PBD and SAN in the core and shell regions 
of the rubbery particles. The presence of polystyrene and polyacrylonitrile sequences is also 
indicated. 
Bisphenol-A polycarbonate (PC) has high mechanical strength and impact resistance.  
Dielectric spectroscopy reveals the existence of extremely broad ß and intermediate 
absorptions at kilohertz frequencies, which are associated with a range of molecular motions 
able to dissipate the energy of impact without the breakage of bonds and consequent fracture. 
Extended exposures are required when infrared spectroscopy, nuclear magnetic resonance and 
related techniques are used to investigate ultra-violet degradation in PC.  Dielectric 
spectroscopy confirms the two-stage nature of the process and, at much lower levels of 
exposure, can detect incipient degradation before significant loss of properties occurs. 
Belgian and U.S. groups have proposed opposing interpretations for the TEM of impact-
modified PC/polybutylene terephthalate (PBT) blends.  Dielectric spectroscopy resolves the 
details of the multiphase morphology.  Additionally, the shifts in the temperature locations of 
Tg peaks indicate proportions of PC and PBT in the distributed and continuous phases, which 
can explain the improved solvent resistance of the blend. 
Representative data will be presented to illustrate the applicability and sensitivity of 
broadband dielectric relaxation spectroscopy as a complementary analytical technique for 
polymeric solids. 
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Modification of epoxies by hydrophilic components can lead to materials with good resistance 
to scratching, to saline solutions, and stability at high temperatures. A critical factor for these 
properties is the miscibility of the blends.  
The dielectric response of aromatic amine cured epoxy resin (ER) and polyethylene oxide 
(PEO) blends with different PEO concentration were studied by combining dielectric 
relaxation spectroscopy (DRS) and thermally stimulated depolarization currents (TSDC), at 
various hydration levels. Water sorption/diffusion measurements gave additional information. 
Several relaxation modes were recorded: the γ-mode related to local movements, the α- 
relaxation related to the glass transition, the Maxwell-Wagner-Sillars polarization (MWS) and 
the conductivity relaxation (CR). Systematic variation of the composition of the blends has 
allowed us to follow changes of the dynamics of the above processes [1]. Especially the CR 
and the MWS relaxation of charges trapped at the interfaces, showed to be very sensitive to 
variations of PEO and water content, both of them acting as plasticizers. 
The maximum hydration of the blends depends on PEO % but there is a critical concentration 
which signals changes in the hydration mechanism [2]. In all cases, the increase of hydration 
at constant temperature leads to an increase of the dielectric constants. The latter presents 
special interest for the interpretation of low-frequency conductivity behaviors. 
 
 
[1]  I.M. Kalogeras, E.R. Neagu, A.Vassilikou-Dova, Macromolecules, 37, 1042 (2004). 
[2]  K. Raftopoulos, I. Zeginoglou, A. Kanapitsas, S. Kripotou, H. Christakis, A. 

Vassilikou-Dova, P. Pissis, Y. Saveliev, Mater. Res. Innovations, in press (2004). 
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The glass state has attracted large interest not only in condensed matter physics but also in 
biology and food and pharmaceutical industries.  Due to the large relaxation times involved, 
most experiments have been done above the glass transition temperature. In particularly, 
dielectric relaxation measurements become prohibitive in the frequency domain, since the 
required frequencies (down to the µHz range) require extremely long measurement times. 
We have measured the dielectric relaxation times of aqueous solution of glucose in the time 
domain with a custom made device. Some results are presented here for a solution of glucose 
in water at 88% w/w, below the glass transition temperature ( ≈ -12 C), including some on the 
rubbery state (above Tg). 
The curves were fitted with a stretched exponential decay (KWW) with relaxation times on 
the range of 200-500s and stretching parameter (β) around 0.5.  The aging of the formed glass 
was followed through the evolution of relaxation times for waiting times (tw) of a few hours.  
The temperature dependence of the relaxation times was studied through measurements in a 
state with no discernible aging effects. 
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Zeolites are a class of aluminosilicates with considerable technological importance, 
particularly in the chemistry industry. Zeolites crystals consist of SiO4 and AlO4 tetrahedra 
arranged in space to produce open structures with interconnected channels and cages [1]. 
These porosities contain extra-framework cations that balance the anionic charge of the 
aluminosilicate framework. They can also adsorb molecules whose the shape fits with their 
geometry. Adsorption and diffusion (adsorbed molecules and cations) explain the zeolite 
properties, i.e. catalytic, ion-exchange, and molecular-sieve. Dielectric relaxation 
spectroscopy, which can probe polar molecule and ion dynamics is thus particularly a well 
adapted spectroscopy to investigate such systems. Indeed, Complex Impedance Spectroscopy 
(CIS) and Thermally Stimulated Current technique (TSC), is shown to be powerful tools for 
elucidating ion movements in the zeolitic channels [2-5]. Assuming that the activation energy 
obtained from CIS and TSC measurements accounts for the de-trapping energy of the extra-
framework cations from the zeolitic framework, we pointed out that this energy depends on 
the Si/Al ratio, the nature of the cation as well as of the zeolite structure. It also depends on 
the interaction, which bonds the adsorbed molecules to the cation itself or to the zeolite 
framework [6]. Therefore, Dielectric Relaxation Spectroscopy can also be used for probing 
the effects induced by the adsorbed molecules. This work aims to investigate the dielectric 
relaxation properties of a Na+-Mordenite as a function of the water vapor pressure. Water has 
been considered as a typical example of great interest, since it has been shown that water is an 
important diffusant playing a critical role in many industrial and commercial processes. A CIS 
investigation is carried out from a low partial pressure (P/P0= 10-4) to 100% of moisture 
(P/P0=1), at different temperatures. The very high sensibility of the method is demonstrated. 
Further, a comparative CIS and TSC study is carried out, where it is shown that both 
techniques yield the same information. 
 
 
[1] W.J. Mortier, Compilation of Extraframework Sites in Zeolites, Butterworth, 

Guildford, 1982. 
[2]  M. Pamba, G. Maurin, S. Devautour, J. Vanderschueren, J.C. Giuntini, F. Di Renzo, F.  

Hamidi, Phys. Chem. Chem. Phys., 2000, 2, 2027.  
[3]  J.M. Kalogeras, A. Vassilikou-Dova, Cryst. Res. Technol., 1996, 31, 693. 

[4]  J.M. KalogerasA. Vassilikou-DovaDefect and Diffusion Forum, SCITEC 
Publication, New York, 1998, Vol. 164, p1. 

[5]  P. Pissis, D. Daoukaki-Diamanti, J. Phys. Chem. Solids, 1993, 54, 701. 
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 The aim of this work is to study the evolution of the molecular mobility in poly(ethylene 
naphthalene 2,6 dicarboxylate) (PEN) films as a function of their crystalline and orientation 
degree. PEN can be a suitable polymer as dielectric films in the chip capacitors industry so it 
is important to gain insight into relaxation processes evidenced in such polymer under electric 
and mechanical stresses. The occurrence and detailed features of such relaxation phenomena 
will be discussed in this paper as a function of the microstructure.  
Previous works [1-5] on amorphous and bi-axially stretched PEN samples of different 
morphologies have lead to the identification of three relaxations: the so-called α, β* and β 
processes (in order of decreasing temperature): The two sub-Tg relaxations β and β* are 
associated to local motions of ester groups (like for PET) and to partially cooperative 
movements of naphthalene aggregates respectively. The high temperature structural "α" 
relaxation is associated to glass transition and corresponds to chain segment cooperative 
motions induced by diffusive rearrangements of main chain portions. 
It appears very interesting to complete the former study on amorphous PEN samples obtained 
from Du Pont by uniaxially stretching them using a tensile test machine at 50mm/min at 
100°C and 160°C i.e. under and above Tg (120°C) with drawing ratios up to 6.4. The drawing 
ratios of the different samples were evaluated at a more local scale by means of the 
deformation of a fine grid stamped on the films. 
The morphology of amorphous and uniaxially stretched PEN films has been characterized in 
terms of orientation factor and crystallinity. Molecular mobility has been also studied by 
dynamic mechanical and dielectric spectroscopies: the α-relaxation is affected by orientation 
and crystallisation, the β*-relaxation is also dependent on the orientation state and shows an 
increase of chain mobility after stretching. The β-relaxation can be decomposed in two sub-
relaxations components namely β1 and β2, which are respectively low and high temperature 
processes. The amplitude of the β1 component is enhanced after drawing whereas the β2 
component amplitude is decreased. Supported by Boyd et al.’s work on molecular dynamics 
simulation and assuming that the oriented chains are in a plan perpendicular to the electric 
field, it can be seen that, contrary to β*and β2, the β1 relaxation is more dielectrically active in 
the case of anisotropic materials. This phenomenon is probably triggered by orientation. The 
influence of conduction mechanism upon orientation and crystallinity with temperature was 
studied by DC measurements in order to enable us to follow the ionic mobility in situ during 
crystallization and melting of various uniaxially stretched samples. 
 
[1] M. Wübbenhorst, A.L. de Rooij, J. van Turnhout, J. Tacx, V. Mathot, Coll.Polym.Sci., 
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The growing demand for broadband wireless communication links and the deficiency of wide 
frequency bands within the conventional spectrum, require utilization of higher microwave 
and millimeter-wave spectrum at the Extremely High Frequencies (EHF) above 30GHz. In 
addition to the fact that the EHF band (30-300GHz) covers a wide range, which is relatively 
free of spectrum users, it offers many advantages for wireless communication and RADAR 
systems. 
Some of the principal challenges in realizing modern wireless communication links at the 
EHF band are the effects emerging when the electromagnetic radiation propagates through the 
atmosphere due its complex refractivity. Propagation of the electromagnetic radiation is 
studied in the frequency domain, enabling consideration of broadband modulated signals [1]. 
The theory is employed for the analysis of ultra-short pulse transmission in the millimeter 
wave regime. The atmospheric absorptive and dispersive effects on pulse propagation delay, 
width and distortion are demonstrated and discussed.  
Using second order expansion of the propagation factors leads to the derivation of 
approximated analytical expressions for the delay and width as a function of distance and 
carrier frequency. Conditions under which pulse compression or expansion occurs were 
identified. The effects, predicted by the analytical solution, were compared to the results 
obtained from a numerical simulation, aimed at the calculation of pulse evolution while 
propagating in the atmospheric media. By studying propagation of a pulse in the atmosphere, 
characterized by the millimeter-wave propagation model (MPM) [2], it was shown that even 
in a medium of atmospheric air some of the effects that we predict are pronounced especially 
for carrier frequencies in the vicinity of the 60GHz, where high absorption of oxygen 
molecules occurs. 
 
[1] Y. Pinhasi, A. Yahalom, O. Harpaz, G. Vilner: “Study of ultra wideband       

transmission in the extremely high frequency (EHF) band”, accepted for publication in 
IEEE Trans. On Antennas and Propagation, (2004). 

[2] H. J. Liebe: “MPM – An atmospheric millimeter-wave propagation model”, Int. J. of 
Infrared and Millimeter waves 10, (6), (1989), 631-650 
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The physical meaning of fractional integral containing complex exponent has been found.  
It can be proved that appearance of imaginary part in the fractional integral corresponds to a 
quasi-regular discrete fractal structure that survives in random fractal formed by combination 
of regular fractals. For random fractals this imaginary part is averaged and the physical 
meaning of the real fractional exponent can be interpreted as a conservation of part of states 
on randomly distributed fractal structure [1]. Recently a new recognition procedure has been 
developed for recognition of kinetic equations containing fractional integrals and derivatives 
[2]. These results allow to suggest a new set of passive two-pole elements, which respect to 
impedance of pure resistance Z(jω)∼R and capacitance Z(jω)∼1/( jω). They occupy an 
intermediate position with impedance 
 

( ) ( ) ( )
1( ) j j

C CZ j R
j j j

∗

ν ν+ Ω ν− Ω

 
ω = + +  ωτ ωτ ωτ 

.   (1) 

 
Here, R is a parameter characterizing a dimension of impedance, C is a complex 
dimensionless constant of the order of unity, ν, ν ± jΩ are the power-law exponents. The 
parameter Ω is interpreted as the leading mode of the quasi-regular fractal structure. The 
impedance (1) can be defined as impedance of a recap element with complex conjugated 
exponents. By analogy one can define the impedance of a reind element with impedance 
 

( ) ( ) ( )( )( ) j jZ j R j C j C jν ν+ Ω ν− Ω∗ω = ωτ + ωτ + ωτ .    (2) 

 
The self-similar circuits exhibiting the impedance of the type (1) and (2) including the case ν 
= 0 have been found. The numerical experiments confirm analytical results. A possibility of 
registration of the predicted dependencies (1) and (2) in real dielectric spectroscopy 
measurements is discussed. In time-domain the impedance of a type (1) corresponds to the 
operation of fractional integration with complex exponent. The new type of kinetic equations 
containing the complex-conjugated exponents can describe relaxation and transfer phenomena 
in quasi-regular fractal media. Microscopic deduction of kinetic equations containing 
complex exponents can require a reconsideration of the grounds of the existing theory of 
irreversible phenomena.  
 
 
[1]  A. Le Mehaute, R.R. Nigmatullin and L. Nivanen, Fleches du Temps et Geometrie 

Fractale. Paris, Hermez, 1998 (in French). 
[2]  R.R. Nigmatullin, S.I. Osokin, Signal processing and recognition of true kinetic 

equations containing non-integer derivatives from raw dielectric data. J.of Signal 
Processing 83 (11) (2003) pp. 2433-2453.  
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The fluctuation-dissipation relation is calculated for a class of stochastic models obeying a 
master equation with continuous time. Whereas it is well known that in equilibrium the 
response is related in a simple manner to the time-derivative of the correlation function, this 
usually does not hold in non-equilibrium situations. For some models exhibiting glassy 
dynamics it is nevertheless possible to express the response function in terms of time-
derivatives of the correlation function. (see ref. [1]).  
Here, I show that in general the response cannot be related to time-derivatives of the 
correlation function alone. If the transition rates of the master equation are perturbed in a 
multiplicative way by the application of a field, an additional function ξ (t,s) of two times is 
required. This function cannot be related to any known two-time quantity of the system and 
describes the inhomogeneity of the relaxation towards equilibrium. Only in equilibrium ξ (t,s) 
vanishes identically. 
It is shown that ξ (t,s) does not even vanish for a simple random energy model and the 
temporal behavior of ξ (t,s) is discussed in detail. 
Furthermore, the use of multiplicatively perturbed transition rates in the computation of 
nonlinear response functions is discussed for some simple models. 
 
[1] A. Crisanti and F. Ritort;  J.Phys. A, 36 R181, (2003). 
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There is a large amount of experimental evidence that supercooled liquids are 
inhomogeneous, with some molecules moving rapidly and the others only slowly. The latter 
are often grouped into clusters, which may consist of solid-like domains or even just of 
unusually dense regions of the liquid. The strong interaction between the molecules in the 
clusters can lead to the observed stretched exponential behavior of the dielectric α-relaxation, 
P(t) = P0exp[-(t/τ)β], where τ will be called the relaxation time. However, these clusters are 
not static, as typically a molecule moves between slow and fast states in a time of the same 
order of magnitude as τ, a point that is completely ignored in most theories of the α-
relaxation. 
In this paper, we show that this possibility of molecules leaving the clusters can lead to an 
increase in the observed stretching parameter. To do this, we consider a model in which each 
cluster is surrounded by free molecules. The polarization associated with the molecules in a 
cluster is assumed to decay according to a stretched exponential law, p(t) = p0exp[-(t/τ0)α], as 
is typical of the α-relaxation in supercooled liquids, while that associated with the free 
molecules is assumed to decay exponentially with time at a much faster rate, as is typical of 
the β-relaxation. As a result of the interchange between slow and fast molecules, molecules 
leave the clusters and transfer polarization from them to the free molecules at a rate y, which 
we will call the detachment rate. The transfer of polarization as a result of free molecules 
joining a cluster plays a negligible role, since this polarization decays very rapidly. We find 
that the relaxation of the total polarization of a cluster and its surrounding free molecules is 
well described by P(t) = P0exp[-(t/τ)β], where (for a fixed value of τ0) as y increases β 
increases and τ decreases. In a typical set of calculations, for α = 0.6, we found that for τ0 = 1 
as y increased from 0 to 8 the stretching exponent β increased from 0.6 to 1 and τ decreased 
from 1 to 0.1. 
This finding has several important consequences, which we will discuss. Firstly, the ratio of 
the detachment rate to the intrinsic decay rate of the cluster (which corresponds to the ratio of 
the parameter y to τ0

-α in our model) can be expected to increase appreciably with increasing 
temperature if a molecule is weakly bound to the cluster but not if it is strongly bound. Since 
an increase in this ratio leads to an increase in the observed stretching exponent, this can 
explain why for some materials the stretching exponent is fixed (leading to time-temperature 
superposition) and for others it increases with temperature. Secondly, the effective 
detachment rate can well be different for different processes, such as dielectric relaxation 
(where it depends partly on the relative orientation of the molecules in the cluster), 
mechanical relaxation, enthalpy relaxation and NMR, and this can explain the difference 
sometimes found between the stretching exponent for dielectric relaxation and that for other 
processes. Here, too, the differences are expected to be greater if the molecules can be 
detached fairly easily from the clusters. Thirdly, a distribution of cluster sizes and shapes can 
lead to a distribution of detachment rates, and so to a distribution of the values of β and τ, and 
such a distribution can also affect different processes in different ways.  
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A simple one-dimensional stochastic Ising model is considered in order to study the 
cooperative relaxation behaviour of a linear chain molecule. In particular, the model consists 
of one-dimensional dipolar chain of interacting objects, so called dipolar spins. Each dipole 
moment has both parallel and perpendicular components with respect to the chain axis. The 
perpendicular component is oriented in a plane perpendicular to the molecular chain axis and 
is free to rotate in that plane. The other one is oriented along the chain axis. The spins 
undergo nearest-neighbour interactions with each other. 
A new version of Bozdemir’s Ising model analysis of dielectric polarization [1] based on 
Glauber’s Ising model [2] is used for this purpose. Both autocorrelation and crosscorrelation 
functions of an infinite dipolar chain and a finite chain-ring are obtained analytically for both 
periodic and open boundary conditions. The time-delayed dipole correlation function of one-
dimensional dipolar chain is also studied by using a Monte Carlo simulation. A dipole 
correlation function derived from this model under various physical conditions is in 
agreement with our theoretical results. 
Results of numerical calculations of the normalized dynamic permittivity as a function of 
frequency which is derived from the Fourier-transform of the dipole correlation functions are 
presented. Double loss peaks, broadened symmetric and asymmetric peaks with significant 
shift in frequency below the single free particle loss peak-frequency are obtained. The 
analysis gives good qualitative agreement with data observed in polymers above their glass 
transition temperature, polymer solutions, hydrogen bonding systems in crystalline form or 
solutions, and also in order-disorder ferroelectric substances. Our results lead to a microscopic 
interpretation of non-Debye behaviour observed in the dielectric materials mentioned above.  
  
[1] S. Bozdemir, Phys. stat. sol. (b) 103, 459 (1981). 104, 37 (1981). 
[2]       R. J. Glauber, Journal of Math. Phys. 4, 294 (1963).   
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Molecular-dynamics simulations of bulk atactic polystyrene have been performed for many-
chain system up to 160 monomers each in a temperature range from 100K to 650K and time 
up to 0.1 µs both in the isotropic state and under the influence of the uniaxial deformation. 
Local translational mobility has been investigated by measuring the mean-square translational 
displacements of monomers as function of time. In isotropic state the long-time log-log 
asymptotic slope of these dependencies is 0.54 at T>Tg, showing diffusive motion with a 
diffusion constant that follows a power-law behaviour in temperature, as predicted by mode-
coupling theory. The cage effect, when local translational motions are essentially frozen in the 
glassy state, has been investigated. We studied the incoherent part of the intermediate 
scattering function and show that the calculated relaxation times of the α-relaxation follow 
the same power law (γ~2.9) as the diffusion constant. Local orientational mobility has been 
studied via the orientational autocorrelation functions, ACFs (Legendre polynomials of the 
first and second order), for both the main-chain and side-group bonds. ACF relaxation-time 
analysis shows strong coupling between the relaxation of the phenyl groups and the backbone. 
In isotropic case the relaxation times of the orientational α-relaxation follow the same power 
law as the translational diffusion constant and the intermediate scattering function. The 
influence of the uniaxial deformation on both the segmental translational and orientational 
mobility is discussed.  
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A model-free approach for relaxation data conversion is considered, which takes into account 
the specific character of relaxation behaviour and is based on the modern digital signal 
processing concepts [1]. The approach can be illustrated figurative by a tree (Fig. 1), where 
the bole represents the relaxation data conversion originating from the three basic roots: the 
existing empirical and semi-empirical methods, the theory of digital filters, and the formal 
theory of relaxation systems.  In its turn, the formal theory of relaxation systems, which 
describes the formal causal relationships between input and output of dynamic systems having 
monotonic decaying impulse responses, maturates from the physical relaxation theories, such 
as dielectric, mechanic (viscoelastic) and magnetic ones, as well as from the general theory of 
signals and systems [1]. The tree has several branches representing the main tasks of the 
relaxation data conversion, such as spectrum analysis and synthesis (for data conversion from 
the time-domain to the frequency-domain and vice versa), relaxation analysis (for 
determination of relaxation and retardation spectra), accomplishing the Kroning-Kramers 
transform (for determination of the imaginary component of a frequency function from its real 
component), etc. It is shown that the relaxation data conversion leads to processing of the 
specific monotonic broadband relaxation signals in the logarithmically transformed argument 
domain and the main data conversion problems can be accomplished by the unified 
algorithms representing the digital functional filters (DFFs) with the logarithmic sampling. 
Some practical aspects and specific features of the data conversion by DFFs are considered.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Tree of the relaxation data conversion  
 
[1] A.V. Oppenheim, R.V. Schafer, and J.R. Buch, Discrete-Time Signal Processing, 
Second Edition, Prentice-Hall International, 1999. 
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Kramers and Kronig developed the KK-relations before they became professor in Delft 
(Kramers actually combined Delft with Leyden). The relations have a firm basis in mathe-
matics, where they are known as Hilbert transforms. They interrelate ε*(ω), ε′(ω) and ε″(ω). 
The ε′-ε″ pair of transforms reads: 
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The integrals only rely on causality and have a broad applicability. They apply to all 
relaxation phenomena: acoustic, dielectric, magnetic, mechanical, etc. They further play a key 
role in circuit and network analysis and in the scattering of high-energy particles.           
It should be stressed that they interrelate the relaxation part of a dispersion. So by calculating 
ε″ from ε′, we can eliminate the dissipative part, the conduction losses, from ε″. Pure 
relaxation losses are often more informative, since they are closely linked to the molecular 
and microstructure. Knowledge about the genuine Ohmic conduction part in ε″ is of 
importance to judge the co-continuity in mixtures and blends. Another application is the 
calculation ε′ from ε″ for models, such as that of Fuoss-Kirkwood, for which ε′ is unknown.  
The singular integrals (1) seem difficult to evaluate. This has hampered their use, for quite 
some time. Interestingly, it was later found that they can be approximated accurately with a 
few terms around the conversion point. The fast KKT for ε″ from ε′-data reads: 
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where ak={.4453,.22726,-11,.13458}.  FKKT clearly are much more efficient than the FFT. 
Note that the ε″-values are spaced logarithmically. This implies that data are lost at the 
beginning and end of the conversion. Calculation of special coefficients for forward and 
backward conversion can easily prevent this. 
Different possibilities exists for achieving an efficient inter-conversion, we have validated 
several methods. Some of them go back to circuit and network analysis, others stem from 
developments in numerical analysis. 
One of the most powerful methods is kernel matching, this idea goes back to Ferry and 
Ninomiya.  It also allows the conversion between ε″ and dε′/dlnω and vice versa. It is much 
less well known that the KK-relations can be replaced by differential operators, one of which 
is:          
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We have also explored a method based on the work of Shtrauss. This method invokes taking 
the Mellin-transform of the convolution kernel of the KK-relations and approxi-mating it with 
an exponential Fourier expansion. In this way we found an accurate relation between 
dε′/dlnω and ε″: 
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where bk={1.04848,-.64117,-.08355}. 
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In numerical analysis fast methods, like sinc and double-exponential integration, have been 
developed which turned out to be useful as well. An old method, Gauss integration also 
provided an efficient route. Calculating the KK-moments for particular base functions such as 
lnkω and e-iklnω, which are well suited to approximate ε′ and ε″ -data, enabled us to achieve 
this. 
The KK-integrals can be evaluated explicitly for these base functions. This allowed us to 
derive another set of efficient schemes based on logarithmic interpolation. 
It goes without saying that the proposed KK-schemes can be extended to conversions in the 
T-domain. 
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The principal aim of our experimental and modelling works consists in obtaining information 
about structure of condensed matters. Evidently, in the case of liquids it is impossible to 
describe structure exhaustively (they always discuss some structural features only, although 
the authors traditionally call an arbitrary set of these features “structure”), and any 
interpretation of the results is based on a starting model. 
Aqueous solutions of organic substances are at the top of the most extensively investigated 
liquids due to their huge practical and scientific importance, but a wide variety of structural 
aspects in these systems stimulates further researches. The in use ways for structure 
discussion of titled solutions may be divided into three groups. The first one includes an 
analysis of local environment of molecules exclusively without any suggestions about 
structural features of the bulk taken as a whole. The starting point in the second group is the 
assumption about ice-like framework formed by water molecules, and the third set of 
approaches based on clathrate-like model. We believe that the last way is the most fruitful for 
description of structure of aqueous solutions of organic substances in water-rich region. 
The application of adiabatic compressibility to revealing of structural peculiarities of the 
systems under consideration has a long history. Nevertheless, the data received in the course 
of our systematic investigation of concentration and temperature dependences of a number of 
systems with different chemical nature of nonaqueous components (alcohols, ketones, diols, 
amides, acetonitrile) allowed us to make more detailed description of structure of these 
solutions. One of the key points of our analysis is the temperature dependence of the structure 
which is often out of consideration. 
Structural interpretation of dielectric relaxation results concerning to water-rich region of 
aqueous solution is considerably more scarce. In recent years, several studies have been made 
in this field but generally the authors did not find any dramatic changes in the dielectric 
parameters in that concentration ranges which were defined as special for each system by 
some other methods. The main task of this work was to summarise available dielectric 
relaxation data about water-rich region in different systems and to analyse a possibility for 
more clear conclusions about structure based on dielectric spectroscopy. 
It was found that concentration dependences of tgδ at frequencies around 20 GHz (i. e. in the 
frequency range corresponding to the maximum ε′′(ν) for neat water) exhibit very interesting 
peculiarities which were thoroughly discussed. Unfortunately, published data about 
temperature behaviour of dielectric relaxation properties for aqueous solutions are rather 
limited, and our examination did not reveal reliable systematic changes in them. 
Achievements of molecular dynamic simulation of diluted aqueous solutions are also briefly 
discussed paying special attention on the one hand to structural interpretation of the results 
and on the other hand to modelling of dielectric properties. This consideration is 
supplemented by an analysis of sequences of molecular arrangements acquired from our own 
calculations. 
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The basic symptoms of tumoral growth in a human body at an early stage of the disease can 
be revealed by test results showing change of biochemical, structural and functional features 
of blood [1]. The quantitative and qualitative variations of the erythrocyte membrane 
composition are often found in malignant neoplasm, they can in their turn cause changes in 
membranes organization and, as a consequence, changes in physical and physicochemical 
properties of membranes and entire cells. 
Since an erythrocyte is a fluid hydrophilic system, 65 % of its mass being water, structural 
reorganizations of membranes entail the change of free - bound water correlation and are 
accompanied by the change of the dielectric parameters of the cells. These changes are 
registered by the microwave dielectric method within the frequency range of water molecules 
dispersion and make it possible to use the measurements of dielectric permittivity of the 
biological objects as a physical criterion for the estimation of structural disturbances caused 
by various factors [2]. 
The erythrocyte suspension and erythrocyte membranes were obtained from the blood of 
healthy donors and oncological patients. The studied group was composed of the patients with 
breast cancer (II stage), lung cancer (II stage) and stomach cancer (II-III stage). The real ε' 
and imaginary ε'' parts of the complex dielectric permittivity of the erythrocytes suspension 
and erythrocyte membranes were measured by the microwave dielectric method at a 
frequency of 9,2 GHz [3] within the temperature range of 2-45 °C. On the basis of obtained 
values of ε′ and ε′′ the frequency of water molecules dielectric relaxation fd and static 
dielectric permittivity εs in the erythrocytes suspension and erythrocyte membranes were 
calculated.  
The increase of the frequency of water molecules dielectric relaxation in the erythrocytes 
suspension of oncological patients has been revealed. It has been shown that the structural 
transitions of erythrocyte membranes at 12 °С are accompanied by the change in the 
proportion of free and bound water in erythrocytes. It has been found that in the oncological 
patients’ erythrocyte suspension the change of the activation energy is observed at 
temperatures 9 °C (breast cancer) and 23 °C (lung cancer).  
So, comparison of the dielectric permittivity and frequency of water molecules dielectric 
relaxation in erythrocyte suspension with that in erythrocyte membranes makes it possible to 
receive the information about state of water molecules in erythrocyte membranes.  
 
[1] Mashevskiy, A.A., Diagnostics of the main forms of the malignant neoplasms on 

biochemical and biophysical characteristics of blood. //Abstract of the dissertation for 
the degree of Doctor of Medicine. Minsk, 1994. 36 p. 

[2] S.V. Gatash, O.A. Gorobchenko, O.T. Nikolov, V.V. Tovstyak, Protein conformation, 
hydration and water molecules dynamics. Influence of physical factors. //Eur. 
Biophys. J., V.32, № 3, Abstracts of IV European Biophysics Congress, Alicante, July 
5 – 9, 2003, p. 258. 
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Within Philips Research, biosensors are being developed for clinical applications. Proteins are 
usually detected in sandwich assays, using secondary or even tertiary labeled antibodies. 
Omitting these steps could make detection faster, cheaper and easier, thus considerably 
simplifying the design and use of biosensors. On the other hand, it would require the direct 
measurement of  intrinsic properties of the protein itself. 
One possible way to measure proteins in a label-free manner is via electronic detection. 
Binding of a protein to an electrode causes changes in the dielectric double layer which are 
reflected in a change of the complex dielectric constant. We have investigated these changes 
using dielectric spectroscopy and are able to detect a protein at picomolar concentrations (Fig. 
1). Several parameters influence the detection and will be discussed in the presentation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Binding curve of the Von Willebrand Factor (vWF) to a microelectrode surface 

modified with anti-vWF antibodies, measured at 0.1 Hz. The concentration of vWF in 
solution was 1 picomole per liter. 
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Biological cells in suspension are polarized by external electric fields owing to the interfacial 
polarization. The electric dipole induced in the cell is due to charge accumulation at the 
interfaces of the cell membrane. Theoretical formulas for the interfacial polarization have 
been derived by solving Laplace's equation on the assumption that charges are accumulated 
within regions of infinitesimal thickness at the interfaces. The simplest model for biological 
cells is a spherical model with a concentric shell. An ellipsoidal model with a confocal shell is 
used for non-spherical cells. For the both models, analytical solutions are available. Although 
the ellipsoidal model is useful for examining the effects of the cell shape, it cannot necessarily 
represent real cell shape, and does not meet uniformity of the shell thickness. Hence, 
theoretical examinations with models of realistic shape are necessary for more detailed and 
reliable analysis. Previously, we devised a numerical method to calculate the dielectric 
relaxation spectra (DRS) of cell models of awkward shape [1]. In the calculation, at first, the 
electric potential around a model cell in a uniform external electric field is evaluated by 
solving the Laplace's equation using the boundary element method (BEM). Next, analysis of 
the electric potential provides the Clausius-Mossotti factor (CMF) of the model cell. Finally, 
the DRS of the cell suspension is calculated from the CMF using a Maxwell-Wagner type 
mixture equation. 
This method has been applied to fission yeast cells of rod shape [2] and budding yeast cells of 
doublet shape. A fission yeast cell is represented by a rod-shaped model that is a cylinder with 
two hemispheres at the both ends, and a budding yeast cell by a doublet model having two 
spheres (mother and daughter cells) connected by a part of a 
ring torus (junction) (Fig. 1). The both models have a 
homogeneous interior (corresponds to the cytoplasm) 
surrounded with a thin shell of a uniform thickness (the cell 
membrane). To simulate the DRS of fission yeast cells, the 
length of the rod-shaped model is increased. For budding yeast 
cells, the radius of the daughter cell in the doublet model is 
increased until its size became the same as the mother cell, and 
then the radius of the junction is decreased. The calculations 
revealed the relationships between the dielectric spectra and the 
morphological changes in the cell cycle, and provided much 
better simulations for previous experimental results [3-5] than 
the conventional ellipsoidal model.  
                                              Fig. 1. Cell models for BEM calculations 
 
[1]  K. Sekine, Bioelectrochem., 52 (2000) 1-7. 
[2]  K. Sekine, N. Torii, C. Kuroda, K. Asami, Bioelectrochem., 57 (2002) 83-87. 
[3]  K. Asami et al., Biochim. Biophys. Acta, 1381(1998) 234-240. 
[4]  K. Asami, Biochim. Biophys. Acta,1472, (1999) 137-141. 
[5]  K. Asami et al., Biophys. J. 76 (1999) 3345-3348. 
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1. Glass transition I : Dynamics of polymers and simple liquids 
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In the strong segregation limit, block copolymers offer a good avenue to study the dynamics 
of polymer chains confined in well-defined geometries. In the present study, we have 
considered the case of a poly(styrene)/poly(dimethylsiloxane) block copolymers (PS/PDMS) 
displaying a lamellar mesophase. Below the glass-transition temperature of poly(styrene), the 
PDMS chains are anchored to the glassy PS blocks and are confined in a layer characterized 
by a thickness of about 10 nm. 
The segmental dynamics within the ordered mesophases of amorphous diblock copolymers – 
poly(styrene)-poly(isoprene) (PS-PI) systems mainly – was previously investigated using 
broadband dielectric spectroscopy. The α-relaxation process of PI was claimed to be similar to 
that one observed in the corresponding PI homopolymer. However, the occurrence of the 
overlapping PI normal-mode prevents a detailed analysis of the α-peak: in particular, the 
shape of the low frequency side of the relaxation loss peak. 
Here, we have voluntarily taken advantage of the fact that PDMS is a type B-polymer to 
perform a detailed study of the shape of the amorphous PDMS α-relaxation process. In 
comparison to the corresponding PDMS homopolymer, it is found that the peak position of 
this process is shifted toward low frequencies. Moreover the relaxation peaks exhibit a 
significant extension on the low frequency side. In a first approach, we found that the α-peak 
can be described as resulting from two populations of PDMS segments displaying a very 
different dynamics. The low-frequency part of the ε”(ω)-signal may be attributed to the 
segments anchored to the PS glassy blocks: in particular, we have found that their dynamical 
behaviour could be rather well described by the same dielectric response of the amorphous 
constrained phase of a cold crystallized PDMS homopolymer. The second population of 
PDMS would correspond to segments in the inner lamellae. The dielectric response of this 
population appears to remain significantly different from that one observed in pure PDMS. 
This can be modelled by a superposition of relaxation processes with the shape observed in 
pure PDMS but considering a gradient of segmental mobility. This picture allows to 
characterize the dynamics of this population by a single distribution of the Vogel temperature 
T0. Such a distribution is attributed to gradients in the molecular packing occurring within the 
lamellae.  
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Understanding the relationship between structure and dynamics in amorphous liquid and solid 
systems is the objective of a continuing effort in condensed matter chemistry and physics.  
Such systems are important because of technology that is based on their transport properties, 
e.g. secondary battery systems. Positron annihilation lifetime spectroscopy (PALS) gives 
useful information about these materials because of the ability of ortho-positronium (o-Ps) to 
probe regions of reduced electron density. Subsequently, models are used to interpret the 
PALS data in terms of free volume holes [1,2].  
In this contribution, the results of systematic PALS studies on a series of glycol systems 
including propylene glycol (PG) (monomer), dipropylene glycol (DPG), tripropylene glycol 
(TPG) as well as a typical polymer: polypropylene glycol (PPG 4000) will be presented. The 
PALS data consist of the o-Ps lifetime, τ3, and the o-Ps relative intensity, I3, over the 
temperature range from 15 K to 370 K. The o-Ps parameters exhibit universal trends in 
addition to some material specific features which can be related to various dynamic properties 
from recent dielectric spectroscopic (DS) studies on PG and its oligomers [3]. Thus, τ3, being 
a measure of the effective size of the free volume regions, exhibits two changes in slope in the 
liquid state above the glass transition temperature, Tg

PALS. The lowest temperature change in 
slope liquid state occurs at Tlq

b1, which varies from 1.28 Tg
PALS for monomer to 1.15 Tg

PALS 
for the polymer. In addition, Tlq

b1 decreases with increasing fragility, mg [4]. Moreover, the 
slope of τ3 vs. temperature in the sub-Tg region of the rigid supercooled liquids increases with 
two measures of fragility, mg [4] and F1/2 [5]. On the other hand, the temperature of the second 
change of slope, Tlq

b2, ranges from 1.54 Tg
PALS to 1.41 Tg

PALS and is characterized by the 
relation τ3 ≅ τα. Tlq

b2 is found to correlate with the Schönhals temperature, TB
SCH, at which a 

dramatic change in the strength of the α relaxation from DS occurs [6]. Next, beginning at 
approximately Tg

PALS, I3 exhibits a monotonic decrease as temperature increases. In addition, 
from monomer to polymer, there is a systematic decrease in the slope associated with the 
decrease of I3 with temperature. Finally, the characteristic temperature, Ti, from free 
volume analysis of the o-Ps annihilation data [2] and the characteristic temperature from 
fitting the dielectric data in terms of the defect diffusion model [7,8] were compared. Close 
agreement between Ti and T0 from the first power law (Vogel equation) was found for PG (as 
well as for glycerol) while  Ti was found to be close to Tc from the 3/2 power law for the other 
glycol systems.     
 
[1] J. Bartoš, in R.A. Meyers (ed) Encyclopedia of Analytical Chemistry, Wiley & Sons  

Chichester, 2000, 7968. 
[2]  J. Bartoš, O. Šauša, J. Krištiak, in Nonlinear Dielectric Phenomena in Complex 

Liquids,  ARW NATO Series Kluwer Acad.Publ., Dordrecht,The Netherlands, in press         
[3] C. Leon, K.L. Ngai, C.M. Roland (1999) J.Chem.Phys.110, 11585.   
[4] R. Böhmer, K.L. Ngai, C.A. Angell, D.L. Plazek (1993) J.Chem.Phys. 99, 4201. 
[5] R. Richert, C.A. Angell (1998)  J.Chem.Phys. 108, 9016. 
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Positron annihilation lifetime spectroscopy (PALS) is rapidly becoming an established 
method for microstructural characterization of disordered condensed matter.  The PALS 
technique utilizes the annihilation of positrons in a variety of ways [1].  One of them, orto-
positronium (o-Ps), is a sensitive indicator of the presence of local regions of reduced electron 
density.  Its annihilation parameters, the o-Ps lifetime, τ3, and relative intensity of o-Ps, I3 , are 
considered to be a measure of the size and number density of the local free volume regions, 
respectively. As a consequence, the complicated structure and dynamics in disordered 
materials appears to be reflected in both o-Ps annihilation parameters. In general, the variation 
of τ3 with temperature in a series of small molecular and polymeric liquid compounds 
exhibits, in addition to the trivial glass to liquid transition at Tg

PALS ≅ Tg
DSC, changes in slope 

at the characteristic temperatures, Tlq
b1 ≅ 1.2-1.3 Tg

PALS and Tlq
b2 ≅ 1.4-1.7 Tg

PALS [2].  
Recently, several correlations between the phenomena associated with these PALS 
temperatures and various characteristics of the α relaxation have been found [3]. For example, 
Tlq

b2, which marks the onset of a quasi-plateau region as temperature increases, is 
characterized by the equality between τ3 and τα.  In addition, Tlq

b1 is found to be related to the 
temperature Tα (-6±1), which is the temperature at which the relaxation time for the α process 
from dielectric relaxation studies is 10-6 ± 1s.  This finding suggests that some high-frequency 
feature of the main relaxation peak is related to the change in the slope of the τ3 plot at Tlq

b1.  
The data for I3 is less informative both because of the internal mobility of matrix and the 
possibility of radiation effects in compounds containing certain specific groups [4].  
In order to gain further information concerning the relationship between the o-Ps response 
and liquid dynamics, the temperature variation of τ3 and I3 [2] has been carefully compared 
with theα and β relaxations of the broadband dielectric spectrum for glycerol [5,6].  It is 
found that τ3 is approximately the same as τβ at Tlq

b1 and this strongly indicates that local 
motion associated with the β relaxation may eliminate at least part of the total free volume 
hole population from the PALS spectrum.  This finding is consistent with the tendency for the 
relative intensity, I3, to decrease as temperature decreases the in sub-Tg region of the rigid 
supercooled liquid. 
In conclusion, the findings to date indicate that the PALS response [τ3(T), I3(T) and effective 
free volume] in a glass-forming liquid is closely related not only to the molecular 
configurations  but  also to the dynamics as revealed by broadband dielectric spectroscopy. 
 
[1] J. Bartoš, in R.A. Meyers (ed) Encyclopedia of Analytical Chemistry, Wiley & Sons 

Chichester, 2000, 7968 
[2] J. Bartoš, O. Šauša, P. Bandžuch, J. Zrubcová, J. Krištiak (2002) J.Non-Cryst. Solids  

307 - 310, 417 
[3] J. Bartoš, O.Šauša, J. Krištiak, J.J. Fontanella, M.C. Wintersgill, Abstract in 

International Workshop on Dynamics in Viscous Liquids, Münich, March 14  - 17, 
2004 p.156  



 102 

[4] M. Welander, F.H.K. Maurer (1992) Mat.Sci.Forum 105-110, 1814 
[5] K. Ngai, P. Lunkenheimer, C. Leon, U. Schneider, R. Brand, A. Loidl (2001) 

J.Chem.Phys. 115, 1405 . 
[6] P. Lunkenheimer, A. Loidl (2002) Chem.Phys. 284, 205 
  
 

 



 103 

Dielectric relaxation in Sorbitol revisited 
 

Rikard Bergman and Christer Svanberg  

 
Dept. of Applied Physics, Chalmers University of Technology, SE-412 96 Göteborg, Sweden 

e-mail: f5xrb@fy.chalmers.se 
 

We have performed dielectric spectroscopy on the glass-forming molecular liquid, Sorbitol. 
Sorbitol is a suitable substance for investigations of the merging of the main α-relaxation and 
the secondary β-relaxation as both processes has a large dielectric strength in this material. 
Previous studies on Sorbitol have given contradictory results for the relaxation time of the β-
relaxation above the glass-transition temperature, Tg [1-3]. It appears as if the β-relaxation has 
another temperature dependence above Tg than below Tg. We will here show that the β-
relaxation time data can be explained without invoking any change in relaxation mechanism 
at Tg provided the data are analysed using the so called Williams’ ansatz in which the 
observed effective β-relaxation is a convolution of the α- and the β-relaxations [4]. The 
underlying β-relaxation have the same Arrhenius temperature dependence above and below 
Tg.  
The data analysis was performed in both time and frequency domain and we demonstrate how 
different merging scenarios can be explained by Williams’ ansatz. The generality and 
importance of the results are discussed. For instance, we argue that a correct description of the 
merging is of importance for an understanding of the so-called excess wing, an extra power-
law contribution on the high frequency side of the α-relaxation in glass formers without a 
well resolved β-relaxation peak. Based on this a recently introduced empirical susceptiblity 
function [5] is adapted for describing the α-relaxation and excess wing scenario. 
  
[1] T. Fujima, H. Frusawa, and K. Ito, Physical Review E 66, 031503 (2002). 
[2]  H. Wagner and R. Richert, J. Phys. Chem. B 103, 4071 (1999). 
[3]  N. B. Olsen, J. Non-Cryst. Solids 235-237, 399 (1998). 
[4] G. Williams, Adv. Polymer Sci. 33, 60 (1979). 
[5] R. Bergman, J. Appl. Phys., 88, 1356 (2000). 
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Dielectric permittivity measurements were used to monitor physical aging of polycarbonate 
(PC) far below the glass transition temperature (Tg). The effect of film thickness and cooling 
rate from the melt was investigated. As shown in figure 1, the permittivity was found to 
decrease during physical aging, due to the decreased mobility as a consequence of 
densification, which results in a smaller amplitude of dipolar fluctuation and/or in a decreased 
number of dipoles able to reorient. The results show a dependence of physical aging on both 
the film thickness and the cooling rate. Permittivity data were fitted according to a diffusion 
model around zero aging time, namely when the concentration of free volume is at its initial 
value and the effect of self-retardation has not yet appeared. Apart from the external surface 
of the sample, it was assumed that free volume holes can also disappear at a boundary with an 
internal surface defined by the presence of some low-density regions, which are created 
during the cooling process and have a concentration depending of the cooling rate. Evidence 
for the existence of the low-density regions was provided by the absorption of ethylene glycol 
(EG), a molecule with a strong tendency to aggregate, in PC samples cooled down at different 
rates. The amount of absorbed EG was found to be proportional to the cooling rate. Assuming 
the presence of low-density regions gives good agreement between the experiments and the 
diffusion model. The physical origin of the low-density regions and the dependence on the 
cooling rate may be related to the evolution of spatial heterogeneities during the cooling 
process.  

Fig. 1: Normalised permittivity vs. aging time for a fixed thickness of 800 µm at each cooling 
rate.  
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A variety of experimental results demonstrate that samples of an amorphous polymer 
prepared from a polymer solution may possess fundamentally different thermo-mechanical 
properties due to the prehistory of the interaction of the solvent with the polymer. The effect 
of the solvent quality on the equilibrium conformational statistics of a polymer molecule in 
solution is well understood by polymer theory and is directly linked to the radius of gyration 
(see cartoon below).  
 
 
 
 
 
In the present work we have studied the dynamics of thick (5 µm – 50 µm) and ultrathin (< 
200 nm) solvent cast films of atactic poly(methyl methacrylate) (a-PMMA) by dielectric 
spectroscopy. Solvent effects were addressed by using four different solvents that differ in 
their thermodynamic affinity for PMMA. "Fresh" samples, which were only subjected to a 
short drying process, revealed a clear relation between the solvent quality and the strength of 
the β-relaxation, which cannot be ascribed to the presence of residual solvent (cf. figure 1, 
left). Subsequent thorough annealing at 150°C (cf. figure 1, right), which definitely removes 
traces of solvent, does not lead to an erasure of the solvent induced sample history, indicating 
the persistence of a non-equilibrium configuration in the PMMA films. These results 
demonstrate both the sensitivity of the β-process in PMMA to the conformational statistics, 
and the high relevance of solvent effects in film structure formation in common solvent cast 
procedures.  
 
 
 
 
 
 
 
 
 
 
Fig. 1  Dielectric loss of freshly cast (left) and annealed (right) PMMA films. 
 
[1] H.P. Schreiber and M.D. Croucher „Surface characteristics of solvent-cast polymers“, 

Journal of Applied Polymer Science, Vol. 25, pp. 1961-1968,1980. 
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We present an investigation of relaxation dynamics in glass former systems. The singling out 
of the physical properties mostly governing the glass transition phenomenon is a yet 
unresolved problem. Several investigations performed by varying pressure, P, and 
temperature, T, allowed evaluating the contribution that thermal energy and density variations 
play in the vitrification, revealing that in many systems they have an equally important role 
[1]. The Adam Gibbs (AG) theory includes both these contributions by relating the increase 
of structural relaxation time, τ, to the reduction of configurational entropy, ln(τ)∝(TSc)-1 [2], 
and then it is a suitable theory for the interpretation of the glass transition. Moreover, several 
studies verified that the excess entropy, Sexc, of the liquid with respect to the crystal (or glass) 
is nearly proportional to Sc and in many systems a relation ln(τ)∝(TSexc)-1, is fulfilled [3,4]. 
Nevertheless, a strong debate on the relation between Sc and Sexc and on the validity of the 
AG theory is still in progress [5]. In this work we propose a simple and quite general equation 
relating Sc and Sexc, )P,T(S)T(f)P,T(S)P(g)P,T(S isot

exc
isob
excc +=  (g and f are two functions), by 

which we checked the AG theory over a wide temperature and pressure range (Fig. 1). 
Moreover, we derived the relations for the pressure dependence of the glass transition 
temperature and of the fragility, which well fit the experimental data of several systems. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Example of the test of the AG theory for different pressure and temperature values for 
PPGE (squares) and OTP (up triangles), using the relation between Sc and Sexc we proposed. 
TB signs the value of τ for the dynamic change of PPGE. 
 
[1] See for example: M.L. Ferrer, et al., J.Chem.Phys. 109, 8010 (1998); C.M. Roland, R. 

Casalini, Macrom. 36, 1361 (2003). 
[2] G. Adam, J.H. Gibbs, J.Chem.Phys. 28, 139, (1965). 
[3] See for example: R. Richert, and C.A. Angell, J.Chem.Phys., 108,9016 (1998); R. 

Casalini, et al., Phys.Rev.E 63, 031207 (2001); R.Casalini et al., J.Chem.Phys. 
117,4902 (2002); D. Prevosto et al., Phys.Rev.B, 67, 174202 (2003). 

[4] L.M. Martinez, and C.A. Angell, Nature 410, 663 (2002); C.A. Angell, S. Borick, 
J.Non-Cryst.Sol., 307-310, 393 (2002). 

[5] G.P. Johari, J.Non-Cryst.Sol., 307-310, 387 (2002); ibid. , J.Chem.Phys., 116, 387 
(2002) 

 

0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 

-2 

0 

2 

4 

6 

8 

 0.1 MPa 
 60 MPa 
 95.5 MPa 
 120 MPa 
 180 MPa 
 240 MPa 

 0.1 MPa 
 19.6 MPa 
 39.2 MPa 
 58.8 MPa 
 78.5 MPa 

Polyphenylglycidylether 
(PPGE) 

o-terphenyl 
OTP T B 

  
log(ττττ0/ττττ) 

10 
4 /(TS C )   [J 

-1 mol] 



 107 

Correlation between temperature-pressure dependence of the αααα-relaxation 
and configurational entropy for different glass-forming polymers  

 
Gustavo Ariel Schwartz1, Edurne Tellechea2, Juan Colmenero1,2, Ángel Alegría2  

 
1Fundación Donostia International Physics Center, Paseo Manuel de Lardizabal 4, 

20018 San Sebastián, Spain. 
2Departamento de Física de Materiales UPV/EHU, Unidad de Física de Materiales CSIC-

UPV/EHU, Facultad de Química, Apartado 1072, 20080 San Sebastián, Spain. 
e-mail: schwartz@sw.ehu.es 

 
The effect of pressure variation on dynamics of α-relaxation process has been studied during 
the last four decades. However, due to the experimental difficulties of this kind of 
measurements, only in the last years it has been possible to obtain accurate enough data and 
broader ranges for pressure and temperature. These better experimental conditions have made 
it possible to compare the data with theoretical models. Recently, a new equation describing 
the behaviour of the structural relaxation time, τ(T,P), as a function of both pressure and 
temperature, has been proposed [1]. This equation has been derived from the Adam-Gibbs 
(AG) theory by writing the configurational entropy, Sc, in terms of the excess thermal heat 
capacity and of the molar thermal expansion. Consequently, the molecular dynamic of glass-
forming liquids can be linked to its thermodynamic properties. In this work the α-relaxation 
of poly(vinyl acetate) (PVAc), poly(vinyl chloride) (PVC) and poly(vinyl methyl ether) 
(PVME) was measured using dielectric spectroscopy (10-2 - 107 Hz) over a temperature range 
between 320ºC and 460ºC and at pressures up to 300MPa. The pressure dependence of the 
experimental relaxation times was found to be very well described using the extended AG 
equation with the thermal expansion coefficients determined from PVT experiments. 
 
 
[1] R. Casalani et al, Phys. Rev. E 63, 031207 (2001). 
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The dynamics and phase behaviour of the discotic liquid crystalline compound 
hexaalkyloxytriphenylene (HAT6) and a derivative (cf. Fig. 1a) were studied by broadband 
dielectric spectroscopy (BDS). Whereas the pristine compound HAT6 forms both a columnar 
mesophase (Colh) and a plastic columnar phase (HAT6: K 68.4°C Colh 99.2°C I), no liquid 
crystallinity was observed for the highly assymmetric compound HAT6-Br.  
This paper focuses on the dielectric relaxations of the two compounds in their plastic 
columnar phase. The relaxation times are summarised in Fig. 1b, which reveals a common 
Arrhenius-type (γ) relaxations for both materials as well as two processes (α1 and α2) obeying 
the Vogel-Fulcher-Tammann (VFT) law. The existence of such VFT behaviour, the 
prominent signature of the dynamic glass transition, in a highly ordered plastic crystal 
showing 3D positional order of the discotic cores, is an intriguing phenomenon, which has 
been reported before [1]. Comparison of the high-temperature VFT-process of HAT6-Br with 
data from [1] is in line with our assignment of the α2-relaxation to the columnar glass 
transition. This is also corroborated by the absense of such process in HAT6 for symmetry 
reasons.  
The striking feature of our study is the observation of a second, low temperature VFT process 
(α1) for both compounds, which implies the existence of a second glass forming fraction 
within the plastic columnar order with a Tg ~ – 97°. This second glass transition must 
necessarily originate from cooperative dynamics involving the flexible aliphatic tails, which 
are well phase separated from the aromatic cores. Ongoing studies are aimed to determine the 
actual dimensionality and molecular packing of this exciting glass forming system in detail.  

 
Fig. 1a (left): Molecular structures of the triphenylene derivatives. 1b (right): Activation plot 
for the α1, α2 and β relaxation process of the triphenylene derivatives. 
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Dielectric spectroscopy measurements of glycerol-water mixtures from 1 Hz to 18 GHz have 
been performed on concentration range from 100 to 5mol % of glycerol at temperatures from 
173 to 323 K.  The samples were cooled down at a high cooling rate, and then the 
measurements were started from the lowest temperature to higher temperatures with an 
interval of 3 K. 
The master plots for glycerol-water mixtures in the glycerol rich region (50 to 100 mol % of 
glycerol) showed that the dielectric spectra at different temperatures can be condensed to the 
same single curve.  This universality disappeared through a further decrease of glycerol 
content (below 40 mol %).  If water concentration is high enough at low temperatures, water 
is started to form its own small ice cores.  In the cases of glycerol concentration less than 20 
mole % at lower temperatures, three relaxation processes were observed.  One of them could 
be described by single Debye function, and its relaxation time and activation energy are 
similar to bulk ice.  Another process is Non-Debye and its temperature dependence is Vogel-
Fulcher-Tammann (VFT) type with similar relaxation time to 40mol % of glycerol.  It means 
that this relaxation mechanism is the same as the regular main relaxation process of glycerol-
water mixture observed for glycerol rich region.  In other words, condensed mesoscopic 
domains of glycerol-water mixture were observed together with the frozen water that failed to 
form H-bonds network with glycerol molecules.  Finally, the last process noticed in the low 
temperatures has a well defined Arrhenius type behavior with activation energy of 24 kJ/mol.  
Most probably, this relaxation process is due to a bound-water like phase confined between 
the ice and the glycerol-water interfaces.  A similar value of activation energy (~20 kJ/mol), 
attributed to layered water, is observed for porous glasses with very small amount of water 
absorption (one or two layers) [2].   
In this paper, the relaxation mechanisms and relating structural views for glycerol-water 
mixtures will be discussed. 
 
[1] S. Sudo, M. Shimomura, N. Shinyashiki and S. Yagihara, J. Non-Cryst. Solids 307-

310, 356 (2002). 
[2] A. Gutina, T. Antropova, E. Rysiakiewicz-Pasek, K. Virnik and Yu. Feldman, 

Microporous Mesoporous Mat. 58,: 237 (2003).  
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Polyurethanes (PU) are a family of polymers well studied since many years and benefit of a 
wide range of applications. In fact the properties of PU systems strongly depend on their 
chemistry and resulting architecture. In the present work, two PU systems with different 
architecture were synthesised. The linear PU was made of macrodiol poly(tetramethylene 
oxide) (PTMO with Mn=2000), isophorone diisocyanate, chain extenders butanediol and 2,2-
dimethylol propionic acid (DMPA). The hyperbranched PU (HB PU) was prepared with a 
hyperbranched polyester of 4th generation (poly-DMPA, Boltorn® H40), partly esterified with 
butyryl chloride (5/8 of -OH groups), and hexamethylenediisocyanate (1/8 of -OH groups). 
Non-reacted -OH groups were esterified with cis-1,2-cyclohexane dicarboxylic anhydrideThe 
main goal of this work was the investigation of molecular dynamic of the two polyurethanes 
with different architecture described above and of their blends (linear PU/HB PU) with 
different compositions (mass ratios 65/35 and 80/20). The DSC measurements showed that 
the linear PU has two glass transition phenomena and that the hyperbranched PU has only 
one. Relaxation phenomena in these complex systems have been studied by dielectric and 
dynamic mechanical analysis and give complementary results to DSC. 
It was possible to see dynamic mechanical and dielectric relations related to both Tg of linear 
PU in dielectric and mechanical spectra. Additionally, one can observe two secondary 
processes correlated with local movements. In HB PU, there is only one primary relaxation 
correlated with Tg, but there are three secondary relaxations. Unfortunately, the relaxations of 
HB PU component in blends of two PUs are overlapped by the relaxations related to the linear 
PU. At temperatures above room temperature, the dielectric spectra are dominated by 
conductivity.  
 

This work was partially supported by KBN project No 4 T08E 012 23 (Poland) 
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Dielectric relaxation data on mixtures of polar 3-bromopentane with non-polar 
3-methylpentane from 80K up to 120K are presented.  Data are obtained using transient 
measurements over a wide range of temperatures and concentrations.  The permittivity data 
for the mixtures do not adequately fit any of the standard permittivity functions over the entire 
frequency range of the measurements.  Frequencies of maximum loss are presented along 
with the half-widths of these peaks.  Unlike the Debye response, the data indicate a slight 
decrease in the half-width/peak frequency ratio.   
For the limited temperature range for the transient times experimentally available, the 
relationship between the log of the loss peak frequencies and temperature appear to be 
Arrhenius, unlike the behavior of pure 3-bromopentane.    
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3. Johari-Goldstein β-relaxation 
 
 

Suppression of dielectric secondary relaxations by strong intermolecular 
hydrogen bonding 
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The secondary relaxation of poly(2-vinylpyridine) (PVPy) in a complex and miscible blends 
with poly(4-vinylphenol) (PVPh) was studied by broadband dielectric spectroscopy [1]. The 
polymer complex can be obtained by mixing PVPh and PVPy in methyl ethyl ketone as a 
result of the very strong hydrogen bonding between the two polymers, and it has a glass 
transition temperature higher than either component. The secondary relaxation of PVPy is 
clearly suppressed in the complex (Fig 1) and it is found that the reduction of its dielectric 
relaxation strength is approximately proportional to the intermolecular hydrogen bonding 
fraction. In addition, the relaxation time of unassociated PVPy side groups is also slowed 
down by about 1 decade compared to that of the neat PVPy. Homogeneous PVPh/PVPy 
blends can be achieved if the polymers are mixed in N,N-dimethylformamide. However, the 
degree of intercomponent hydrogen bonding is much lower in the blends, and therefore the 
suppression of the PVPy secondary relaxation is not as significant as in the complex. The 
ability of PVPh to affect the β relaxation of the other component is found to be closely 
correlated with the intercomponent hydrogen bonding strength, by comparing the current 
results with those for PVPh blended with poly(ethyl methacrylate) [2] and 
poly(vinylmethylether) [3]. 
Finally, we would like to express our appreciation to the National Science Foundation, 
Polymers Program, for their support of this research. 

 
Fig. 1  Dielectric loss at –20 ˚C for PVPy, mixtures of PVPy with 5 and 20% bis(4-

hydroxyphenyl) methane (BPM), and the 50/50 complex of PVPy and PVPh. 
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[1] S.H. Zhang, P.C. Painter and J. Runt. Macromolecules 2004, 37, in press. 
[2] S.H. Zhang, X. Jin, P.C. Painter and J. Runt. Macromolecules 2002, 35, 3636. 
[3] S.H. Zhang, X. Jin, P.C. Painter and J. Runt. Polymer 2004, in press. 
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Although it is not clear how orientation or preferential chain alignment affects the local 
mobility, it has been often assumed that chain orientation would modify some local mobility 
dependent factors, like the free volume or chain packing. Consequently, the chain orientation 
effects on the secondary relaxation of polymers could give information about the associated 
molecular movements. 
The secondary relaxation of engineering polymers, like bisphenol-A polycarbonate, seems to 
be directly correlated with the excellent mechanical properties of this family of polymers. 
Thus, the main aim of the present work is to contribute to a better understanding of the 
molecular motions responsible of these excellent mechanical properties by studying the effect 
of cold-drawing on the dielectric secondary relaxation of some engineering thermoplastics.  
Dielectric experiments were conducted on polymer samples that were previously subjected to 
uniaxial stretching below the glass transition temperature Tg. The polymer sheets were 
stretched at a typical rate of 100 mm/min and at temperatures of the order of Tg-60K to get a 
draw ratio λ in the range 1 to 3 in a nitrogen atmosphere. The resulting sample orientation has 
been characterized by birefringence measurements. 
The dielectric loss of both, stretched and un-stretched samples, were measured by dielectric 
spectroscopy in the frequency range 10-2-109 Hz and over a broad temperature range between 
50K and Tg. 
The results on bisphenol-A polycarbonate show a significant reduction of the secondary 
relaxation dielectric losses of the oriented samples. It is worth mentioning that the effect is 
much more pronounced in the high frequency range of the dielectric loss spectra, indicating 
that the faster motions involved are the most affected by chain orientation. The analysis of the 
difference between of the dielectric relaxation on both types of samples allowed us to 'isolate' 
one of the molecular motions responsible of the secondary relaxation in bisphenol-A 
polycarbonate. This motion depicted the characteristics of a simple thermally activated 
process with an activation energy distributed according with a Gaussian function around an 
average energy of 28 kJ/mol and a standard deviation of 5.7 kJ/mol. 
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The frequency dependent shear mechanical and dielectric behavior has been measured on 
various molecular liquids and small polymers at temperatures above and close to Τγ. The 
shear mechanical measurements are performed using a transducer which has been developed 
by Christensen and Olsen [1]. This transducer allows us to access an exceptionally large 
frequency range (1mHz-50kHz). The dielectric and shear mechanical measurements are made 
on samples taken from the same bottle and performed in the same cryostat. It is therefore 
possible to make a direct comparison between the two sets of data. 
The characteristics of the shear mechanical and the dielectric spectral shapes are compared 
with special focus on the Johari-Goldstein beta-relaxation. Moreover the temperature 
dependence of the shear mechanical and dielectric alpha loss peak position are compared. We 
always find a difference between the shear mechanical and the dielectric loss peak position, 
while the temperature dependence of the two loss peak positions is the same for some, but not 
for all the studied liquids. 
The data are interpreted in terms of a generalization of the Debye model [2] which was first 
proposed by DiMarzio and Bishop [3]. We reformulate the generalized Debye model such 
that it becomes evident that this model presents the simplest consistent way to compare the 
dielectric susceptibility with the shear modulus. (Whereas using the traditional dielectric 
modulus, M = 1/ε, in the comparison with the shear modulus is not physically reasonable).  
We show that the generalized Debye model does not give a quantitative correct relation 
between the shear mechanical and the dielectric spectra. The generalized Debye model does 
however, predict some qualitative features - for example the fact that we always find the loss 
peak of the shear modulus at higher frequency than the loss peak of the dielectric 
susceptibility. 
 
[1] T. Christensen and N. B. Olsen, Rev. Sci. Instrum. 66 (1995) 5019 
[2] P. Debye (1929). Polar Liquids, The Chemical Catalog Company, Inc 
[3] E.A. DiMarzio and M. Bishop, J.Chem.Phys. 60 (1974) 3802 
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4. Dynamics of nano-confined systems 
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Dielectric spectroscopy was used to investigate the influence of confinement of the liquid 
crystal 5CB (LC) on the nematic-to-isotropic (N-I) phase transition and the dynamics of 
molecular reorientations via rotation of molecules around their short axis under extreme 
narrow confinement that may be considered a quasi-one-dimensional (1D) system. The 2.3 
nm pore diameter in the MCM-41 nanoporous silica is less than the correlation length of the 
LC. We compare the results for this quasi-1D system with results for bulk LC and LC 
confined to 20 nm and 200 nm cylindrical pores. Under confinement in 2.3 pores we did not 
observe either the N-I or nematic-solid crystal phase transition: in contrast, in pores of larger 
pore sizes, these transitions are observed with a shift and broadening of the phase transition as 
compared to bulk LC. We observed that, instead of undergoing the N-I phase transition in the 
quasi-1D-system, 5CB inside the 2.3 nm pores solidifies. Relaxation of molecular origin 
freezes out upon cooling the sample from the isotropic phase. Molecular reorientations were 
dielectrically active at temperatures much above the bulk N-I transition temperature but with 
the relaxation rate much slower and dielectric spectrum much broader (Fig. 1) than in the 
bulk. The relaxation due to cooperative dynamics of fluctuations of director orientations 
(investigated in complementary dynamic light scattering experiments) was not observed. We 
suggest that the slowing down of the mode, which is molecular in the bulk material, is may be 
due to enhancement of the effective viscosity of 5CB under such narrow confinement and 
resulting glass-like dynamics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Dielectric spectra (a) and relaxation time distribution functions (b) for bulk and 
confined liquid crystal 
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The dynamics of liquid and glassy water is a central topic in contemporary natural science 
even though the peculiar physical properties are still not well understood. For instance, the 
value of water’s glass transition temperature (Tg), accepted for decades in the range of 130-
140K, is still uncertain as recently reported [1].  
With the goal to study supercooled water avoiding crystallization, we performed broadband 
dielectric spectroscopy (10-2 Hz – 106 Hz) on water confined geometrically in white bread. 
Two different water contents were studied (<1 and 10 w.w %). No crystallization was 
observed in any sample as shown by differential scanning calorimetry. Depending on the 
water content one or two relaxation processes could be identified. The relaxation process at 
low water content was described by the symmetrical Cole-Cole function. It is remarkable that 
the relaxation times for this process coincide with the ones observed in many water containing 
systems (mineral, biological and synthetic systems) as shown in figure 1.  
In contrast, the spectrum for the sample at high water content can be described with two 
contributions. The high frequency contribution corresponds to the process observed in low 
hydration level while the low frequency contribution may be related to the α-relaxation of 
confined water. 
In this work, we will show that the dielectric relaxation process of confined water that has 
been associated with the long accepted Tg of water (130-140K) must be a local process which 
is not related to the actual glass transition. Our data also indicates a glass transition at about 
175K for confined water in bread The findings are consistent with a Tg of water at a higher 
temperature as suggested by Angell et al [1,2].  

 
Figure 1.  Temperature dependence of the relaxation times for water confined in a wide 
variety of systems. Open symbols represent water confined in biological materials whereas 
filled symbols represents water confined in mineral and synthetic systems.   
 
[1] V. Velikov, S. Borick, C.A. Angell. Science 294 2335-2338 (2001).  
[2] F.W. Starr, C.A. Angell, HE Stanley,  Physica A 323, 51 (2003). 

3 4 5 6 7 8
-8

-6

-4

-2

0

2

EA = (0.46 ± 0.04)eV
T

β
( 100 s) = (139 ± 3) K

 

 

lo
g 

( τ
 [s

])

1000/T [K-1]

 Bread
 Vermiculite clay
 Purple membrane
 PMMA
 Onion
 Cellulose (Linters Pulp)
 Cellulose (Avicell)
 Starch
 Polymide-poly(dimethilsiloxane)s
 Pentaethyleneglycol-water
 Gel PVA
 Poly(aryl prehnitimide)



 118 

Characteristic size of molecular dynamics in polymers probed by dielectric 
probes of variable length  

 
O. van den Berg1,2, M. Wübbenhorst1, W.F. Jager1 

 
1Dept. of Polymer Materials and Engineering, Delft University of Technology, Julianalaan 

136, 2628 BL, Delft, The Netherlands 
2Dutch Polymer Institute, P.O. Box 902, 5600 AX, Eindhoven, The Netherlands 

e-mail: O.vandenberg@tnw.tudelft.nl 
 
Recently [1] we have introduced a rigid-rod type (fluorescent) chromophore (DBANS) as a 
dielectric probe that enables the study of molecular dynamics in apolar polymers by 
broadband dielectric relaxation spectroscopy (BDS). In this work we focus on effects of the 
probe size on its specific sensitivity to molecular motions in the polymer matrix. For this 
purpose, a homologue series of probe molecules was synthesized resulting in three probes 
with a rigid core length between 0.6 and 2 nm.  
For the large probes (~ 13Å and 20 Å) an amplification of the dielectric α−process was found 
indication large angular probe fluctuations due to segmental motions in the "viscous" matrix, 
while small angular fluctuations in the glassy state do not give rise to a noticable dielectric 
response. Although such coupling of the probe dynamics to the dynamic glass transition was 
also found for the shortest probe (6.4 Å), here an additional (β*) relaxation process was 
revealed. This Arrhenius-type (Ea ~ 60 kJ/mol) relaxation process proves the existence of 
substantional longitudinal orientational mobility in the glassy state on the length scale of 6.4 
Å, a size that compares well with flip motions of the bulky styrene groups in PS. On the other  
hand, the correct probing of the glass transition temperatur with the largest probe implies that 
the cooperativity length of the glass transition in PS is not shorter than 2nm.  

 

 
 
Fig. 1  Cartoon representing the structure and physical interpretation of the dielectric probe 
dynamics in polystyrene.   
 
[1]  O. van den Berg, W. G. F. Sengers, W. F. Jager, S. J. Picken, and M. Wübbenhorst, "A 

Dielectric and Fluorescent Probe - a Versatile Tool to Investigate Glass Transition, Melt 
and Crystallization in Polyolefins," Macromolecules, 37 (7); 2460-2470, 2004. 

Cooperativity of dynamic glass transition ξ ~ length of probe 

short probe:large probe:

Cooperativity of dynamic glass transition ξ ~ length of probe 

short probe:large probe:

N

O2N

N

O2N

Rigid core Flexible tails



 119 

Liquid like surface mobility in supported ultra-thin films. New evidence for 
a layer model from dielectric spectroscopy 

 
Veronica Raluca Lupaşcu1,2, Ger J. M. Koper2, Michael Wübbenhorst1 

 
1Delft University of Technology, Physical Chemistry and Molecular Thermodynamics, 

Julianalaan 136, 2628 BL Delft, The Netherlands 
2Delft University of Technology, Polymer Materials and Engineering, 

Julianalaan 136, 2628 BL Delft, The Netherlands 
e-mail: v.lupascu@tnw.tudelft.nl 

 
In the last decade much experimental work has been devoted to the glass transition dynamics 
in ultrathin polymer films with the original aim to get more evidence for the existence of an 
intrinsic correlation length ξ of the structural relaxation. Compared to ellipsometric 
techniques, investigating ultrathin films with dielectric relaxation spectroscopy (DRS) has 
two specific advantages: 1) its broad dynamic range, and 2) the beneficial scaling of the 
dielectric response (capacitance) being inversely proportional to the sample thickness [1].  
In this paper we present a systematic study on the glass transition in ultra-thin polystyrene 
films (Mn ~ 160000 g/mol) in a sandwitch configuration (Al – PS – Al) in the thickness range 
of 3 – 100 nm. Owing to the weak polarity of PS, the glass transition temperature could be 
determined from both the high frequency permittivity (dilatometric Tg,dil ) and by analysis of 
the α-relaxation time τα(T). For samples with L < 40 nm a systematic reduction of Tg,dil was 
found (cf. Figure 1) together with an increasing broadening of the volumetric glass transition. 
Interestingly, most of the Tg-values range between literature values obtained for films having 
one or two "true" free surfaces (reference lines) implying that the electrode surface (aluminum 
oxide) partially mimics a free or otherwise not interacting surface.  
Another strong hint for enhanced rather than slowed-down (dead layer) surface dynamics in 
our samples comes from samples with L ~ 8 nm, which revealed a new, non-cooperative 
Arrhenius-type dielectric relaxation process (activation energy ~ 70 kJ/mol) that was assigned 
to a distinct mobility at the “free” PS surface. This observation in combination with additional 
results support the validity of a sharp, layer-type mobility distribution in supported 
polystyrene films as suggested by other authors. 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Left: Effect of thickness on the dilatometric Tg for thin polystyrene films. Right: 
Relaxation times for the (bulk) α-process and the surface process for PS of L = 8 nm. 
 
[1] M. Wübbenhorst, C.A. Murray, and J.R. Dutcher, "Dielectric relaxations in ultrathin 

isotactic PMMA films and PS - PMMA - PS trilayer films", Eur. Phys. J. E direct, vol. 
12, pp. S109-S112, 2003. 
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Investigations of finite-size effects on ferroelectrics materials are very interesting both for 
scientific reasons as for practical applications. The development of the microelectronics, 
optoelectronics and the use of ferroelectrics to the construction of non-volatile memories act 
the very important answer on the question "as small can be the ferroelectrics?". 
The testing of ferroelectrics embedded into porous glasses gives the unique possibility 
research of ferroelectrics nanoscale sizes. Up to now it was published only in several papers 
on the physical properties of ferroelectrics built into the porous glasses. These works refer 
results of dielectric of KDP [1], DKDP [1], sodium nitrite and Rochele salt crystals only. 
The aim of this work was the elaboration of the technique of TGS microcrystals growing in 
matrices of porous glasses and examining of the influence of sizes of pores on physical 
properties and phase transition temperature.  
On the ground of the results of dielectric and pyroelectric investigations we can conclude that 
decrease of porous dimensions caused increase of phase transition temperature.  
The influence of pore sizes distributions on physical properties of TGS microcrystals 
embedded in porous glasses are described on the basis of phenomenological models presented 
in the papers [3] and [4].  

 
 
[1] E.V. Colla, A.V. Fokin, Yu.A. Kumzerov, Sol. State Comm., 103 (1997) 127. 
[2] E.V. Colla, E.Yu. Koroleva, Yu.A. Kumzerov, B.N. Savenko, S.B. Vakhrunshev,  
      Ferroelectric Lett.,  20 (1996) 143. 
[3] W.L. Zhong, Y.G. Wang, P.L. Zhang, B.D. Qu, Phys.Rev.B, 50 (1994) 698.  
[4] J. Zhang, Z. Yin, M.S. Zhang, J.F. Scott, Solid State Comm., 118 (2001) 241. 
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Most of the investigations on cyanobiphenyl (CB) - aerosil composites were carried out for 
low silica densities ρs (g of silica per 1 cm3 of CB) ranging from 0.005 to 0.825 g/cm3. But 
composites with high silica densities are also of interest since it is expected that the 
interactions between the liquid crystal (LC) and silica surface can be investigated separately 
from the bulk LC ones. Thus, high values of silica densities ranging up to 10 g of silica per 1 
cm3 of 8CB have been recently studied by dielectric spectroscopy to reveal the behavior of 
the 8CB monolayer on the surface of the silica particles [1]. The bulk-like relaxation of the 
liquid crystal molecules was observed especially for the samples with low silica densities. 
Additionally, a slow relaxation was detected, even at temperatures for which the bulk 8CB is 
in the crystalline state. This slow relaxation was assigned to the surface layer of LC 
molecules. It is important to emphasize that the temperature dependence of the relaxation 
rates for this slow process shows a Vogel/Fulcher/Tammann behavior, which is typical for 
glass-forming liquids. 
Composites were prepared from aerosil (Aerosil 380, from Degussa-Huels) and 4-n-alkyl-
4’cyanobiphenyls with 5-8 carbon atoms in the alkyl chain [2]. The high silica density of ~7 g 
aerosil in 1 cm3 of liquid crystal (LC) allows to observe the behaviour of a thin cyanobiphenyl 
layer (having nearly a monolayer structure) on the surface of the silica particles. 
The systems are investigated by dielectric spectroscopy (10-2-109 Hz) in a large temperature 
range (220-370 K).  
All the composites show a (main) relaxation process at frequencies much lower than the 
processes observed for bulk LC that was assigned to the dynamics of the molecules in the 
surface layer. The possible glass transition in quasi two-dimension of the surface layer is 
discussed the first time. At the temperature of nematic-to-isotropic transition of the bulk, the 
composites show a continuous decrease of the characteristic frequencies as function of the 
alkyl chain length while the bulk LCs show the well known odd-even behaviour.  
It is interesting to note that the magnitude and the temperature dependence of the slow 
relaxation process in the aerosil composites (molecules on the outer surface of silica particles) 
agree with those of the same molecules confined to the nanopores of molecular sieves 
(molecules on internal surface of the pores) [3]. 
 
 
[1] S. Frunza, L. Frunza, H. Goering, H. Sturm, A. Schönhals, Europhys. Lett. 2001, 56, 

801.  
[2] S. Frunza, L. Frunza, M. Tintaru, I. Enache, T. Beica, A. Schönhals, Liq. Cryst. in 

press. 2004. 
[3] S. Frunza, A. Schönhals, L. Frunza, H.-L. Zubowa, H. Kosslick, R. Fricke, H. Carius,  

Chem. Phys. Lett. 1999, 307, 167. 
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The term ‘polymer based nanocomposite’ refers to the certain kind of polymer inorganic 
hybrid material containing two or more phases where at least one of them is in the nanometer 
scale. Nowadays, polymer nancocomposites are studied since such materials show properties 
superior to conventional blends. It is assumed that such properties are achieved due to the 
existence of the particular interactions between the filler particles and the host polymer 
matrix, which therefore need to be further investigated. The influence of the filler 
concentration on the molecular mobility of the host PC matrix can be characterized by 
analyzing the broadband dielectric spectra of the nanocomposites. On the other hand, as a 
combination of kinetic and thermodynamic processes, the transport properties of gas 
molecules through a nonporous sample film vary as the morphology and mobility of the 
nanocomposite are modified. 
The untreated Silicon carbide (SiC) nanoparticles are synthesized by the thermal plasma 
method. The size of the individual particles ranges from 10~150 nm. In general, the SiC 
particles are agglomerated with a mean size of the agglomerates around 100 nm.  
A well-adapted film casting method is established to achieve transparent sample films of 
reproducible quality. Applying an ultrasonic treatment to polymer dispersion and using 
nitrogen as protection gas are proved to be effective on optimizing the quality PC based films. 
The temperature dependent dielectric loss shows prominent a α-relaxation peak which 
independent on nanoparticle concentration, which indicates that the fraction of free volume of 
the filler-polymer system is not affected due to the introduction of the nanofillers. However, a 
concentration dependent behavior is observed in the secondary relaxation region, where the 
activation energy of the β-relaxation decreases with increasing the weight fraction of the 
nanofillers. Meanwhile a concentration dependent increase on the relaxation strength in the 
transition region is also observed. It is assumed that the localized fluctuations of the polymer 
in a narrow region close to the polymer-nanoparticle interface are enhanced, while the 
molecular mobility in the remaining bulk phase is not affected. That means the distribution of 
free volume is changed resulting in a higher amount of fluctuating free volume for the 
composite. This conclusion is in agreement with gas sorption experiments since the estimated 
parameters of the Dual Mode Sorption Model show also an increased fraction of fluctuating 
free volume. Similar values of the activation energy of diffusion are obtained for the 
nanocomposites and pure polymer. This indicates that the total amount of free volume is 
constant. Such special characteristic may also be part of the reason of the effect of 
suppression of CO2-induced plasticization in the PC nanocomposites. 
Based on the acquired knowledge on nanocomposites, efforts have focused on the influence 
on investigation the segmental motion of the polymer as the dimension and interfacial 
characteristic of the filler varies. Known as the smallest inorganic silica cage structure with a 
well-defined organic surface, POSS (Polyhedral Oligomeric Silsesquioxane) Molecular 
SilicaTM particles are blended into the commercial polymer by melt mixing methods. The 
modification on the mechanical or electromagnetic properties of the material will be reported 
soon.  
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Real-time dielectric relaxation spectroscopy for a molecular beam deposited glass forming 
liquid (glycerol) is proposed as a novel systematic study of the dynamic glass transition under 
geometric confinement. To reach highest sensitivity for small capacitance changes in a wide 
frequency range (0.1 Hz – 106 Hz) and an open electrode configuration, we have employed 
µm spaced interdigitated electrodes at ultrahigh vacuum conditions. Experiments using 
glycerol deposited on quartz glass at - 40 °C revealed a dielectric glass transition process for a 
layer thickness as low as 0.7 nm. Despite the fact that this thickness corresponds to about two 
layers of glycerol molecules, the α-peak did not show significant deviations from that of bulk 
glycerol, indicating that the length of the cooperative dynamics, at f = 10 kHz, did not exceed 
the lowest scale length of the liquid layer, being ~ 0.7 nm. These preliminary results agree 
well with previous experiments on ethylene glycol and propylenglycol confined to various 
nanoporous systems.  

Fig. 1  Time evolution of the dielectric response ε'(f)-ε'(f)IDE showing fast deposition and slow 
desorption of glycerol.  
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Recently, new super-branch polymers containing dendrons of a different number of 
generations were synthesized [1]. In present work molecular properties of Polystyrene (PS) 
modified by Frechet – type dendrons of the first – fourth generation number (DPS) were 
studied by means of dielectric and electrooptic spectroscopy methods in dilute solutions.  
Molecular mass of DPS samples was evaluated from isothermal diffusion, dynamic light 
scattering and viscosity data. Polymerization degree of DPS macromolecules was about to 
(1100±200). It was established that the size of DPS molecules increases in the number of the 
polysterenes containing dendrons of 1 – 4 generation that is caused by the grow of 
equilibrium rigidity (Kuhn segment lenght A) of the molecules from 5.4 to 22.9 nm.    
The dispersion of dielectric permittivities and electric birefringence (EB) of the first, second, 
third and fourth generations of DPS in benzene, chloroform and THF solutions were studied. 
Dielectric and EB measurements were carried out in frequency range from 0.2kHz to 10MHz.  
The increment of dielectric permittivity (∆ε) of DPS solutions was measured. The dipole 
moment of macromolecules was calculated as a slope of linear dependence of ∆ε on solution 
concentration. 
It was found that dipole moment of monomer unit of DPS molecules of the first generation 
number is equal to 4 D (in benzene) that is compared with dipole moment of CONH group 
and coincides with dipole moment of dendron calculated with using HyperChem procedure. 
For other polymers the measurements of dielectric permittivity were carried out in polar 
solvents that leads to some problems for comparison of their dipole moment value with that 
calculated from chemical structure of dendron. However it was established that increase of 
dendron’s generation number does not lead to change in dipole moment value of monomer 
unit of DPS molecules.    
It was found that dielectric polarization and EB of DPS molecules in solutions may be 
described by relaxation process characterizing by average relaxation time which depends on 
the number of dendrons generation. For all investigated polymers relaxation process was 
observed in given frequency range. The relaxation times of dielectric polarization of DPS 
solutions increases in the number of 1- 4 generation and coincides in the limit of experimental 
error with that of EB dispersion. Moreover relaxation times of dielectric polarization and EB 
correlate with molecular mass and intrinsic viscosity of DPS. It shows that increase of 
dendron’s generation number leads to growth of equilibrium and kinetic rigidity of DPS 
macromolecules.  
 
[1] A.D. Schluter, J.P. Rabe “Dendronized polymers: synthesis, characterization, 

assembly of interfaces, and manipulation” Angew. Chem. Int. Ed. 2000, Vol. 39, P. 
864 - 883  
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Broadband dielectric relaxation spectroscopy (DRS, 10-2 – 109 Hz) and thermally stimulated 
depolarization currents techniques (TSDC, -150 to 100°C) were employed to investigate 
molecular dynamics in relation to structure and morphology in two series of thermoplastic 
interpenetrating polymer networks (t-IPNs). The first series was based on semi-crystalline 
polyurethane (CPU) and a poly(styrene-b-acrylic acid) copolymer (S-b-AA) (apparent IPNs, 
t-AIPNS). The second series was based on CPU and poly(styrene-b-potassium acrylate 
ionomer (S-b-AK), obtained by partial neutralization of S-b-AA with a degree of 
neutralization of about 0.3. 
Two dynamic glass transitions (α relaxations) were observed by DRS, in agreement with two 
glass transition temperatures measured by TSDC and also by DSC, indicating a phase-
separated morphology of the IPNs under investigation. However, the characteristics of the α 
relaxations of the pure components were modified on addition of small amounts of the second 
component, suggesting partial miscibility of the two components due to the development of 
hydrogen bonding. Detailed analysis of the DRS and the TSDC data allowed to quantify the 
degree of mixing. Additional information was obtained by analysis of the effects of mixing on 
the secondary relaxations of the two components, analysis of dielectric permittivity data in 
terms of effective medium theory, and from the investigation of conductivity effects. The 
latter proved to be a powerful methodology, as moving ions can be used to probe the local 
morphology, which is reflected in dc conductivity values, interfacial polarization and space 
charge polarization.    
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Broadband dielectric spectroscopy has been used to analyze the molecular dynamics in 
poly(ethene-alt-N-alkylmaleimide) copolymers. The polymers were studied in the frequency 
range from 0.1Hz to 10MHz and at temperatures between 120 K and 500 K. The alternating 
maleimide copolymers possess alkyl side chains varying in length from methyl to octadecyl. 
Four relaxation processes are observed: (i) a (secondary) β-relaxation corresponding to 
librational fluctuations of the terminal end group of the alkyl side chain, (ii) the α΄-relaxation 
being assigned to a relaxation of the side chain, (iii) the dynamic glass transition (α-
relaxation) being designated to motions of the succinimide ring and (iv) the αs-relaxation 
reflecting cooperative fluctuations of an ensemble of about 2-3 maleimide rings in an 
underlying helical superstructure. This model is supported by calorimetric measurements and 
published nuclear magnetic resonance (NMR) data. 

 
[1] Tsuwi, J.; Appelhans, D.; Zschoche, S.; Friedel, P. and Kremer, F. Macromolecules, 

accepted. 
[2] Appelhans, D.; Wang, Z.G.; Zschoche, S.; Zhuang, R.-C.; Häußler, L.; Friedel, P.; 

Simon, F.; Jehnichen, D.; Grundke, K.; Eichhorn, K.-J. Macromolecules, submitted. 
[3] Block, H.; Evans, D.; Walker, S.M. Polymer 1977,18, 786-792 
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The analysis of dielectric spectra of saturated hydrocarbons shows that found out band of 
relaxation absorption of electromagnetic energy is caused by redistribution of intermolecular 
hydrogen bonds C-H-…-C, exited by thermal motion. These reactions do not change the 
number of intermolecular bonds and do not lead to either thermal or spatial effects. 
However, the distribution of hydrogen bonds in liquid, as well as the orientation of molecular 
dipoles is changed in the transport reactions. The times of dipole relaxation and the rate 
constants of hydrogen bonds redistribution reaction are calculated. Found out linear 
dependence )()ln( 1−= TfTkB  shows that considered processes are not collective ones.  
The likely mechanism of hydrogen bonds redistribution reactions is discussed. The vibration 
temperature of reaction centre of active complex is supposed to be equal to the temperature of 
the phase transition. For even alkanes this temperature is the temperature of melting, for odd 
alkanes it is the temperature of rotation-crystal transition. The reactions of C-H-…-C bond 
transport are considered. The excitation of these reactions leads to decay of active complexes 
to the decay products.  
The enthalpy and entropy of activation, oscillation frequencies, transmission coefficients of 
these reactions are calculated. The value RBE /+∆ , where +∆E is the fluctuation of current 
energy of excitation, needs for appearing of transitional state in active complex, RB  is the 
standard fluctuation of current energy of excitation, is found as well. The ratio RBE /+∆  is 
close to four for all studied hydrocarbons. The obtained values of oscillation frequencies are 
found to be close to the frequencies of antiparallel oscillation in polyethylene determined by 
the combined methods of light scattering and scattering of thermal neutrons. The determined 
peculiarities of variation of obtained dielectric, thermodynamic and kinetic parameters are 
analysed in homology series of normal hydrocarbons. 
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Isothermal depolarization currents have been carried out on poly-diethyl itaconate (PDEI)1 at 
temperatures close and above the glass transition. In order to obtain the permittivity and loss 
factor from isothermal currents measurements, the Hamon2and Brather3 approaches have been 
used. The results are combined to ones obtained by dielectric spectroscopy in the frequency 
domain. The dielectric modulus and complex polarizability have been also calculated4 and the 
resulting spectrum shows three relaxation zones. 
In the frequency range, from 100 and 105 Hz, a broad dipolar process can be observed, 
associated to a αβ process, probably. This process results from the overlapping of the α glass 
transition with secondary process arising from side chain motions. This process has about 
three decades in broadness and can be fitted to an empirical Havriliak-Negami equation5.  
At frequencies between 10-1 and 10-4 Hz a narrow process has been observed which can be 
attributed to free carriers’ conductivity. This peak can be fitted to an empirical Cole- Davison 
equation6, and its broadness is about 1.3-1.6 decades. This peak shows Arrhenius’ behaviour 
and can be enhanced by the addition of inorganic salts. 
The lower frequency peak, which is observed only in modulus and polarizability 
representations, appears at frequencies below 10-4Hz. This peak is probably due to a 
conductivity process, and is controlled by a single relaxation time, because its half width is 
close to 1.14.  

Fig. 1: Loss  Factor Representation of PDEI at 75ºC(■), 80ºC(○), 85ºC(∆), 90ºC(▼), 95ºC(◊), 
100ºC(X) 
 
[1] Díaz Calleja, R. , Gargallo, L. , Radic, L. Macromolecules,  28, 6963 – 6969 (1995). 
[2] Hamon, B.V. Proc. Inst. Elec. Engrs. 99, Pt.VI, Monograph 27. 
[3] Brather, A. Colloid & Polymer Sci. 257, 785 – 794 (1979). 
[4] Scaife, B.K.P. Proc. Phys. Soc., 81, 124-129, (1963) 
[5] Havriliak, S.; Negami, S. Polymer, 8(1), 161 (1967); Havriliak, S.; Negami, S. J. Sci,   
Polym. Symp, 14, 99 (1966). 
[6] Davison D.W., Cole R.K., J. Chem. Phys. 18, 1417 (1950). 
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Wholly aromatic poly(ether imide)s (PEIs) are a well-known class of high-performance 
polymers with various applications in the electronics and aerospace industry. PEIs are 
characterized by their outstanding mechanical properties and high glass-transition 
temperatures (Tg) [1]. Although many PEIs have been synthesized over last three decades no 
consistent data are available on how mechanical properties (E' and E") and thermo-physical 
properties (Tg, Tm) vary as a function of arylether content. In particular, not much information 
exists on how sub-Tg relaxation processes, such as the β-process, can be related to the 
molecular structure. In order to establish these structure-property relationships we have 
synthesized a homologous series of unsubstituted, wholly aromatic poly (ether imide)s, where 
we use para, meta and ortho substituted arylethers of different chain lengths.  
In this study, the local and cooperative dynamics of four homologue series of PEIs was 
studied by broadband dielectric spectroscopy (BDS) in the frequency range from 10-1 to 107 
Hz. Most compounds were found to be fully amorphous and revealed typically a clearly 
discernible dielectric α-process, related to the dynamic glass transition, and a single 
secondary relaxation (β-process). Some clear correlations between the structure (type of the 
imide part, type and length of the ether part) and the relaxation parameters could be identified 
and were discussed in the framework of cooperativity concepts for the structural relaxation 
(fragility) and the contribution of entropy fluctuations (activation entropy) to the β-process.  

  
Fig. 1  Structures of the four series of poly(ether imide)s: a) BPDA-Px (a), b) BPDA-Mx, c)  
OPDA-Px, and d) OPDA-Mx. For all variants, x was varied between 1 and 3. 
 
[1] Ghosh, M.K.; Mittal, K.L. Polyimides, fundamentals and applications, Marcel Dekker: 

New York, 1996.
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Oligomers of butadiene find application e.g. as adhesives, insulation of wires and cables, 
bonding for PS foams, PU modification and sealing. In our laboratory we examined their 
dielectric properties. The objective of our research was to determine the origin of the 
relaxation, i.e. mainly the frequency and temperature behavior as well as conductivity. 
Measurements were carried out using the HP16451 electrode system and the HP4284A LCR 
analyzer. Samples of oligobutadiene supplied were at the room temperature very viscous so 
that a droplet of oligobutadien was expelled from a syringe in the form of a droplet to the 
bottom electrode. Then, the top electrode was screwed down, so that the droplet flowed away 
and formed a dielectric layer between both electrodes. The distance between electrodes was 
kept constant 100 µm by glass fibers. An important issue was the selection of the sufficiently 
small amount of oligobutadien. 
In this abstract only some selected results are presented, mainly below the room temperature 
(down to -20 °C). The results are shown in Figure 1. 
The measurements might be interpreted as the evidence of the presence of at least one 
relaxation process within the experimental frequency window. The slope of the relaxation 
maximum has the value of (0.48) which indicates a partially cooperative character of dipole 
motions.  The relaxation process shifts from the high-f side to the low-f side and becomes 
unsymmetrical as the experimental temperature decreases. The lack of symmetry might be 
due to the presence of either another relaxation process or conductivity which is seen at room 
temperature. This will require a further investigation.  

This paper is based in the research supported of the project MSM 26200022 and of the grant 
project No.102/03/621 provided of the Grant Agency of the Czech Republic. The support of 
both projects is gratefully acknowledged.   
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This paper describes the low-frequency (42Hz to 5MHz) response study of a thin piece of 
silicone rubber. The silicone rubber piece was measured for its capacitances and dissipation 
factors, from which the corresponding real and imaginary permittivities were computed. The 
frequencies setting was controlled from a personal computer. At each frequency, an average 
of certain numbers of capacitance and dissipation factor reading were taken and an interval of 
one second was given between successive readings. The computed results show a relaxation 
behaviour with somewhat of superimposed resonances. 
The silicone rubber piece was then subjected to a Fourier Transform Infrared (FTIR) scan.  
The data obtained from the scan was then employed in a simulation that makes use of second 
order differential equations (harmonic oscillator, LCR equivalent1, resonance spectra2) 
mathematical model. Overtones effect and damping factors were introduced to the data during 
the simulation. Note that the model was originally introduced to describe the dielectric 
frequency response. Debye and workers after him reduced the model to that of a first order by 
assuming the damping factors involved are large enough. The simulation result shows a 
similar response to that obtained experimentally. The peaks and valleys of both simulation 
and experimental results match correspondingly at almost all the frequencies. 
 
References 
 
[1] A.R. von Hippel, Ed., Dielectric Materials and Applications, Artech House, Boston, 

1995, pg 36, 41 
[2] J.C. Anderson, Dielectrics, Chapman and Hall Ltd., London, 1964, pg 46-47 
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The object of this thesis is to measure and to analyse dielectric spectra of  oligomer materials. 
The analysis and subsequent interpretation is based on detailed observation of temperature 
dependencies of the relaxation processes in different frequency range.  
It’s necessary to select an appropriate analytical method for a research characteristic of 
materials. One of the modern experimental methods is dielectric relaxation spectroscopy 
(DRS). This thesis is engaged in DRS of oligohydroxibutadiene. Surveyed sample is analyzed 
and evaluated in the frequency domain by the different temperatures.  
The subject of experimental research and consequential analysis of dielectric spectra has been 
hydroxyled oligobutadiene LBH, made in Kaucuk Kralupy Inc., which producer sells with 
trademark KRASOL LBH. Oligobutadiene belongs to synthetic rubbers, which are matters 
containing dual bindings determining their characteristics. 
Measurements in the frequency domain were carried out by measuring on the Hewlett 
Packard HP 4284A precision LCR meter and dielectric test fixture capacitor HP 16451B.The 
sample was analysed in the temperature chamber, which was made for this experiment. 
 

Fig. 1  Made temperature chamber for experiment 

 
[1] Havriliak, S., jun. – Havriliak, S.J.: Dielectric and mechanical relaxation in materials. 

Hanser/Gardner Publications Munich 1997.  
[2] Producer technical documentation.: http://www.kaucuk.cz/. 
[3] Kameník, R.: Dielectric spectra of hydroxyoligobutadien. [MSc  thesis]. BUT FEEC 

Brno 2002. 
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This work is devoted to the study of structure-property relationships in poly(sodium acrylate) 
(PSA) polymer networks. The main attention was paid to the investigations of the effects of 
structure on molecular mobility and ionic conductivity, especially at different water contents. 
Lightly cross-linked PSA gels were synthesized by radical polymerization of acrylic acid in 
an aqueous solution in the presence of equimolar amount of NaOH. The monomer 
concentration in the reaction mixture was 30%. Prior to dielectric measurements, the vacuum 
dried gel samples were swollen in water vapour in closed jars above saturated salt solutions at 
controlled relative humidities, to obtain gels with various water content. 
Investigations of PSA networks were made by means of broadband dielectric relaxation 
spectroscopy (DRS, 10-2–106 Hz), and of thermally stimulated depolarization currents (TSDC) 
techniques (77–300 K). DRS and TSDC measurements were performed at several levels of 
water content. 
Water sorption properties were measured by isothermal sorption measurements. Sorption 
isotherms were fitted by the Guggenheim-Anderson-de Boer equation.  
The results of DRS measurements at low frequencies/high temperatures, where conductivity 
effects play an essential role, were analyzed using permittivity and modulus formalisms.  
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An investigation was carried out on the effect of molecular architecture on the dynamics of 
multigraft (MG) copolymers of polyisoprene (PI) and polystyrene (PS). MG copolymers with 
regularly spaced multiple grafts with tri-functional (combs), tetra-functional (centipedes) and 
hexa-functional (barbwires) branch points were synthesized by anionic polymerization and 
studied by dielectric relaxation spectroscopy (DRS) and dynamic mechanical spectroscopy 
(DMS). The PI precursors were characterized by the presence of segmental and normal mode 
processes. The temperature dependence of the dielectric relaxation time for the segmental (τS) 
and normal mode (τN) process was of the Vogel-Fulcher-Tammann (VFT) type. In the 
entangled regime τN scales with M4.0. The major findings for the MG copolymers are as 
follows: 1) all MG copolymers are characterized by the presence of segmental and normal 
mode relaxation; 2) τS is independent of molecular weight and architecture; 3) τN is slower in 
a MG copolymer than in its PI precursor; 4) τN in a MG copolymer of a given architecture is 
not a function of the overall molecular weight or the number of branch points; 5) the 
difference between the normal mode relaxation time for a MG copolymer, τN(PIPS), and its PI 
precursor, τN(PI), defined as ∆τN = τN(PIPS) - τN(PI), depends strongly on the molecular weight 
of the PS graft (MPS). An explanation was offered for the reasons underlying the observed 
slowdown of the normal mode relaxation in MG copolymers vis-à-vis their PI precursors.  
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Polyurethanes (PU) are a group of polymers, which have found many applications in industry 
in a form of foams, elastomers, coatings and fibers. Their chemical structure contains the 
polar group –NHCOO formed through the reaction of diisocyanate and diol. Such polar 
materials are very convenient for dielectric spectroscopy, and dielectric properties of 
polyurethanes with linear or crosslinked structure are already well described in the literature. 
In this work we present investigations of molecular relaxations for a new class of PU 
networks crosslinked with hyperbranched polymers.  
Several PU systems based on hyperbranched polyesters (trade name Boltorn® H40, Perstorp, 
Sweden) and on macrodiols with two different molecular weights were synthesized with an 
aim to get networks with different architecture. The functionality of the Boltorn molecules 
and, as a consequence, the degree of crosslinking of the PU network, was varied by blocking 
some parts of the –OH groups. Also the length of the chains between the crosslinking points 
was varied. Such differences in the network structure should result in differences in molecular 
dynamics of the chains.  
Molecular relaxation processes in these PU systems were investigated by means of broadband 
dielectric relaxations spectroscopy (DRS) and for comparison by dynamic mechanical 
analysis (DMA). Glass transition temperatures were determined by differential scanning 
calorimetry (DSC). In the DRS and DMA spectra for all the investigated PU systems one can 
distinguish three relaxation processes. The relaxation at higher temperature is related to their 
Tg and is in an agreement with the DSC results. At lower temperature we observe two sub-Tg 
relaxations, β and γ, related to the local motions of the chain segments. The molecular 
assignment of these secondary relaxations was based on a comparison with the relaxation 
spectra of the components used for the synthesis of these PU networks.  
It was found that a change of the length of the PU chain has only weak influence on the 
dynamics of the obtained network. With an increase of the number of the macrodiol segments 
a slight decrease of Tg and of the maximum temperature of the associated dielectric and 
mechanic relaxations is observed, but the secondary relaxations are not affected. The 
functionality of the Boltorn has also rather small effect on the molecular dynamic of the PU 
network. With decreasing functionality of the crosslinking molecules the glass transition 
increases and additionally a decrease of amplitude of the β-relaxation is observed. The 
γ−relaxation process is independent on the Boltorn functionality.  
DRS, DMA and DSC techniques yield consistent results concerning molecular relaxation 
processes in such PU network, however the dielectric spectroscopy appears to be the most 
sensitive in detection of the secondary relaxation processes. 
 
This work was partially supported by the KBN projects No. 4T09A 149 25 and 4T08E 012 23 
(Poland) and M.I.R.A. grant (Mobilite Internationale Rhone-Alpes) (France). 
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6. Functional materials and devices 
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In the present work we investigate the photoconductivity properties of CdTe crystals in wide 
range of temperature (T=10–320K). The study of lifetimes of non-equilibrium charge carriers 
and their recombination mechanisms are particularly important in the designing of 
photovoltaic devices and for use as X-ray and γ-ray detectors. The bulk vapor growth high 
resistivity CdTe samples (both undoped and doped with chlorine) were studied by using 
impulse emitting diodes. It was revealed that photoresponse transient form and the relaxation 
times depends on the wavelenght of the exiting radiation (red or infrared). The rising section 
of the photoconductivity signal is single exponenta while the decaying section consists of two 
exponential regions. Photocurrent amplitude and relaxation times stay almost constant at the 
temperature region of about 300-100K and then dramatically increases with temperature 
decreasing.  
In the paper we discuss the model of defects formed in CdTe and their role in the charge 
carriers recombination processes. In CdTe semiconductors these processes [1] give important 
information about the energy level structure, particularly about the existence of the 
recombination and trapping levels and their quantities. In the majority of semiconductor 
materials, all photoprocesses strongly depend on a number of parameters of a given material, 
especially on the energy level structure [2,3], which is closely related to the type and number 
of crystal lattice defects. 
 
[1] G. Ghislottil, S.M. Pietralunga, L. Ripamonti, J. Cryst. Growth 214–215 (2000) 212. 
[2] M.D. Kim, T.W. Kang, T.W. Kim, Solid State Commun 99 (1996) 117. 
[3]  C. Lhermitte, C. Vautier, Thin Solid Films 58 (1979) 83C. 
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Electrical characterization of Ag / DiMe-PTCDI /n-GaAs diodes was performed by 
combining current-voltage (I-V), capacitance-voltage (C-V) and charge deep-level transient 
spectroscopy (Q-DLTS) measurements. Both isothermal and thermal scan Q-DLTS spectra 
revealed three relaxation processes, the slowest one being due to redistribution of the applied 
potential step between the organic and inorganic component of the metal / organic / inorganic 
heterostructure i.e. dielectric relaxation (Fig. 1). The remaining two processes are interpreted 
in terms of two groups of traps in the organic layer, the amounts of trapped charges scaling 
with changes in the current density as deduced from the J-V characteristics. 
Assuming charge transport in the DiMe-PTCDI organic layer within a Gaussian distribution 
of density of states (DOS) with variance σDOS and a mobility proportional to exp[-
σDOS

2/(kT)2] [1], the thermal activation energy ∆E ≈ 0.3eV of the dielectric relaxation is used 
to calculate σDOS ≈ 0.09 eV (T = 300 K), which corresponds to the energy offset of the center 
of the DOS with respect to the mobility edge. 
Temperature dependent J-V characteristics in the range 100K-300K were also performed 
(Fig.2). The presence of traps is deduced from changes in the shape of the reverse bias 
characteristics and supported by additional changes in the slope at low forward biases 
according to the model of space charge limited currents under the presence of two groups of 
traps [2]. The effect of the series resistance is observed at high forward biases. In addition, a 
positive bias offset of current reversal at temperatures lower than 250K was observed, the 
offset increasing with decreasing temperature. A qualitative model is proposed to explain this 
anomalous dielectric relaxation. 

 

 Fig. 1 Isothermal DLTS spectra showing 
three processes: two sets of Gaussian 
distributed traps and dielectric relaxation in 
the organic material. 

Fig. 2 Temperature dependent J-V 
characteristics. The shift in the bias offset is 
an evidence of anomalous dielectric 
relaxation. 

 
[1] H. Bässler,  phys. stat. sol. (b) 175, 15 (1993). 
[2] A. Rizzo, G. Micocci and A. Tepore, J. appl. phys. 48, 8 (1977). 
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The work is based on comparative study of two types of composites containing metal and 
semiconductor (M/SC) nanoparticles: composites based on polymer or porous inorganic glass 
matrixes. Such investigation is permit to elucidate the effect of matrix on composite 
properties.  
M/SC nanoparticles immobilized in polymer matrices have generated considerable interest in 
recent years due to their distinct individual and cooperative physico-chemical, 
electrophysical, dielectric, magnetic, and optical properties. By varying the chemical and 
physical structure of the polymer matrix, it is possible to modify the size and coordination of 
the particles as well as the matrix-particle interaction. The preparation is based on a low-
temperature co-condensation of M/SC and monomer vapors followed by a low-temperature 
solid-state polymerization of the resulting co-condensates [1]. Stable metal clusters of varying 
size will be obtained also inside the porous glass matrix by the reduction of metal ions 
occluded on the surface of pores. 
Dielectric spectroscopy, linked with structural analysis methods such as SEM and Energy 
Dispersive X-ray Spectroscopy were used for studying the morphology and dynamic 
properties of these nanodispersed metal-containing polymers [2] and porous glass matrices. 
The temperature and frequency dependencies of the dielectric parameters of the various types 
of metal-glass composite samples were measured in 0.1 Hz-105 Hz frequency range and –120 
0C ÷ 300 0C temperature interval, while M/SC-polymer samples were measured in 20 Hz - 1 
MHz frequency range and –120 0C ÷ 100 0C temperature interval. 
In M-polymer samples at low temperatures and in the low-frequency range, an unexpected 
dielectric relaxation process for polymers is detected. This is a typical dielectric response for 
percolation behaviour. Analysis of dielectric relaxation parameters of this process allowed us 
to determine fractal properties of the percolation cluster [3]. Another relaxation process is 
typical for amorphous polymers and can be assigned to the α-relaxation that appears in the 
whole frequency range and in high temperatures.  
The dielectric response of a similar pure porous glass sample used as a basis for metal-glass 
composites preparation was studied in [4]. The complex dielectric behavior of metal-glass 
samples can be described in terms of a few distributed relaxation non-Debye processes. It was 
observed that the presence of metals changes the dielectric properties of the materials. The 
aim of the research was inferring the information about the effect of the metal additives on the 
dielectric and transport properties of the composites.  
This work is supported by the Russian Foundation for Basic Research (project 04-03-32493). 
 
[1] E.V. Nikolaeva, S.A. Ozerin, A.E. Grigoriev, E.I. Grigoriev, S.N. Chvalun, G.N. 

Gerasimov, L.I. Trakhtenberg, Mater. Sci. & Eng., C 8-9 (1999) 217. 
[2] L.I. Trakhtenberg, E. Axelrod, G.N. Gerasimov, E.V. Nikolaeva, E.I. Smirnova, J. 

Non-Cryst. Solids, 305 (2002) 190. 
[3] A. Puzenko, N. Kozlovich, A. Gutina, Yu. Feldman, Phys. Rev. B 60 (1999) 14348. 
[4] A. Gutina, T. Antropova, E. Rysiakiewicz-Pasek, K. Virnik, Y. Feldman, Microporous 

and Mesoporous Materials, 58 (3) (2003) 237. 
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Electro-optical properties of a side-chain liquid crystalline polymer (SLCP) are investigated 
by concerning the laser induced effects on molecular reorientation. In the scope of this work, 
various measurements were performed by an impedance analyzer to see the effect of laser 
illumination on the system, including a polymer component mixed in E7 coded nematic host. 
Dielectric anisotropy dependency is studied for the mentioned conditions and its dependency 
is quantitatively estimated via capacitive measurements. Performed experiments constitute an 
optimization basis possibility for liquid crystal based optoelectronic devices and 
characterization tool for understanding the molecule scale events in such systems. Presented 
measurements reveal that laser pumping causes a considerable decrease on the required 
amount of voltage for reorientation in the constructed composite. 
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Recently, polymer-foam electrets have attracted interest because of their charge-storage 
capabilities and their elastic anisotropies [1-3]. The combination of both properties yields the 
outstanding electromechanical behavior of such non-polar space-charge electrets. In these so-
called ferroelectrets [3], e.g. cellular polypropylene (PP), the electromechanical phenomena 
are caused by variations of the dipole size in response to externally applied mechanical strains 
or stresses (direct piezoelectric effect) or electric fields (inverse piezoelectric effect). In 
ferroelectret foams, the macroscopic dipole size corresponds to the height of the lens-like 
voids, in which charges of opposite polarity are trapped at the top and bottom polymer layers, 
respectively. Thus, ferroelectretic polymer foams allow us to investigate the influence of the 
dipole size itself (the size of the voids) on the resulting electromechanical properties. The 
necessary adjustment of the void size and shape may be achieved by means of controlled 
inflation processes [4, 5]. 
We demonstrate the controlled inflation of cellular PP films and the resulting adjustment of 
the void (and thus the dipole) size. As shown with scanning electron microscopy, the resulting 
height-width ratios lie between approximately one to ten and one to one for not-inflated and 
for maximum inflated films, respectively. Furthermore, we describe the charging process 
necessary for obtaining good electromechanical properties. The resulting electromechanical 
coefficients and elastic moduli were partly determined from the thickness-extension 
resonances observed in the dielectric spectra. It was found that optimal inflation with respect 
to the electromechanical properties leads to voids with height-width ratios of around one to 
three, accompanied by high electromechanical activities with transducer coefficients of 
typically several hundred pC/N and low elastic stiffnesses. Not optimally inflated foams show 
higher mechanical stiffnesses, which may be one of the reasons for the lower 
electromechanical activities observed on these cellular films. In order to check this 
hypothesis, modeling of the electromechanical properties was performed for various cellular 
structures. 
 
[1] M. Paajanen, The Cellular Polypropylene Electret Material-Electromechanical 

properties, VTT Publications Vol. 436, Espoo, Technical Research Center of Finland 
(2001). 

[2] R. Gerhard-Multhaupt, IEEE Trans. Dielectr. Electr. Insul., 9 (5), 850-859 (2002). 
[3] S. Bauer, R. Gerhard-Multhaupt, and G.M. Sessler, Physics Today, 37-43 (February 

2004). 
[4] M. Wegener, W. Wirges, R. Gerhard-Multhaupt, M. Dansachmüller, R. Schwödiauer, 

S. Bauer-Gogonea, S. Bauer, M. Paajanen, H. Minkkinen, and J. Raukola, Appl. Phys. 
Lett., 84 (3), 392-394 (2004). 

[5] M. Wegener, W. Wirges, J. Fohlmeister, B. Tiersch, and R. Gerhard-Multhaupt, 
J. Phys. D: Appl. Phys. 37 (4), 623-627 (2004). 
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NLO polymers are useful for the manipulation of light in thin layer devices [1-4]. The EO-
activity is achieved by a prior alignment of the NLO-chromophores in a strong poling field. 
Clearly, the loss of orientation should be small for long-term applications. 
Physical aging is known to slow down structural relaxations and so is likely to stabilize the 
orientation [3]. We have quantified the beneficial effect of aging by analyzing the long-term 
decay of the EO-coefficient at different temperatures for a number of NLO polymers. 
Usually, decay data are fitted to the common KWW-function. Instead we have rather 
modelled our data with a modified age-dependent KWW-function in order to account for the 
increase in the relaxation times by aging [3]. 
We have further quantified the change in the underlying distribution function. This was 
achieved by a Laplace transform inversion of the AD-KWW fit function. Several methods 
were developed to calculate the distribution in a reliable way [3]. 
Fig.1 illustrates the pronounced stabilization effect of aging. The AD-distribution is clearly 
flattened and extended to very long relaxation times. 
 
 
 

 
 
 

 
[1] R. Gerhard-Multhaupt (ed.): ‘Electrets’, 3rd ed., Vol.2, ch.14, Laplacian Press, 

Morgan Hill, California 1999. 
[2]  F. Ghebremichael, M.G. Kuzyk et al: Prog. Polym. Sci., 22 (1997), 1147-1201. 
[3] P.T.A. Klaase: ‘Structure dependent electro-optical properties of chromophore 

functionalized polymers’, PhD Thesis, Techn. Univ. Delft, 2002 
[4] D.L. Wise, G.E. Wnek et al (eds.): ‘Electrical and optical polymer systems’, 

Dekker, Basel 1998. 
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The measurements of permittivity ε=ε'-iε'' of materials is one of the basic methods for the 
determination of moisture W. In a number of applications, the variable density  ρ of a material 
has necessitated the development of density-independent microwave moisture meters. To this 
end, microwave sensors, combined with radioactivity densitometry, have been used 
frequently but the problem of safety restricts the widespread use of these devices in many 
industries. An alternative and established microwave-only approach, to the simultaneous 
measurement of moisture and density, is based on the determination of real and imaginary 
parts of a complex permittivity of a material (or any derivatives of them). However, it is 
known that these parameters are not, strictly speaking, independent, and in such cases the 
independent determination of moisture and densities cannot be resolved. This paper is 
devoted to theoretical and experimental researches of this problem. 
The relative contribution of the permittivity of a dry material, to the permittivity of a mixture 
of material and water, will diminish with increase water content, to a limit at which the 
influence of this contribution can be neglected. In this case any formulae defining the 
permittivity of a wet mixture, as a function of the permittivity of the individual components of 
the mixture, are transformed to functions of product W* ρ. In these cases it is impossible to 
determine moister and density. 
In this paper, the real and imaginary part of the permittivity of a wet material are calculated 
for different moister and density. Using developed model, the variation of ε" as a function of 
moisture content was calculated for a constant value of ε'. In experiments the stabilization of 
ε' can be obtained by changing the material density. The calculation was carried out for 
materials containing both free and bound water.  
Permittivity was measured for different loose materials under conditions of variable density 
and moister. Calculated data are in a good agreement with experimental results.   
Analysis of our experimental and calculated data has been shown that the application of two-
parametrical radio-wave method has essential restrictions. The boundaries of the application 
of this method for different materials and sensors are determined.  
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This paper describes the results of experiments aimed at determining the correlation among 
the electrode shape and the size of an EHD pump and its pumping force. In a vertical 
transmission pump in which ring and cylindrical electrodes were arranged in a parallel in the 
vertical direction, liquid was pumped from the cylindrical to the ring electrodes and the 
corona discharge was detected, so the Coulomb force supplied to the electric charges by this 
discharge, along with the electrostriction force, apparently acts on the liquid. In an 
intravascular EHD pump consisting of several millimeter ring and square shaped electrode, 
liquid flowed from the cathode to anode regardless of the polarity of the electrode in the 
absence of the corona discharge. This result indicates that the Coulomb force generated by 
electrification of impurities in liquid due to contact with the cathode is the pivotal pumping 
force. In case of using the ring and disk electrode, the liquid flowed from the disk to the ring 
regardless of the polarity of the electrode in the absent of the corona discharge.    
The above results indicate that a horizontal transmission EHD pump, which utilizes the 
electrostriction force and does not require true charge, can be developed by using ring and 
disk electrodes. 
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The investigation of electro-optical, dielectric and relaxation properties of cylindrical 
dendrimers (CD) in dilute solutions is a perspective method of studying conformation and 
dynamic characteristics of their macromolecules.  
We investigated CD of the first and the second generations with the average structural 
formula: 

 
Were dendrons structures are:  
 
 
 
 
 
 
It was found that when the generation number of dendrite substitutes is varied, the character 
of reorientation of CD1 molecules in electric fields in dioxane undergoes fundamental change. 
For CD1 of second generation it was obtained that the reorientation of the macromolecules in 
the applied electric field proceeds only by large-scale mechanism. In contrast for CD1 of first 
generation the relaxation of the macromolecules in electric field proceeds by the two 
mechanisms. The first is due to large-scale reorientation, the second – to the local motion of 
the small polar fragments of the macromolecular chain in the electric field. Equilibrium Kerr 
constant K of CD1 of second generation strongly depends on molecular weight. Using the 
theory of equilibrium electric birefringence in the solutions of kinetically rigid worm-like 
chains the Kuhn segment length A=90×10-8 cm for its macromolecules was calculated. This 
value is in good agreement with the data obtained by the methods of molecular 
hydrodynamics. Also it was found that in dichloroacetic acid the kinetic rigidity of CD1 and 
CD2 macromolecules decreases considerably. This effect is mainly due to the degradation of 
intramolecular hydrogen bonds between amide groups in the dendritic substitutes in 
dichloroacetic acid. That leads to the increase of the sizes of macromolecular coils, however 
the relaxation of CD macromolecules in acid solvents processes by small-scale mechanism.  
The dynamic properties of CD3 macromolecules in decaline and chloroform are close to that 
of CD1 in dioxane. In contrary the absolute values of Kerr constants of CD3 are considerably 
greater than for CD1. The detail dipolar-conformation analysis of all CD macromolecules was 
carried out. 
This work was supported by the Russian Foundation for Basic Research, projects 03-03-
32822, 03-03-32333 and the grant of the President of Russian Federation MD-123.2003.03. 
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7. Real-time dielectric spectroscopy; monitoring of structure evolution 
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Mid voltage cables working temperature vary during the day approximately between 50 and 
90°C. This temperature interval is located in the melting temperature range of XLPE and can 
promote melting and recrystallization processes within the material that affects space charge 
formation. Previous works in XLPE cable isolation by TSDC in the melting temperature 
range, have shown a rather complex behavior with a broad heteropolar current peak located 
between 50 and 120°C. Several intensity current maximums were detected, that appreciably 
depend on thermal history and annealing condition of the material [1]. Together with this 
heteropolar response, a homopolar contribution was observed at approximately 98°C that 
increases with thermal annealing. The origin and evolution of the homopolar contribution was 
explained in previous works in terms of diffusion of some chemical components from the 
isolation surface into the bulk [2]. The broad heteropolar contribution was associated to 
charge released during materials melt, however its complex behavior evidenced the need of 
further studies. In the present work, a XLPE mid-voltage cable from General Cable co. was 
studied by TSDC and differential scanning calorimetry (DSC). The windowing polarization 
method (WP) was applied, in wich the polarizing field is only applied at a fixed temperature 
Tp and it is removed during cooling. Systematic measurements were carried out in order to 
establish the origin of the heteropolar current observed in the melting temperature range. 
Results showed, as expected, the presence of a broad and complex heteropolar contribution 
between 50 and 120°C. Experiments were performed polarizing at different Tp by two ways: 
(a) heating the samples from room temperature to Tp, and (b) cooling them from the melt to 
Tp. The current intensity maximum is obtained for Tp=90°C, however it is remarkable that 
depolarization current is about ten times higher in curves obtained in the first case than in the 
second one. Other measurements, polarizing the sample at 85°C<Tp<95°C (where 
recrystallization is high) and for different polarization times (tp), showed that current intensity 
develops a maximum. To explain these results, a model is presented that takes into account 
the formation of new crystalline regions during polarization at Tp. These regions will growth 
in a polarized state and will depolarize afterward when crystal melts during the TSDC 
measurement. To check this model, calorimetric measurements as well as further TSDC 
experiments were carried out. DSC results confirmed the presence of recrystallization 
processes at Tp when the material is heated from room temperature, however these processes 
are less appreciable when the sample is cooled down from the melt. Further more, when the 
material is annealed at Tp previous to polarization stage, TSDC discharge showed an 
appreciable decrease explained by the decrease in recrystallization rate with time. TSDC-WP 
measurements cooling down the samples from the melt to Tp at slower cooling rates, showed 
as well a decrease in the depolarization intensity current in good agreement with model 
predictions. 
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The temperature dependence of the real and imaginary part of the dielectric constant cold 
crystallization and amorphous PHB measured at temperatures between 0-100 0C. The 
measurements have been carried out at the frequency range 102-106 Hz. The frequency 
dependence of the real and imaginary part of the dielectric constant shows that the compounds 
have relaxation behavior in mentioned temperature interval. The relaxation times of the 
compounds are estimated to be about 10-3-10-4 sec from the Cole-Cole plot analysis [1]. The 
activation energies calculated from the Arrhenius relation 0 exp( )E

kTτ τ= −  [2]. A numerical 
comparison has been made of the compounds for relaxation characteristics.  
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The complex process of polymer crystallization has been studied for long time by many 
authors, in particular to observe pre-ordered structure before crystal formation. Our work aims 
to discuss existence of pre-ordered structure in polymers. So we have performed several 
dielectric relaxation experiments to study the influence of crystallization and melting on the 
dielectric permittivity of PCL, iPP, PE and PET. For poly(ε-caprolactone), PCL, a 
pronounced peak at 20 Hz in ε’ during crystallization is observed. This peak appears long 
time before changes due to main crystallization can be detected. The peak observed in ε’ for 
PCL is more pronounced than that for other polymers. The observations support the presence 
of pre-ordered structures at early stages of crystallization of PCL. 
We performed similar detailed experiments on isotactic polypropylene, iPP. Several 
isothermal experiments at different annealing temperatures were carried out to study the 
crystallization process. During these experiments, a peak in ε’ is observed. The peak in ε’ is 

shown in Fig. 1, part B. This behavior 
of iPP seems to be the same than the 
observed behavior for PCL [1]. 
In part B the dielectric permittivity at 
140 °C (for example) starts to 
increase after about 6,000 s (vertically 
dashed line). The comparison with 
evolution of crystallinity from 
calorimetric data, part A, shows, that 
the increasing of ε’ and crystal 
formation proceed simultaneously. 
Also tan δ from mechanical 
experiments decreases at the same 
time. From above we can say that the 
observation of a peak in ε’ during 
isothermal crystallization may be 
related to morphology of the polymer.  
 
Fig.1: Time dependence of the 
crystallinity χc from DSC (Part A), the 
real part of dielectric permittivity ε’ 
from DS (Part B) and tan δ from 
DMA (Part C) experiments, during 
isothermal crystallization of iPP at 
different crystallization temperatures. 
 
 
 

[1] Wurm A., Soliman R., Schick C. Polymer 44(2003) 7467-7476.   

4

6

8

0,0

0,1

0,2

0,3

0,4

0,5

0,6

145 °C

142.5 °C

140 °C
137.5 °C

 
 

 

 χ χχχ
c DSC

(A)

145 °C

142.5 °C

140 °C137.5 °C

 

  ε εεε
'

DS
f=0.01 Hz (B)

103 104 105

1

10

145 °C

142.5 °C
140 °C

137.5 °C
147.5 °C

f=0.003 Hz

 ta
n 

δ δδδ

 

 t in s

DMA
(C)



 150 

8. Liquid crystals and ferroelectric materials 
 
 

Broadband dielectric resonance spectroscopy on  
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Dielectric spectroscopy is not only a versatile tool for the study of conduction and molecular 
relaxation processes [1], it also provides a means for the electrical measurement of acoustical, 
mechanical and electromechanical tensor elements of piezoelectric materials [2]. Such 
measurements are based on the analysis of piezoelectric resonances. Unlike molecular 
relaxation peaks, where the full width at half maximum of the loss peak is at least one decade, 
resonance peaks are much narrower. Therefore, the frequency resolution of the measurements 
must be increased around the resonance peaks. Depending on the mechanical and 
piezoelectrical tensor elements under investigation, different electrode geometries must be 
used. With free standing samples of length L, width W and thickness T, where L>>W>>T, the 
s11, s22 and s12 elements of the elastic compliance tensor, and the d31 and d32 piezoelectric 
tensor elements can be determined from length- and width extension resonances; whereas the 
c33 element of the elastic stiffness tensor and the h33 piezoelectric tensor element follows from 
thickness extension resonances. 
For ferroelectric polymers, piezoelectric resonances are superimposed on a broad dielectric 
relaxation process. Therefore, it is essential to employ broadband dielectric relaxation and 
resonance spectroscopy in correctly analyzing the piezoelectric resonances. The technique is 
well suited for discriminating between uniaxially or biaxially stretched ferroelectric polymers 
from simple electrical measurements. 
Cellular ferroelectretic polymers are essentially based on nonpolar polymers, therefore the 
dielectric function shows practically no dispersion over a wide range of frequencies. 
Ferroelectretic polymers exhibit strong piezoelectric properties after internally charging the 
voids of the material. The piezoelectric resonances in ferroelectrets are therefore easily 
detected, since they are not superimposed on broad molecular relaxation processes. Here we 
show that the geometrical form of the voids within the cellular polymer is directly reflected in 
the strongly anisotropic mechanical and electromechanical properties of cellular polymers, 
thereby paving the way for tailoring material properties of cellular polymers. 
The chosen examples have shown that dielectric resonance spectroscopy has become an 
important tool for the in-situ study of elastic and piezoelectric properties of polymers, and for 
the further optimization of such materials. 
 
Work partially supported by the FWF 
 
[1] F. Kremer and A. Schönhals (Eds.), Broadband Dielectric Spectroscopy, Springer, 

Berlin 2002 
[2] for a review see A. Mellinger, IEEE Trans. Diel. Electr. Insul. 10, 842 (2003). 
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The influence of ac measuring field on dielectric constant of SrTi18O3 was studied. Dielectric 
dispersion typical for domain wall oscillations was observed below Tc. In ferroelectric phase 
the linear dielectric response increases with increasing measuring fields, thus indicating that 
domain wall contribution becomes dominant.  
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Odd-numbered polyamides can form ferroelectric domains, in which the polymer chains are 
aligned in parallel and the amide-group dipoles are oriented perpendicular to them. The 
domain structure is thermally stable up to the melting region because the amide groups are 
linked by hydrogen bonds (doubly oriented hydrogen-bonded sheet structure [1]). The 
excellent thermal stability of the ferroelectric polarisation makes the odd-numbered poly-
amides promising candidates for high-temperature electromechanical sensor applications. 
Ferroelectric polyamide 11 (PA 11) films were prepared by melting the powder (RILSAN B) 
at 220 °C, quenching in ice-water, uniaxial stretching at a ratio of nearly 3:1 (cold drawing), 
and subsequent electrical poling above the coercive field (75 MV/m) at room temperature. 
The films show very good thermal stability of the piezoelectric activity. A heat treatment just 
below the melting region (170 °C), however, leads to an initial partial decay of the piezo-
electric activity [2]. Dielectric relaxation spectroscopy (DRS), differential scanning 
calorimetry (DSC) and dynamic mechanical analysis (DMA) are employed in order to 
investigate the structural changes caused by quenching, cold drawing and annealing and to 
draw conclusions for optimising film preparation. The results are evaluated in two directions: 
(1) A relaxation map of PA 11 is derived from DRS by means of a Havriliak-Negami analysis 
that particularly shows the crossover region of the α relaxation, connected to the glass 
transition, the local β1 (Johari-Goldstein) relaxation, and the high-temperature (a or Williams-
Götze) process. The α trace sets in at about 120 °C, at first it runs parallel to the a-β1 trace, 
separated by about one frequency decade, but upon approach to the glass transition, it 
becomes significantly bent. In the crossover region, with decreasing temperature, the strength 
∆ε of the α relaxation increases whereas the strength of the a-β1 process decreases. Below the 
glass transition, the strength of the β1 relaxation is only weakly dependent on temperature. 
(2) It is shown that the α relaxation is considerably slowed down by cold drawing, but this 
process is at least partially reversible upon a suitable heat treatment. Furthermore, between 
150 and 170 °C, a crystallisation process is detected in the cold-drawn film. These findings 
help to understand the observed thermal behaviour of the piezoelectric activity: thermal 
treatment just below the melting region stabilises the ferroelectric polarisation, but also 
removes non-ferroelectric contributions to the polarisation. It is assumed that the thermal 
treatment enhances the order in the ferroelectric domains by means of closer chain packing, 
but also randomises imperfectly ordered structures. 
 
[1] J.I. Scheinbeim, and B.A. Newman, Electric Field Induced Changes in Odd-numbered 

Nylons, Trends in Polymer Science, Vol. 1, 394-400 (1993) 
[2] P. Frübing, A. Kremmer, W. Neumann, R. Gerhard-Multhaupt, I.L. Guy, Dielectric 

relaxation in piezo-, pyro- and ferroelectric polyamide 11, IEEE Trans. Dielectr. 
Electr. Insul., Vol. 11 (2004), No. 2, pp. 271-279 
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The dielectric spectra of composite materials on the basis of natural and synthetic rubbers 
filled with a ferroelectric ceramic powder PZT (lead zirconate titanate) were studied in this 
paper. The filled composites were used as an additional insulating layer with the specific 
characteristics in HV cables for the electric field control. It was demonstrated that the study of 
the relaxation dielectric spectra parameters allows the energy of the work of adhesion and the 
optimal filler content in a matrix to be estimated. The stabilization of dielectric properties of 
composites is observed at the frequency range 50…500 Hz at the optimal filler content in the 
matrix. It is very important insofar these composite were used as the additional insulating 
layer in HV power distribution cables.  
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In the present work we draw attention to the recently observed features of compositionally 
disordered materials that undergo well-pronounced structural phase transitions. In the states 
with polar macroscopic ordering we have detected the near frequency-independent loss beha-
vior (1/f noise) , which is usually attributed to the systems lacking long-range order, e.g. di-
polar glasses and relaxors [1,2].  
Another noteworthy feature has been revealed in (1-x)BiScO3-(x)PbTiO3 [3] and 
(K1/2Na1/2)NbO3 in 108–2×109 Hz range. The corresponding process, being superimposed on 
the near frequency-independent loss background, is characterized by a rather sharp loss 
maximum with temperature independent mean relaxation time. Comparison between high-
frequency and IR-data [4] shows that there could be room for the same excitation in 
(Na1/2Bi1/2)TiO3  located above 2 GHz. As similar polarization process observed by Arlt and 
coworkers [5] in PZT ceramics was attributed to the shear wave emission due to the 90˚-
domain walls, an effort has been made to compare responses of ceramics with both poled and 
unpoled single crystals in order to check this hypothesis. 
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Fig. 1 Dielectric function of (K1/2Na1/2)NbO3 : (a) temperature dependence of permittivity; (b) 
corresponding loss spectra at selected temperatures. 
 
[1] Kamba, S. et al., Phys. Rev. B, 66 (2002), 54106. 
[2] Rychetsky, I. et al., J. Phys.: Condens. Matter 15 (2003), 6017. 
[3] Porokhonskyy, V. et al., Appl. Phys. Lett. 83 (2003), 1605. 
[4] Petzelt, J. et al., J. Phys.: Condens. Matter  (accepted). 
[5] Böttger, U., and Arlt, G., Ferroelectrics 127 (1992), 95 ; Arlt, G., Dederichs, H., and 

Herbiet, R., Ferroelectrics 74 (1987), 37. 
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The study of physical properties of ferroelectric liquid crystals (FLC) confined to different 
porous matrices or filled with inclusions is an attractive area of growing interest. The 
thermodynamic properties of FLC especially near the second order SmA—SmC* phase 
transition can be significantly modified and affected by geometrical restrictions.    
The dynamics of collective processes of a ferroelectric liquid crystal S-(-)-2-methylbutyl   4-
n-nonanoyloxybiphenyl-4′-carboxylate [1-3] dispersed with different concentrations of aerosil 
particles near the SmA—SmC* phase transition is investigated by dielectric spectroscopy. 
The SmC* phase appears in a broad range of temperatures and can be easily supercooled. For 
this material the spontaneous polarization Ps is about 2 nC/cm2. With decreasing temperature 
Ps falls rapidly to zero, inverts sign at a temperature of about 293 K and increase again in 
magnitude. Also the optical tilt angle shows rather unusual temperature dependence.  
For aerosil densities ρs < 0.15 g/cm3 considerable changes in dielectric relaxation strengths of 
Goldstone and soft modes are observed. The characteristic relaxation time of the Goldstone 
mode slightly increases with increasing concentration of aerosil. The frequency degeneracy 
taking place in the SmA—SmC* phase transition is lifted in the presence of silica and an 
increase in the frequency gap is observed. Complete disappearance of the Goldstone mode at 
ρs = 0.20 g/cm3 occurs along with significant broadening of the soft mode. 
In a point of polarization sign reversal a rapid drop of the dielectric strength and the 
disappearance of the Goldstone mode was detected for bulk FLC which agrees well with other 
experiments for the investigated material [2, 3]. However, with increasing concentration of 
aerosil particles the intensity of the Goldstone mode decreases much faster below and above 
the sign reversal point.  
The influence of aerosil inclusions on the collective relaxation processes and polarisation sign 
reversal are discussed taking into account the hydrogen bonded structures formed in the LC, 
the influence of interactions with hydrophilic surfaces, and the finite size effects on the 
formation of helical superstructure in the ferroelectric phase.  
 
[1] J. W. Goodby, E. Chin, J. M. Geary, J. S. Patel, P. L. Finn, J. Chem. Soc. Faraday 

Trans. 83, 3429 (1987). 
[2] R. Eidenschink, T. Geelhaar, G. Andersson, A. Dahlgren, K. Flatischler, F. Gouda,            

S. T. Lagerwall, K. Skarp, Ferroelectrics 84, 167 (1988). 
[3] I. Muševič, I. Drevenšek, R. Blinc, S. Kumar, J.W. Doane, Mol. Cryst. Liq. Cryst. 

172, 217 (1989). 
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The crystals were grown in evacuated quartz tubes by using the modified Bridgman method. 
According to the approach [1], the phase transition from incommensurate to ferroelectric 
phase occurred 201 K in TIS crystal can be explained in frame of type II model. The crystal 
undergoes a lock-in transition with locking the wave vector a constant value at this 
temperature. In this case the spontaneous polarization is a primarily order parameter and the 
phase transition can be described in terms of the thermodynamic potential where no Lifshitz 
invariant appears [2]. 
The peculiarities of the temperature behaviour of the dielectric properties with the effect of 
orienting a Bias field at low temperature qualitatively explained by means of the 
phenomenological theory. We have calculated the real part of the dielectric constant for 
layered ferroelectric crystal by using type II model under Bias electric field. An excellent 
agreement between theoretical and experimental results has been obtained.  
 

[1] B.R. Gadjiev, M.Yu. Seidov, V.R. Abdurakhmanov, Phys.Solid State, 38, 3 (1996). 
[2] Y. Ishibashi and H. Shiba, J.Phys.Soc.Japan, 45, 409 (1978). 
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The investigation of liquid crystalline (LC) phases in confined geometries has recently 
attracted much attention due to industrial and fundamental interest. One way to confine the 
LC polymer in nanoscopic domains is the synthesis of LC/Isotropic (I) microphase separated 
block copolymers. 
In the present work two series of LC/I diblock and I/LC/I triblock copolymers have been 
studied. The LC block is a side chain LC polymer with a cyanobiphenyl mesogen and spacer 
of 4 or 10 methylene groups. We have used SAXS to determine the domain mesostructure. 
Spherical, cylindrical and lamellar morphologies are observed with nematic/smectic LC order 
in the matrix or in the domain, respectively (see ref. [1]).  
The dynamics is studied by dielectric spectroscopy. For all morphologies investigated the LC 
block reveals four relaxation modes: two cooperative -α, δ and two local -β, γ. The molecular 
dynamics underlying the cooperative and local relaxation are apparently governed by different 
characteristic lengths. We found that the cooperative modes speed up if the domain size 
becomes less than 20nm. These changes are caused by the effect of confinement on molecular 
dynamics (see ref. [1]). At the same time, the local modes are less sensitive or completely 
independent of such spatial constraints (see ref. [2]).  
In general, the diblock and triblock copolymers display similar cooperative dynamics, but 
surprisingly different mesogen motion (β-process). Elongation of the spacer up to 10 
methylene groups changes the mesophase type (nematic to smectic) and considerably speeds 
up the cooperative modes due to inner plastization effect.  

 
[1] Zhukov, S.; Geppert, S.; Stühn, B.; Staneva, R.; Ivanova, R.; Gronski, W. 

Macromolecules, 2002, vol. 35, no. 22, pp. 8521-8530. 
[2] Zhukov, S.; Geppert, S.; Stühn, B.; Staneva, R.; Gronski, W. Macromolecules, 2003, 

vol. 36, no. 16, pp. 6166-6170. 
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In recent years there has been a great interest to the study of relaxor ferroelectrics (particularly 
model relaxor - lead magnoniobate (PMN)) behavior near the diffuse phase transition 
temperature. Special interest is broadband low- and ultra-low frequency dielectric 
measurements. We have used our dielectric data and had analyzed a spectrum of relaxation 
times of PMN in temperature range 240-265 K directly obtained from the experimental 
dispersion dependencies ε″(ω) (fig.1). The shape of this spectrum is slightly temperature 
dependent in this region and can be well described by the empirical law [1] 
ε″(ω)=[(ω/ω0)m+(ω/ω0)1-n]-1, where both sides of the curve obey power laws with exponents 
m ≈ 0.4 and n-1 ≈ -0.04. FWHM of spectrum is of about 10 decades in frequency. Such kind 
of strongly asymmetric and very broad spectrum of losses is observed in many polymers and 
glasses and is known as dipolar β-peak [1]. Our results have revealed that, starting from 
T≈240 K, the shape of spectrum becomes temperature dependent (fig.2). On the 
ultralowfrequency part of dispersion curves (ω/ω0<105) the deviation from universal law 
appeared. First its magnitude increases as temperature decreases, but at T≤230 K the shape of 
spectrum stabilize again, while the part at ω/ω0>105 continue to follow the mentioned above 
ω-0.04 power low at all temperatures. The change of the spectrum can be explained by the 
appearance of additional mechanism of relaxation below the freezing temperature T≈230 K. 
Temperature dependence of deviation from β-relaxation looks similar to the temperature 
dependence of ferrofluctuations’ fractal dimension in PMN, presented in paper [2]. 
Work is supported by RFBR grant N 02-02-16695a and CRDF grant RP1- 2361- ST- 02. 
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The dielectric properties of mesogenic terbium complex with the dodecylsulfate counter ion 
and with Schiff base (azomethine) ligand are reported. The ligand is the 4-alkoxy-N-alkyl-2-
hydroxybenzaldimine, with an alkoxy chain C14H29, and with  C18H37 as the N-alkyl chain.  
The complex formed a highly viscous smectic mesophase, which was afterwards identified as 
a smectic A mesophase (SmA). The melting point and the clearing point are 72°C and 86°C. 
The supercooling of the mesophase was observed. The chemical structure of the complex is 
 
[Tb(С14Н29О-C6H3(OH)CH=N-С18Н37)3(С12Н25SO4)3] 
 
The synthesis of this material has already been reported [1].  
The real ε′ and ε″ imaginary parts of dielectric permittivities of mesophase and of isotropic 
phase have been measured in frequency range 1kHz-100MHz. The refractive indexes nis in 
isotropic phase have been measured also. It was found that two Cole-Cole relaxation 
mechanisms are responsible for the dispersion of ε of mesogenic terbium containing complex 
in mesophase and isotropic phase in the investigated frequency range.  But high frequency 
limits  (ε2 = 3) is greater than square of refractive indexes (n2=2.2). It is mean that there are 
other relaxation processes in frequency range higher than 100MHz.   
The frequency dependences of ε′ and ε″ allow a determination of the relaxation times as 
function of temperature in smectic and isotropic phase.  The activation energy was evaluated 
from the Arrhenius plots. Activation energy of mesophase Us = 150 kJ/mol greater than 
activation energy of isotropic phase Uis=100 kJ/mol. Thus for the Tb-complex investigated in 
this work, the activation energy is close to the energy activation of liquid crystalline polymers 
and is greater than for low molecular weight mesogens and dendrimeric liquid crystalline 
materials. 
 
[1] Yu. Galyametdinov, Y. Haase, L. Malykhina, A. Prosvirin, I. Bikchantaev, A. 

Rakhmatullin, K. Binnemans. Synthesis, mesomorphism, and unusual magnetic 
behaviour of lanthanide complexes with perfluorinated counterions-Chem.Eur.J.-2001. 
V.7. No.1.P.99-105.  
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The ceramic samples were prepared by the solid state reaction. Detailed studies of the real and 
imaginary part of the dielectric constant of the compound as a function of temperature carried 
out at low temperatures. The measurements exhibit a ferroelectric phase transition of diffuse 
type at around 65 K. The quantitative assessment of the diffusivity of the broadened peak in 
the paraelectric phase was done using an expression 1 1

max max( ) /T T Cγε ε− −− = − [1]. The value 
of γ  calculated from the expression was found to be close to 2. Measurements of the real and 
imaginary part of the dielectric constant have been studied both as a function of frequency in 
mentioned temperature interval. The two different non-Debye relaxations were observed 
clearly at around the temperature of the dielectric constant maximum. The relaxation times for 
the relaxators calculated from the Cole-Cole plot analysis [2].  

 

[1] R.N.P. Choudhary, J. Mal, Materials Science and Engineering, B90 (2002) 1–6 
[2] E. Şentürk, Journal of Solid State Chemistry, 177 (2004), 1508-1512 
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The results of detailed investigations of the temperature behaviour of the dielectric constant in 
various temperature regimes as well as the thermal hysteresis and memory effects in TlGaSe2 
in the temperature interval of successive incommensurate and commensurate phase transitions 
are reported. Measurements of the dielectric constant along the polar axis were performed 
using capacitance bridge method at frequency 5 kHz. The samples were in rectangular form 
with 1 mm thick and 5x2 mm2 surface area covered with silver paste electrodes. A low-
temperature cryostat system permitted to stabilize temperatures with an accuracy of ±0.01 K. 
TlGaSe2 belongs to a group of ternary layered chalcogenide semiconductors with a 
monoclinic structure. On cooling it undergoes successive structural phase transitions to an 
incommensurate (at the temperature Ti ~ 120 K) and commensurate (at Tc~108 K) phases [1]. 
Besides, the appearance of the second incommensurate structure at the temperature about 242 
K and the coexistence of two polar sublattices at low temperatures were suggested in a result 
of our recent dielectric measurements [2].  
The results of investigations of temperature dependencies of the dielectric constant of 
TlGaSe2 measured in various regimes, including both the thermocycling and the 
measurements after annealing the sample at fixed temperatures in the incommensurate phase, 
indicate a noticeable influence of the sample prehistory on the dielectric behaviour of 
TlGaSe2. Peculiarities of the anomalies in the temperature dependence of the dielectric 
constant corresponding to structural phase transitions at the temperatures of 108 K and 115 K 
were discussed. In this frame the coexistence of two different incommensurate structures in 
TlGaSe2 was proposed. The phase transition at 115 K is considered as commensurate lock-in 
transition. As a result, a new model of succession of the structural phase transitions in 
TlGaSe2 has been suggested. 

 
The authors are indebted to Research Projects Commission of Gebze Institute of Technology 
for supporting this work by the Grant No. 02-A-01-02-04. 
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Detailed dielectric studies of the (Pb1-xLax)(ZryTi1-y)1-x/4O3 compound as a function of 
temperature in a wide frequency region (102 -109 Hz) have been made. The measurements 
revealed that this compound undergoes diffuse phase transition (DFT) [1] at around room 
temperature. The degree of diffuseness (γ) in broadened dielectric peak of the compound was 
found to be about 2 (at 102 Hz). The temperature and frequency dependence of the ac 
conductivity carried out in a wide temperature range. The frequency dependence of the ac 
conductivity may be given by the universal power law (∼ sw ) [2]. The frequency dependencies 
of the real and imaginary part of the dielectric constant at some fixed temperatures show that 
there are two dielectric relaxation mechanisms in mentioned temperature interval.  
The Cole-Cole plots are a good technique in order to investigate relaxation mechanisms in 
ferroelectric materials. The presence of two semicircles in the complex plane permittivity 
indicates the polydispersive nature of the dielectric properties of the crystal. The Cole-Cole 
representation of the frequency dependent complex permittivity *ε  may be presented by the 
well-known expression [3]. 

 

1 2

* s1 s2 s2 ¥
¥ 1-α 1-α

1 2

ε -ε ε -εε (w)=ε (w)-ε (w)=ε + +
1+(iwτ ) 1+(iwτ )

′ ′′  

 
 
[1] R.N.P. Choudhary, J. Mal, Materials Science and Engineering, B90 (2002) 1–6 
[2] A. Pelaiz Barranco, F. Calderon Pinar, O. Perez Martinez, E. Torres Garcia and  

A. Huanosta-Tera, Acta Mater., 49 (2001) 3289–3293 
[3] E. Şentürk, Journal of Solid State Chemistry, 177 (2004), 1508-1512 
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TlGaSe2 belongs to a group of ternary layered chalcogenide semiconductors with a 
monoclinic structure. On cooling it undergoes successive structural phase transitions to an 
incommensurate (at the temperature Ti ~ 120 K) and commensurate (at Tc~108 K) phase [1]. 
Besides, the appearance of the second incommensurate structure at the temperature about 242 
K and the coexistence of two polar sublattices at low temperatures were suggested in a result 
of our recent dielectric measurements [2].  
In the present report the results of measurements of time dependencies of the dielectric 
constant of TlGaSe2 in the commensurate ferroelectric phase are reported. Measurements of 
the dielectric constant along the polar axis were performed using capacitance bridge method at 
frequency 5 kHz. The samples were in rectangular form with 1 mm thick and 5x2 mm2 surface 
area covered with silver paste electrodes. A low-temperature cryostat system permitted to 
stabilize temperatures with an accuracy of ±0.01 K.  
It was shown recently [2] that the dielectric constant of TlGaSe2 exhibits a pronounced 
thermal hysteresis in the temperature range between 100 K and 108 K inside the 
commensurate phase. In order to check the relaxational behavior of these metastable states 
caused by pinning of the domain-like soliton structure after transforming the crystal from the 
incommensurate phase, the samples were cooled down than 108 K and then the time 
dependencies of the dielectric constant (ε) were measured at different temperatures. It was 
shown that the time evolution of ε can be best fitted with: 

0( ) exp( )t tε ε ε ε τ∞ ∞= + − ⋅ −  
where 0ε  and ε∞  - dielectric constant values at 0t =  and t = ∞  respectively, τ – is a 
relaxation time constant. Observation of  the decay of ε at different temperatures revealed a 
presence of two characteristic relaxation time constants with the same temperature behavior, a 
considerable increase of the relaxation times takes place at the temperature about 103 K. After 
such behaviour the time constants saturate on further decreasing the temperature. Such a 
saturation of two different relaxation time constants can be treated as a result of the 
stabilization of two coexisting and strongly interacting polar structures formed in a result of 
successive phase transitions at higher temperatures. In this frame the anomaly at 103 K 
observed recently by measurements of various physical properties of TlGaSe2 can be 
considered as a lock-in transition from metastable chaotic to commensurate antiferroelectric 
state. 
The authors are indebted to Research Projects Commission of Gebze Institute of Technology 
for supporting this work by the Grant No. 02-A-01-02-04. 
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The development of intrinsically conducting polymers has attracted great attention of the 
scientific community due to the increasing potential for technological application in 
electrochromic devices, sensors, electrolytic capacitors, rechargeable batteries, etc. 
Polyaniline (PANI) exposes characteristics such as electroactivity, electrochromism catalysis 
and electrical conductivity, which are important for the above mentioned applications. But 
this polymer also has some disadvantages. It is of the low thermal stability, low solubility and 
poor mechanical properties. In order to improve processability the development of composites 
or blends with conventional polymers has been employed [1].  
Here we present the results of the dielectric studies performed on composites based on PANI 
dispersed in a thin layer in the vicinity of the surface of an insulating polymer matrix 
(polyamide, polyvinylidene fluoride, polyethylene terephtalate).  
It appears that the rate of aniline polymerization and the depth of the penetration of aniline 
depend on the nature of matrix as found by the Raman spectroscopy. 
Electrocartography images of the surface of such composite materials obtained by AFM show 
a distribution of the conductive clusters of PANI on the surface of polymer matrix which is 
correlated with the dielectric relaxation processes (interfacial polarization effect, relaxation of 
conductivity). In addition, it was found that the behaviour of these processes depend of the 
nature of the polymer matrix.  

 
 

[1] Pud A.A., Ogurtsov N.,  Korzhenko A., Shapoval S. // Progress in polymer science, 
28, 2003, 1701-1753. 
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The technological applications of electrically conductive polymers are limited by some of 
their properties. Polyaniline (PANI) exhibits high conductivity and stability, however, its 
mechanical properties are poor compared to conventional polymers. That’s why a 
combination of conventional polymers with conductive polymers allows the creation of new 
polymeric materials with interesting electrical properties.  
The bulk conducting polyamide-PANI materials were obtained by the chemical 
polymerisation of aniline in the presence of a polyamide powder. Thus obtained composites 
were investigated by Dielectric Relaxation (DRS) and Raman spectroscopies.  
The estimation of the dielectric characteristics of obtained composites was performed in the 
frequency range of 1 Hz –10 MHz and temperature range of 173-423 K. It was estimated 
from Raman Spectroscopy that all particles of powder of polyamide were surrounded by 
PANI. 
The dielectric spectra of polyamide-PANI composites were analyzed by changing the dopants 
(p-toluenesulphonic and dodecylbenzene sulphonic acids). It was found that the measured dc-
conductivity strongly depends on the acid and increases with PANI content to reach a plateau 
for an overal of 10 % of PANI for both doping acids.  
A relaxation process is observed in all samples. The relaxation frequency increases with 
PANI content and hence with conductivity. The similar resultes were obtained for films 
prepared from the composite polyamide –PANI powders by compression molding technique.  
The observed correlation of dc-conductivity and dielectric relaxation provides evidence that 
both originate from the same transport mechanism. 
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The electrical and dielectric properties of the 12-tungstophosphoric acid, at several hydration 
levels, were investigated by means of broadband dielectric relaxation spectroscopy (DRS,   
10-2-109 Hz) in a wide temperature range, and of thermally stimulated depolarisation currents 
techniques (TSDC, 77 - 300 K). The current conductivity relaxation (CCR) and the 
conductivity relaxation (CR) were studied in detail [1] by using various formalisms of data 
analysis (permittivity and conductivity, complex impedance and electric modulus 
representations). CR is used to denote the change from dc to ac conductivity, whereas CCR 
refers to accumulation of charges at the end of conducting paths under conditions of dc 
conductivity for the system as a whole. As an example, figure 1 shows the imaginary part of 
the electric modulus, M″, at several temperatures indicated on the plot, where the peaks at low 
and high frequencies are attributed to the CR and CCR relaxations, respectively. The values 
of dc conductivity obtained for this system are promising with respect to technological 
applications such as in humidity sensors and electrochromic devices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  M″ versus frequency at several temperatures, indicated on the plot 
 
[1] T. Cajkovski, M. Davidovic, P. Pissis, G. Polizos, D. Cajkovski, V. Likar-Smiljanic, 

R. Biljic, Z. Nedic, U.B. Mioc , Solid State Ionics, 162-163, (2003), 203-208. 
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Wide-band-gap semiconductors are increasingly being used as a base semiconductor material 
for design and development of high temperature devices and optoelectronics. Lead oxide as a 
low temperature form of lead monooxides is a material of principal interest because of its 
numerous technological applications. The steady interest over the last decades in lead oxides 
system reflects its technical importance as well as its complex and still not well-understood 
physical behaviour. Physical characteristics of lead oxides were found to be of interest due to 
the anomalies defected in its structural and electric property [1].  
We provided low-frequency dielectric spectroscopy using a standard impedance bridge. The 
dielectric parameters of the metal-PbO-metal capacitor were investigated in the frequency 
range from 80 Hz to 20 kHz and in the temperature range from 293 to 700 K. Prominent 
dispersion of dielectric parameters points out on the intensive polarisation processes 
proceeding in low frequency range. Measurements indicate the existence of non-Debye 
relaxation mechanism. In order to clarify the origin of dielectric dispersion observed in PbO 
ceramics, the equivalent circuit based on the Maxwell-Wagner model was investigated by 
taking into account of microstructure of sample. The parameters of relaxation process were 
derived from analysis of equivalent circuit of replacement of dielectric investigated.  
The strong correlation between conductance and capacitance in frequency range under 
investigation was demonstrated by plotting Cole-Cole plot with frequency as the parameter. 
The influence of frequency factor pointed to relaxation nature of dielectric polarisation but 
interfacial polarisation and non-linear behaviour of dielectric permittivity within the grain 
made the interpretation of experimental data more complicated. The dielectric properties of 
these ceramics were explained by the space-charge effect, which strongly depends on 
temperature. The additional and practically interesting problem lies in the fact that the 
polarisation and conductivity are closely connected with photoelectric properties.  
The influence of the peculiarities of chemical bonding such as a lone pair of the electrons Pb2+ 
on physical properties of lead oxide samples being investigated is discussed. The tetragonal 
phase of PbO (P4/nmm) has a two-dimensional layer structure. The 6s2 inert pair of Pb2+ 
located in the interlayer between two Pb layers contributes to the Van der Waals interaction. 
This orbital of two electrons is encountered in compounds containing ions with an appropriate 
valence such as Pb2+ and Bi3+ [2]. Lead cations with an unshared electron pair are considered 
as factors, which favour the appearance of spontaneously polarized crystal structures. 
Dependencies of dielectric property anomalies on technological and experimental prehistory 
of the PbO samples testify to the fact that this state is due to disorder of the crystal lattice and 
to the steric effect of electronic lone pairs. The results of investigation suggest that the non-
bonding lone pairs can play an important role in the determination of polarisation properties 
of oxides semiconductors.  
 
[1] V.T. Avanesyan, Polarization phenomena in the lone pair semiconductors with 

naturally-disordered structure, Postdoctoral dissertation, St.-Petersburg, (1999). 
[2] Avanesyan V.T., Bordovskii V.A., Potachov S.A., J. of Non-Crystalline Solids, 305           
      (2002).      
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Oxide systems with Pb2+ cations are of interest, because the lone pair (LP) electrons of these 
elements cause asymmetric oxygen coordination, often resulting in acentric or even polar 
crystal structures with potential ferroelectric properties  [1]. The aim of our work is to 
describe the behaviour of dielectric parameters of polycrystalline Pb3O4 as a function of 
temperature and frequency and the possibility of using the LP concept for a better 
understanding of the dielectric properties of this material. The LP states appear to be very 
important in the physical properties and in the band structure of polycrystalline and 
amorphous semiconductors. 
Dielectric constant and losses were measured at temperatures 100…293 K and applied 
frequencies 80…2⋅103 Hz using an impedance bridge. Prominent dispersion of dielectric 
parameters points out on the intensive polarisation processes proceeding in low frequency 
range. The investigation of dielectric properties and pyrocurrents posses some anomalies near 
the low temperature phase transitions in Pb3O4. This is especially noticeable in the Pb3O4 
maximum, coinciding with a sharp energy gap rise at T~100K and accompanying the 
inversive change of colour from red to yellow as a result of both thermal effects and mixed 
bonds. 
More recently, some works have been completed which point out the influence of the LP in 
structural phase transitions in lead- and bismuth- containing compounds such as Pb3O4 [2]. 
All those works were based on the stereochemical properties of the LP. It was concluded that 
the probable influence of the electron LP of Pb2+ cations on dielectric properties takes place. 
The large value of Рb3O4 dielectric constant is related to the high polarisability of Pb2+ cation. 
A new approach of the problem consists in the introduction of core-shell interaction for such 
an ion as Pb2+. Pb2+ cation cannot be treated as a rigid sphere similar to Ca2+ or Si4+, which 
have stable outer shells and do not deform appreciably in an electric field. The large Pb2+ ion, 
having an incomplete outer electronic shell, is strongly deformed in an electric field. The 
frequency dependence of dielectric characteristics can also be explained on the basis space 
charge formation. 
This is consistent with the idea that a large portion of the ferroelectric polarisation is provided 
by Pb displacements (to accommodate the LP electrons). Therefore these displacements are 
closely coupled to the behaviour of these compounds in the low temperature phases. The 
correlation between chemical bonds, local energy states of electrons, and polarisation 
processes has been established. The research reflects the idea that besides bond formation, the 
non-bonding lone pairs are responsible for peculiarity of the physical properties of oxide and 
amorphous semiconductor systems.   
From experimental results and theoretical considerations, the new findings are possible to be 
considered as useful for the analysis of polarisation proccesses in other LP semiconducting 
systems. 
 
[1] V.A. Izvozchikov, V.T. Avanesyan, V.A. Bordovskii, G.A. Bordovskii, Ferroelectrics, 

18 (1978). 
[2] V.T. Avanesyan, Polarisation phenomena in the lone pair semiconductors with 

naturally-disordered structure, Postdoctoral dissertation, St.-Petersburg, (1999). 
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Low-dimensional semiconductor structures are of high interest due to their significant 
technological applications in microelectronic and optical industry. Porous Silicon (PS) is not a 
new material, but its microstructure and surprising properties have attracted much attention 
recently. Many works have been done on the optical properties of PS and subsequent devices 
based on it.  However, much less is known about their electrical and transport properties. 
The PS samples used for the study were prepared on the base of (100) p-type Si wafers (10-30 
Ωcm) using a standard routine [1]. Then the fresh PS samples were oxidized in dry oxygen 
ambient at 900 0C for different times, in the range between 10 sec and 90 sec.  
The dielectric measurements of oxidized PS samples were provide with an Alpha High 
Resolution Dielectric Analyzer (NOVOCONTROL) in the frequency range 0.1 Hz ÷ 1 MHz 
and in the -100 0C ÷ 250 0C temperature interval. The dielectric response of a similar non-
oxidized PS sample was studied in wide temperature and frequency ranges [1, 2], where three 
relaxation processes that dominate at low, moderate and high temperatures were observed (see 
Fig.1a). The amplitude of the low-temperature process, which represents an existence of 
additional groups of exited states in PS, is decreasing with increasing of oxidation time (Fig. 
1b). The process is disappeared in samples oxidized more than 30 sec. At the same time, the 
mid temperature process, which is associated with the percolation of charge excitation within 
the developed fractal structure of connected pores, degraded in well-oxidized specimens. At 
high temperatures and low frequencies a large dc-conductivity appears both in oxidized and 
non-oxidized samples (Fig. 1). Its amplitude is decreasing with increasing of oxidation time, 
but the activation energy is increasing from 0.48 eV for non-oxidized PS sample to 0.85 eV 
for PS sample, oxidized for 90 sec. Subtraction of the dc-conductivity allows us to analyze a 
high-temperature relaxation process for all studied samples. The relaxation times demonstrate 
non-Arrhenius behavior. The dynamical and structural aspects of the dielectric processes of 
oxidized PS samples are discussed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 3D plots of the imaginary part of the complex dielectric function vs. frequency and 
temperature for (a) 20 µm PS sample and  (b) 20 µm PS sample oxidized for 30 sec. 
 
[1] E. Axelrod et al, Phys. Rev. B 65, 165429 (2002). 
[2] E. Axelrod et al, J. Non-Cryst. Solids 305, 235 (2002). 
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Dielectric spectroscopy shows that at temperatures above the glass transition temperature, the 
electrical properties of polyethylene terephthalate (PET) are strongly influenced by space 
charge. In this paper we have studied the relaxation of space charge in a commercial grade of 
PET. Its conductive properties have been determined by dynamic electrical analysis, at the 
electrical modulus level. 
The real and imaginary parts of the electrical permittivity were measured at several 
frequencies at isothermal steps of 10 °C each from 80 up to 200 °C. The imaginary part of 
the electric modulus was calculated from the permittivity and it exhibits a peak in the low 
frequency range that can be associated with space charge (Fig. 1). 
This peak shifts to higher frequencies with the temperature and it has been fitted to 
Macdonald-Coelho model [1,2]. This model assumes that when an electric field is applied to a 
sample, free charges move through the sample towards the electrode of opposite sign and 
finally the accumulation of charges close to the electrodes results in a macrodipole. If the field 
oscillates, then the macrodipole is forced to oscillate with the frequency of the field, and a 
relaxation process appears, similar to dipolar relaxation. Two prevailing processes are 
considered for space charge relaxation: ohmic conduction and diffusion. In the model the 
behavior of the electrodes is taken into account by means of a parameter, the transparency 
factor. 
The fitting process has been done by means of a routine based on simulated ageing, using 4 
free parameters, resulting in interesting information about the dependence of conductivity, 
carrier concentration and carrier mobility on the temperature. 

Fig.1: Imaginary part of the electric modulus of PET versus the frequency for several 
temperatures: ▪, 120 °C; ●, 130 °C; ▲, 140 °C; ▼, 150 °C; ♦, 160 °C; +, 170 °C; ×, 180 
°C; *, 190 °C; │, 200 °C. 
 
[1] R. Coelho, Revue Phys. Appl. vol 18, pp. 137–146, 1983. 
[2] J.R. Macdonald, Phys. Rev. vol 92, pp. 4–17, 1953. 
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Metal oxide surge arresters have been applied in the protection of electrical equipment in 
power systems due to the extremely non-linear characteristics of ZnO varistors. In the service 
ZnO arresters are stressed mainly with their nominal AC voltage and current pulses. The 
degradation affects mainly the prebreakdown region of the current-voltage (I-V) curve and 
results in increased leakage current. 
ZnO-based varistors have been investigated since the early 1970’s. The microstructure of 
these varistors consists of semiconductive ZnO grains surrounded by a complex intergranular 
material. The research points out to the fact, that the junctions formed on the border between 
ZnO grains and the intergranular phase are responsible for a potential barrier rise, which 
control the current flow through the bulk of the ceramics [1-3]. The ZnO varistors have an 
excellent nonlinearity and energy absorption capability and are used in surge arresters in high 
voltage application in the area of power engineering. The stability of varistors against 
different stresses is recognized as one of the important problem. The varistor degradation 
occurs because of a decrease in barrier high caused by charge transport. Therefore dielectric 
spectroscopy (testing of the dielectric response in a wide frequency band) could be useful for 
the investigation of degradation changes, and so this method is proposed in this paper. In the 
technique, an AC electrical signal is applied to the sample and the real and imaginary 
components of the complex response are observed as a function of the AC frequency. 
The process of degradation is accompanied by an increase in the dielectric loss factor in the 
whole test frequency range. The real (C’) and imaginary (C”) components of complex 
capacitance C show an increasing tendency toward lower frequencies. This behaviour is 
typical for low-frequency dispersion (LFD) [4-6]. 
 
[1] M. Matsuura, H. Yamaoki, “Dielectric Dispersion and Equivalent Circuit in Nonohmic 

ZnO Ceramics”, Japan J. Appl. Phys., Vol. 16, No 7, pp. 1261-1262, 1977. 
[2] K. Eda, “Conduction mechanism of non-Ohmic zinc oxide ceramics”, J. Appl. Phys., 

Vol. 49, No. 5, pp. 2964-2972, 1978. 
[3] K. Eda, “Zinck oxide varistors”,  IEEE Electrical Insul. Magazine, Vol. 5, No 6, 1989 
[4] A.K. Jonscher, “Dielectric relaxation in solids”, J. Phys. D: Appl. Phys. 32, pp. 57-70, 

1999. 
[5] A.C. Gjarde, L. Lundgaard, E. Ilstad, “Effect of temperature and moisture on the 

dielectric properties of oil-impregnated cellulose”, 9 th Inter. Symp. On High Voltage 
Engineering, Graz, pp. 1060-1 – 1060-4, 1995. 

[6] A.K. Jonscher, L. Levesque, “Volume Low-Frequency Dispersion in a Semi-
Insulating System”, IEEE Trans. on Electrical Insul., Vol. 23, No 2, pp. 209-213, 
1988. 
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Using a method introduced by Albano et al [1] that is based on the concept of excess densities 
in the sense of Gibbs, and excess fluxes, an analytic expression is derived for the frequency 
dependent dipolar coefficient of a charged dielectric sphere in an electrolyte valid for all 
double layer thicknesses for low and for high zeta potentials. The expression is found to have 
the same form as the dipolar coefficient for a sphere surrounded by a multiple of shells of 
different complex conductivities. One shell can then be attributed to the diffuse double layer 
and another to the diffusion layer outside the double layer. Including a Stern layer in the 
model subsequently adds another shell with associated complex dielectric permittivities. 
Within the framework of the present model, experimental data on silica and hematite sols 
from the literature are discussed. Furthermore, experimental data on latex dispersions, 
measured by ourselves, are discussed in the context of the need to introduce a Stern layer 
conductance.  
Finally, the same theoretical framework is used to analyse experimental low frequency 
polarization data as often hampers the correct interpretation of data from experimental 
measurement cells.  
 
 
[1] Albano A.M., Bedeaux D., Vlieger J., Physica A 99(1979), 293; Physica A 102(1980) 
 105. 
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Epoxy resins are still interesting materials for dielectric studies due to their wide applications 
in electric and electronic industry [1]. The unique properties of epoxy resins such as thermal 
stability, photosensitivity and high adhesive strength are more much attractive then other 
polymers for use in electronic devices [2].  
We study a low molecular weight liquid diglycidyl ether of bisphenol-A ( Epon 828). 
Complex dielectric measurements in broadband frequency range from 103 to 1010 Hz were 
made previously by P.A. Rolla at all [3,4]. 
Our investigations are performed in the low-frequency range 10-3 – 104 Hz. The experiment 
was carried out in the time domain. The charging and discharging currents were measured for 
long time period. In the aim to get complementary information, this data were transformed to 
the frequency domain. 
The C’ end C’’ behaviour versus frequency points out charge carrier dielectric response rather 
then dipolar one. We propose that the main properties of the samples were determined by 
space charge formed near the interface polymer – metal electrode. We assumed that the 
Schottky barriers having fractal shape [5] cause the thickness of space charge to become wide. 
 
[1] Sakai H., Murai H., Takeda Y., Iizima T., Proceedings of Electronic Circuits World 

Convention 8, pp. PO4ga-d, Birmingham, UK.,1999. 
[2] Takeuchi E., Tajima Y, Takeuchi K., Journal of Photopolymer Science & Technology, 

vol.14, no. 2, pp.139-42, 2001. 
[3] Casalini R., Fioretto D., Livi A., Lucchesi M., Rolla P.A., Physical Review B, vol.56, 

no. 6, pp. 3016 – 3021, 1997. 
[4] Santucci S. C., Corezzi S., Fioretto D., Capaccioli S., Casalini R., Lucchesi M., 

PrestoS., Rolla P.A., IEEE Transactions on Dielectrics and Electrical Insulation, vol.8, 
no.3, pp. 373 – 376, 2001. 

[5] Wang Y. B., Yuan R.K., Willander M., Applied Physics A, vol 63, pp. 481 – 486, 
1996.                                                                                                                                                           
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The experimental results of the study of the dielectric spectra and voltage-time characteristics 
for PET of thickness 100 µm are represented in this paper. PET is usually used as HV 
insulation of various electrical engineering equipment. It was shown that the decrease in the 
breakdown strength of the PET-film is caused by the dispersion of the complex permittivity in 
the microsecond range of the applied voltage duration. A new model relating the relaxation 
time of the polarization process and the front duration of the applied pulsed voltage is 
proposed. This model allows the breakdown strength of PET in the range 1.2…5000 µS to be 
predicted. 
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In the random barrier model (a.k.a. the symmetric hopping model) independent particles are 
doing activated hopping over random energy barriers connecting lattice sites with equal 
energies [1-4]. This model provides a good fit to experimental results for the AC conductivity 
of disordered solids [1,2]. Here we present numerical results from ongoing investigations of 
the behavior of the model. In particular, we demonstrate that the conductivity at relatively low 
frequencies (where the model exhibits time-temperature superposition and universality), is 
dominated by the subset of the sample that carries the DC current, i.e., the percolating cluster 
sligthly above the percolation treshold. In consequence the onset of AC conductivity should 
be attributed to the percolating cluster (and not to isolated clusters). Thus our simulation 
results supports the assumption behind the so-called diffusion cluster approximation [1], 
which will be discussed in some detail. 
 
[1] Schrøder & Dyre, Phys. Rev. Lett. 84, 310 (2000) 
[2] Dyre & Schrøder, Rev. Mod. Phys. 72, 873 (2000) 
[3] Schrøder & Dyre, Phys. Chem. Chem. Phys. 4, 3173 (2002) 
[4] Dyre & Schrøder, Phys. Stat. Sol. 230, 5 (2002) 
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Dielectric spectroscopy is a powerful tool for studying the electrokinetic properties of 
colloidal suspensions, providing macroscopic information related to the phenomena of 
polarization, conduction, and diffusion in these systems. The physical mechanisms giving rise 
to these phenomena have response times corresponding to a wide frequency range, from DC 
to GHz in the case of aqueous suspensions. However, the study of their dielectric behaviour is 
greatly hindered both by the electrode polarization (EP) that appears in the low-frequency 
range, and which, in some cases, may completely obscure the dielectric response, and the 
technical difficulty of carrying out measurements in the high-frequency range (>1 MHz). Due 
to these difficulties, there have been very few experimental studies over the whole frequency 
range. Therefore, the investigation of the phenomena causing the electrical response of 
colloidal suspensions requires, on the one hand, increasing the frequency measurement range 
by reducing or quantifying the low–frequency electrode effect and, on the other, developing 
high-frequency measurement procedures to be able to study complete spectra (the entire 
response range) under the same experimental conditions. 
The measurement of the dielectric response at high frequencies (1MHz-1GHz) requires 
transmission line or waveguide techniques and a suitable measurement cell. In this range the 
cell dimensions and the effects of the cables in the analysis devices are critical. In order to 
obtain the complex impedance of fluids from 20Hz to 1GHz, a cell has been especially 
designed to be inserted in a short coaxial transmission line as termination impedance, so that 
the measurements are performed without wires. At low frequencies, there has been put 
forward a straightforward and efficacious method to eliminate the EP contribution, based on 
fitting an empirical curve to a circuit model that includes a constant-phase-angle (CPA) 
frequency dependence as the impedance of the electrode. To check that the procedure really 
eliminates the EP and does not spoil the response of the sample, the Kramers-Kronig integral 
transformations were used (see ref. [1]), which relate the real and imaginary parts of the 
complex impedance associated to a causal and linear process in a stable system. The effective 
range of study is extended downwards to approximately 102 Hz.       
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The method of dielectric-relaxation-currents  is widely used for electrical studies of different 
semiconductors or insulators sandwiched between metallic electrodes [1]. In this paper the 
results of experimental examinations of thermally stimulated  dielectric relaxation currents 
(TSDRC) for lutetium oxide films in metal/insulator/metal (MIM) structures have been 
presented. Al/Lu2O3/Al thin film structures (i.e. thin film capacitors) were prepared on quartz 
plates by the method of vacuum deposition with the help of an electron gun.  
The TSD and TSP curves measured in the temperature range, between 297K and 500K were 
characterized by a single peak related with 0.7eV trapping centres.  The influence of the 
polarization conditions (the charging voltage and the  temperature) on the  TSDRC was tested. 
The influence of the insulator film  thickness on the dielectric response was also examined. 
The charge released during  the relaxation process was  estimated and analysed.  
Results show that near-electrode regions that exhibit high capacitance and resistance have to 
be taken in the dielectric response of Al/Lu2O3/Al structures. The TSDRC  spectra  were 
discussed and explained  assuming two barriers at each M/I electrodes. The dielectric 
relaxation phenomena in these MIM structures can be related to asymmetrical Schottky 
barriers at each  M/I boundary. The TSDRC characteristics  were analysed  and  interpreted  
according to Simmons and Gupta’s theory [2].  
 
[1] A. Thielen, J. Niezette, G. Feyder and J. Vanderschueren, J.Phys.Chem.Solids,     

57(1996) 1567  and  J.Phys.Chem.Solids, 57 (1996) 1581. 
 [2] J.G. Simmons and G.S.Nadkarni, Phy.Rev. B, 6 (1972), 4815. 
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In the present work the dielectric properties of several metal-filled polymer composites were 
studied. As a matrix several polymers were used: polyamide (PA), polyethylene (PE), 
poly(oxymethylene) (POM), as well as the blend PE/POM. Dispersed iron (Fe) particles were 
used as inclusions. The filler volume concentration was varied in a wide range. Broadband ac 
(10-2-106 Hz) dielectric relaxation spectroscopy technique was employed to study the 
properties of these materials. The influence of using different polymer matrices on electrical 
properties of the composites was examined. The processing-composition-properties-
structure/micromorphology relationship was also of particular interest.  
The behavior of these systems is described by means of the percolation theory [1]. It is well 
known that the value of the percolation threshold, PC, depends on many factors, such as the 
size, the shape and the spatial distribution of the filler particles within a polymer matrix, the 
interactions between the filler surface and the polymer matrix, etc. [2-4]. For the systems 
having random filler spatial distribution (PA-Fe, POM-Fe and PE-Fe), the percolation 
threshold values were calculated to be 22-30 vol. %. The critical exponents for these 
composites were found in good agreement with those predicted by the theory. On the other 
hand, PE/POM-Fe composites, having the PE/POM blend as matrix, demonstrate different 
behaviour compared with POM-Fe and PE-Fe systems. The percolation threshold in 
PE/POM-Fe composites was found 11 vol. %, lower than that in the other two systems. In 
addition, the critical exponents take higher values than the theoretical ones. These effects 
were attributed to the peculiar morphology of these composites.  
In this system, due to the preparation process, the Fe particles are localized only in POM 
phase (and not in PE), leading to a segregated distribution of the Fe particles within the 
PE/POM matrix. As a result, the two distinct phases (POM-Fe and PE) create an 
interpenetrating structure. For low filler concentration in the PE/POM blend, the dispersed 
phase is POM together with the Fe particles, creating conductive aggregates within the non-
conductive PE phase. For higher Fe content, these POM-Fe clusters become in contact each 
other, creating the required continuous conductive network. The term ‘‘double percolation’’ 
[5] was used to describe the behavior of PE/POM-Fe composites.  
For the micromorphology of the composites studied, a schematic model, based on the above-
mentioned assumptions, has been proposed [6]. This model explains the lower value of PC for 
PE/POM-Fe composites. The model is in agreement with optical microscopy investigations.  
 
[1] D. Stauffer, Introduction to Percolation Theory, Taylor and Francis, London 1985.  
[2] D.M. Bigg and D.E. Stutz, Polym. Compos., 4 (1983), 40.   
[3] H. Zois, L. Apekis and Ye.P. Mamunya, J. Appl. Polym. Sci., 88 (2003), 3013.  
[4] E.P. Mamunya, V.V. Davidenko and E.V. Lebedev, Compos. Interf., 4 (1997), 169.  
[5] M. Sumita et al., Colloid Polym. Sci., 270 (1992), 134.     
[6] Ye.P. Mamunya et al., Polym. Eng. Sci., 42 (2002), 90.  
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Synthetic ionites (resins) have found wide application in various areas due to their unique 
physical-chemical properties. They represent a spatial polymeric network with rigidly fixed 
ionogenic functional groups in it. In the presence of the contact polar solvents the solvatation 
of amorphous matrix with simultaneous increase of the volume (swelling) occurs. 
The synthesis of resins with a desirable mechanical, physical-chemical and other properties is 
connected indissolubly with the study of their structure and dynamics on a molecular level. 
Earlier in [1] the transition from solid-like (glassy) state into highly elastic state with intensive 
intramolecular motions under hydration was investigated for cationites with acrylic and 
metacrylic nature of chains. The supposition was made that the transition is due to the 
substitution of strong hydrogen bonds between functional carboxylic groups by labile system 
of bonds through mobile water molecules. 
In this work the investigation of water molecules translation mobility under hydration has 
made for SGK-7 (polyacrylic chains cross-linked by divinylbenzene) and SG-1m 
(polymetacrylic chains cross-linked by TGM-3 ) with different concentration of cross-linkage. 
The water molecules self-diffusion coefficient dependence on the hydration degree at room 
temperature was obtained. The NMR with IGMF technique was used.  It was shown that at 
high hydration degree the dependence has an exponential character and in general is similar to 
the bulk water one [2]. At low hydration degree the dependence deviates from exponent. 
The results obtained enable us to establish the relationship between the “glassy state – highly 
elastic state” transition and the water molecules translation mobility in the considered systems 
during hydration. 
 
 
[1] V.I. Chromov, A.S.Plachinda et al. /Investigation of the Transition of Acrylate Cation 

Exchangers from Solid like into Highly Elastic State under Hydration/- Hyperfine 
Inter., 55 (1990) 1133-1136. 

[2] V.M. Zagaynov et al. /Water Molecules Self-Diffusion in Aqueous Electrolyte 
Solutions/- J. Phys. Chem., LXIII (1989) 1071-1074. 
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In this work the dielectric relaxation measurements of water in clay have been made. For 
description of the experimental data we have used a fractal model of medium expressed in the 
form of some combination of several so-called recap elements. An impedance of recap 
element is expressed in terms of a fractional power-law impedance function  
 

Zν (jω)=C(ν)(jω)-ν,  
 
where C(ν) is a dimensional parameter and ω is the current angular frequency. The equivalent 
scheme that describes this system was determined with the help of the dielectric spectra 
analysis in new presentation format (ratio presentation format), which takes the form 

 
Re [ε(jω)]/Im[ε(jω)].  
 

Presentation of dielectric data in this format can help to detect the true number of processes 
(peaks) within the complex DS system analyzed. With decrease the moisture down to 12% the 
bound water makes a significant contribution into dipole relaxation that reflects by fractal 
parameters. 
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We discovered two percolation processes in succession in dc-conductivity of bulk baker’s 
yeast in the course of dehydration [1]. Critical exponents characteristic for 3D network for 
heavily hydrated system, and 2D in the light hydration limit evidenced a dramatic change of 
the water network dimensionality in the dehydration process.  
How can one rationalize our observations? Bulk of heavily hydrated yeast is formed by tightly 
packed, low conducting, and relatively large yeast cells ( )m6m5 µµ ×  with the remaining free 
space filled with well conducting solution of minerals and ions in water [2]. The conducting 
interior of a cell (cytoplasm) is screened by an almost non conducting plasma membrane and 
a thick, carbon rich, cell wall with limited permeability [3]. Although the charge transport 
through the material is complex and realized via three conduction pathways: via extracellular 
water matrix, on the cell surface, and in the intra-cellular material, in addition to a number of 
different charge carriers involved on each of the pathways, the first of them is clearly the 
dominating one.  On dehydration extracellular water evacuates first and at some point this 
pathway network gets destroyed in percolation process (Region I). Continuing dehydration 
process towards the light hydration limit, the pockets are slowly drying out. This in turn 
stimulates intracellular mobile (evaporable) water to diffuse towards the pockets volume, thus 
sustaining outer surfaces of cells moist. However, at this stage a completely different 
geometry of charge transport pathways becomes eminent; besides the dry mass conduction, 
the cell surface water is probably a dominating charge carrier now. At some point, there is no 
more intracellular mobile water left in the system and the cell outer surface begins finally to 
dry out, and even this continuous surface network of water breaks down (Region II) as the 
system goes across the light hydration percolation threshold.   
 
 
[1] D. Sokołowska, A. Król-Otwinowska, and J.K. Mościcki, submitted 
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Aqueous micellar solutions of sodium dodecyl sulfate (SDS) are among the most studied 
micellar systems. We selected this system to investigate its dielectric behaviour with the aim 
to gain an insight into the relaxation processes of the micelles. In fact, the dynamics of the 
micelles, which can be investigated through relaxation processes, is not yet completely 
understood as also reported in [1, 2, 3]. It is generally assumed that, in micellar solutions, the 
polarization due to the electric field is created both through ion migration  (conduction, 
diffusion and hydrodynamic processes) and reorientation of water molecules or ion pairs. The 
last contribution arises from the fluctuating dipoles formed by bound or unbound counterions 
with the charged micelles. These dynamical processes, characterized by relaxation times 
spanning from picoseconds up to hundreds of nanoseconds, can be investigated by dielectric 
spectroscopy. From the experimental spectra of permittivity vs. frequency it is possible to 
measure the dielectric permittivity contribution of each dipolar species and its relaxation time. 
In this work we report the study of complex permittivity and Ohmic conductivity of SDS 
micellar solutions at different concentrations, above the critical micellar concentration at fixed 
temperature, and we compare our results with the results obtained recently by other groups [2, 
3, 4]. The complex permittivity vs. frequency was measured by the method described in [5]. 
This differential method consists in the use of a network analyzer and two measuring cells, 
built as a piece of coaxial line, identical but for the length of the central segment of uniform 
cross section. The two cells share the same characteristic impedance and propagation 
constant. The network analyzer sends an electrical signal to a cell and measures the reflected 
and the transmitted parts, from which both scattering and cascade matrices are determined. 
Making two different measurements, with the two cells of different length, and using cascade 
matrices properties, the propagation constant of the central segment of uniform cross section 
of the two cells is obtained. The uniformity and regularity of the central segments are 
required, however no other information or hypothesis are required about the actual geometry 
of the cells or their terminations and connections to the measuring instrument. The complex 
dielectric permittivity of the sample is obtained from the propagation constant by repeating 
the measure on the same cells both empty and filled with the sample. Experimental complex 
permittivity vs. frequency was investigated by use of three different models. The simplest one 
makes use of two Debye relaxation processes, one for micelles and one for water [1]. The 
second model uses a Debye relaxation for water and a Cole-Cole relaxation for micelles [2]. 
Finally the Cole-Cole relaxation was substituted with two Debye relaxations [3, 4]. 
 
[1] C. Grosse, J. Phys. Chem. 92 (1988) 3905 
[2] R. Barchini and R. Pottel, J. Phys. Chem. 98 (1994) 7899 
[3] R. Buchner, J. Phys. Chem. B 105 (2001) 2906 
[4] P. Fernandez, S. Schodle, R. Buchner and W. Kunz, Chem. Phys. Chem. 4 (2003) 101 
[5] L. Lanzi, Rev. Sci. Instrum. 73 (2002) 3085 
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The measuring apparatuses for studying complex dielectric permittivity of liquids is created in 
the range of frequencies 7-25 GHz. Measurements are carried out by the method of cylindrical 
rod in wave guide which allows study high concentrated conducting electrolyte solutions. The 
opportunity of measurements in a temperature interval is provided.  
The high frequency dielectric permittivity, losses and low-frequency conductivity of aqueous 
solutions of ammonium salts (NH4F, NH4NO3, NH4BF4, NH4ClO4, NH4SO3NH2, NH4HSO4, 
(NH4)2SO4, NH4SCN) were measured at temperatures 288, 298 and 308К. The parameters of 
process of a dielectric relaxation: time (τ) and parameter of distribution (α), which 
characterize the mobility of water molecules in solutions, are calculated using relaxation 
Cole-Cole model. The activation characteristics (∆Gε++, ∆Hε++, ∆Sε++) that reflecting a 
degree of bonding of water H-bond net in solutions were found from temperature 
dependences of τ. 
Values of static dielectric permittivity (εs) are found. The significant reduction of dielectric 
constant is observed for all solutions when the salt concentration is increased. The change of 
sign of temperature dependence of εs in comparison with water and the diluted solutions is 
observed for high concentrated (NH4)2SO4 solutions.  
The changes of values of τ and ∆Hε++ in the numbers of anions with different strength of bond 
with water molecules, geometrical forms and the sizes (F-  SCN-  NO3

-,  BF4
-, ClO4

-
, 

SO3NH2
-
, HSO4

-), a charges (HSO4
-  SO4

2-), functional groups (SO4
2-  SO3NH2

-  HSO4
-) 

are considered. It is shown, that ammonium salts have the structure-breaking effect on water 
in all investigated solutions. In the same time the distinction of these changes in dependence 
from above-mentioned factors, determining the molecular-kinetic hydration of anions is 
observed. 
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Aerosil fumed silica is built up of almost spherical nonconducting particles forming a more or 
less compact 3D network.  Therefore, it can serve as a very good model for granular systems, 
in particular as the dry mass model for a number of biological materials.  We studied low 
frequency (10 Hz–10 MHz ) dielectric properties of hydrated hydrophilic aerosil fumed silica 
samples in the course of dehydration.  Dielectric spectra featured low frequency dispersion, 

n~' ωε  and k~' ωε  with 1kn8.0 <≈<  clearly indicating the “hopping of charge carriers” 
between localized sites mechanism [1,2].  In the low hydration limit the presence of a 
percolation transition in the conducting network is evident.  The critical exponent t is 
characteristic for a 2D network. This enabled us estimation of the specific surface area for 
different fumed silica samples in the manner similar to [3], and comparison of these estimates 
with the manufacturer data.   
Thus we demonstrated on the very simple, well controlled model system that the impedance 
measurements are indeed a simple, non-invasive alternative to other time-consuming or 
invasive experiments employed to determine the specific surface area (e.g., from TEM 
counting or from N2 adsorption isotherms).  The use of impedance spectroscopy becomes 
especially useful when studying biological samples in vivo [3,4].   
 
We acknowledge financial support from the Polish State Committee for Scientific Research 
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The dielectric relaxation spectra of the optically isotropic solutions of the p-isononyl-
phenoldecaglycolether p-(CH3)2CHCH2(CH3)CHCH2(CH3)CHC6H4O(CH2CH2O)10H  (NOP-
10) are measured at 1.1 MHz, 9.376 GHz, 37.5 GHz from 275 to 313 K. The observed results 
are the sum of three Debye dispersion regions. The first dispersion region is connected with 
the aggregation of the NOP-10 molecules, the second – with the hydration of the oxyethylene 
chains of the NOP-10 molecules, the third – with the association of the free water molecules. 
The hydration numbers Z of water molecules per one oxyethylene group of the NOP-10 
molecule were calculated only at 298 K (Fig. 1a). The dielectric constants εs of the NOP-10 
solutions were measured for 1.14 and 4.97 wt. % from 275 to 351 K and for 9.97, 20, 30 wt. 
% from 275 to 313 K. These data are analyzed by the theories of dielectric constants of 
heterogeneous systems. The micelles have the spheroidal form. 
The fragments of the hexagonal mesophases in which the micelles dispose in parallels remain 
during the transitions to the optically isotropic solutions at 30, 20, 9.96 % NOP-10 but the 
cylindrical micelles transform to the prolate spheroids. When the temperature is increased to 
313 K the orientated arrangement of micelles destroys and a micelle form transforms in 
succession the prolate spheroids – spherical micelle-oblate spheroids. When the level of water 
is further increased the micelle form strives for spherical near the smelting points of the 4.97 
and 1.14 % NOP-10 solutions. In the rebuilding fragments of the low temperature mesophase 
either the spherical micelles can be arranged regularly at the lattice points of a simple cubic 
lattice or the oblate micelles whose form is similar to spherical can be disposed randomly 
with equal probability. The form of the randomly orientated oblate micelles aspires to disc 
with increasing temperature as the lamellar mesophase is educed above the cloud temperature 
of the 4.97 and 1.14 % NOP-10 solutions.  

                                    a                                                                               b 
Fig. 1. Concentration (a) and temperature (b) dependences of  the ratios psfd between the 
lengths of  axes of the spheroidal  micelles: (b) 1 –  NPEO10 – water [1], 2 – C16E8 – water [2], 
3 – C16E9 – water [2].  
 
[1] Bedo Z., Berecz E., Lakatos I. // Colloid and Polymer Sci. 1987. V. 265. P. 715. 
[2] Elworthy P.H., McDonald C. // Kolloid.-Z., Z. Polymer. 1964. B. 195. N 1. P. 16.  
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The research of hydration and of the molecular-kinetic mobility of water molecules was 
carried out by the method of the microwave dielectric spectroscopy in aqueous formate and 
propionate solutions of potassium and tetrabutylammonium salts. The measurements of the 
high-frequency dielectric permittivity and losses were fulfilled in the field of the maximum 
dispersion of water molecules (in microwave range) by the method of thin dielectric rod in the 
wave-guide at five - eight frequencies in the interval 7 – 25 GHz, at temperatures 288, 298, 
308К or 283, 298, 313К. The low-frequency specific conductivity of these systems was 
measured for determination of the ionic losses. The concentration and temperature 
dependences of the high-frequency permittivity and losses were analyzed. The ratio of the 
dipole and ionic losses was determined at various concentration and temperatures. The 
dispersion of the complex dielectric permittivity in the investigated systems is described by 
the Cole-Cole equation. Thus the only one relaxation process with the most probable 
relaxation time takes place at all investigated temperatures and concentrations of salts. Using 
the received experimental data the static dielectric permittivity εs was determined. εs describes 
the electrostatic contributions in hydration of ions. The zero temperature factor of εs is 
observed for the concentrated potassium propionate solutions. 
The most probable dielectric relaxation time τ was calculated. The dielectric relaxation time is 
connected with the changes of the water molecules mobility in the hydration shells of ions. 
The enthalpy ∆Hε

++, free energy ∆Gε
++ and entropy ∆Sε

++ were calculated from the 
temperature dependences of the dielectric relaxation time. The following order of changes of 
τ and of ∆Hε

++ is observed: potassium formate < water < potassium propionate< 
tetrabutylammonium formate < tetrabutylammonium potassium. The decrease of τ and ∆Hε

++ 

of potassium formate solutions testifies to disordering of Н-bond net. The growth of τ and 
∆Hε

++ of tetrabutylammonium formate, potassium and tetrabutylammonium propionate 
solutions indicate the structure-making influence of anions on the tetrahedral hydrogen bond 
net of water. Propionate and formate ions have identical polar groups but different non-polar 
parts. Therefore increase of τ and of ∆Hε

++ in potassium propionate solutions is determined by 
influence of the non-polar part of C2H5COO- ion. It allows to conclude: the structure-making 
effect of C2H5COO- ions on the hydrogen bond net of water is mainly connected with 
hydrophobic hydration of these ions. The additional increase of the relaxation characteristics 
of tetrabutylammonium formate and propionate solutions is caused by the hydrophobic 
hydration of cation. Thus, the molecular-kinetic properties of aqueous solutions were 
investigated at the transition from hydrophilic hydration of cation and anion (potassium 
formate solutions) to hydrophobic hydration of anion and hydrophilic hydration of cation 
(potassium propionate solutions), further to hydrophobic hydration of cation and hydrophilic 
hydration of anion (tetrabutylammonium formate solutions) and to hydrophobic hydration of 
anion and cation (tetrabutylammonium propionate solutions). 
 
This work was supported by the Programs of the Russian Academy of Science. 
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There is a need for well-characterized and microscopic, broad-banded measurements on 
dielectric materials. The evanescent microwave probe fills that need. The main technical 
challenge for the evanescent probe to become a metrology device is new improved theoretical 
models for the combined resonator and probe tip.  In this paper we develop a full mode model 
for the probe. We assume a fundamental TEM mode plus higher TM0n  modes in the coaxial 
resonator section, a continuous set of modes using a modified Weber transform in the probe 
region, which is then matched to the sample region. The tangential components of the electric 
and magnetic fields are matched at the interfaces. The result is a determinantal  condition for 
the resonant frequencies. 
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The diffusion in a degraded coating differs from that of a non-degraded one. We have 
developed a technique to quantify this difference. It is based on measuring the dielectric 
response of an epoxy coating while blowing pulse-wise dry or moisturized nitrogen across its 
top surface, through a grid electrode. In this way an in-depth diffusion analysis can be made 
of a degraded coating. In Fig.1 the capacitance is given vs. time, of an un-degraded epoxy 
coating and an UV-degraded one. Clearly, the capacitance is larger for the degraded coating 
due to the higher water uptake. One reason is the formation of hydrophilic groups (oxidation) 
during degradation. Another reason is the formation of micro-voids in the top layer.  
The water uptake of a homogeneous film, with an impermeable bottom side is given by: 

 
In Fig. 2 the C vs. t-data a non-degraded coating are fitted with eq.(1). This yields a diffusion 
coefficient of 9x10-12 m2/s. Admittedly, the data of the degraded coating - with its 
heterogeneous microstructure - could not be fitted with eq.1. A model will be proposed that 
will account for the non-uniform diffusion in a degraded coating. The model allows one to 
obtain a spatial map of the diffusion profile and thus of the extent of the degradation in the 
coating locally. 
 
Acknowledgement: We like to thank Mr. G. de Vos for his essential help in building up our 
measuring equipment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 (left) Capacitance vs. time for a degraded (16 hrs high intensity UV, top curve) and a 
non-degraded epoxy coating (bottom curve). 
Fig. 2 (right) Capacitance vs. time for the un-degraded coating, fitted with eq.(1). 
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The paper presents the development of a new experimental technique for the acquisition and 
analysis of dielectric data from resin cure monitoring experiments. Temperature Modulated 
Dielectric Analysis (TMDA) employs the well established method of temperature oscillations 
(mainly applied to calorimetric studies [1]) in order to separate the combined effects of 
temperature and of the polymerisation reaction in the cure of epoxy resins. A novel 
experimental cell was designed, built and tested. A schematic of the cell is given in Fig. 1. 
Preliminary runs have assessed the thermal performance of the experimental cell and shown 
that it is possible to apply the principles of temperature modulated calorimetry in dielectric 
cure monitoring experiments. 
Dielectric cure monitoring tests were conducted on a typical epoxy system (RTM6). An 
interdigitated comb electrodes sensor was used. Complex impedance was used for the 
presentation of the experimental data. The modulated signal was clear, as can be seen in Fig. 
2. Standard deconvolution techniques (signal averaging) were applied in order to separate the 
modulated and non–modulated components. The main results/conclusions drawn are the 
following: 
The thermal response of the experimental configuration allows the curing resin to experience 
the imposed temperature modulation. 
Single frequency dielectric experiments are required in order to obtain enough experimental 
points during one temperature cycle. 
The non-modulated part of the signal agrees with results from standard dielectric cure 
monitoring experiments where no temperature modulation is imposed. 
A phenomenological model has been developed for the interpretation of the modulated part of 
the dielectric signal, based on a series of studies on the particular resin system [2].  

Fig. 1: Test cell for TMDA measurements Fig. 2: Resin temperature and dielectric 
response 

 
[1] Gill P. S., Saurbrunn S. R. and Reading M. 1993 J Therm Anal 40 931 – 939. 
[2] Skordos A. A. and Partridge I. K. 2004 J. Polym Sci Pol Phys 42 146 – 154.   
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The hollandite Nax(Ti8-xCrx)O16 is a non-stoichiometric material with charge compensating 
sodium ions located in interstitial sites along the tunnel according to the relative proportions 
of titanium and chromium ions. Molecular dynamics simulations are used to determine the 
motion of these sodium ions for times up to 100ps following a dc-step field of 7.43MV/m to 
74.3GV/m at temperatures between 200K and 373K. In the simulation the ions that make up 
the tunnel cage are held rigid and thus provide a fixed potential background. However the 
sodium ions in the tunnel are allowed to interact with one another and hence each sodium ions 
moves in a potential surface that fluctuates due to the motions of the other ions, just as in a 
liquid. The simulations show that the sodium ions vibrate within local cages most of the time, 
but occasionally move to a neighbouring empty site and back again, as shown in Fig. 1. The 
equivalent large-scale ac response behaviour obtained by Fourier transforming the relaxation 
current dP/dt shows what is essentially resonance originating with the coupled modes of the 
tunnel ions vibrations. The transfers to neighbouring sites break the coupling and acts as a 
damping factor on the group mode vibrations. This is the inverse of what would be expected 
of a classical relaxation, and sheds new light on the dynamics of systems at frequencies just 
below the quantum region.  

 
Fig. 1  Positions of the first six sodium ions (Na1 to Na6) in c-axis when elecric field of 
743MV/m was applied along the c-axis to the hollandite model at 50001th time interval 

 
Figure 1 
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Polyvinylidene fluoride (PVDF) is a partially crystalline polymer with a glass transition 
around -40oC. It shows piezoelectric and pyroelectric properties [1]. The dielectric behavior 
of polymers is of importance not only to better understand their properties but also to 
design/tailor materials and systems for specific applications. The dielectric phenomena in 
these systems are investigated with impedance spectroscopy techniques in the time or the 
frequency domain. Traditional dielectric data analysis in the frequency domain is based on the 
application of empirical formulas (parametric approach), i.e., Havriliak-Negami, Davidson-
Cole, Cole-Cole, Jonscher, etc. Once the fitting parameters are obtained appropriate DRT can 
be calculated with the corresponding distribution expressions (Ref. 2 has reported such a 
study). Recently a numerical method has been developed to resolve the DRT for materials 
without any a-priori assumption [3, 4]. This procedure is a non-parametric approach and do 
not utilize any of the empirical formulas mentioned previously. The unknown distribution 
function is basically recovered by application of the Monte Carlo integration hypothesis and a 
constrained-least-squares optimization. The procedure has previously been tested on 
composites [3] and on glass-forming liquids [4], which yielded valuable information on the 
systems. Here, we apply the same procedure to investigate relaxations in PVDF and to 
comprehend the physical mechanisms behind them. 
 
 
[1] K. Tashiro, Crystal Structure and Phase Transition of PVDF and related Copolymers, 

Ferroelectric Polymers: chemistry, physics and applications, ed. H.S. Nalwa, Marcel 
Dekker, New York, 1995. 

[2] W. Ren, S. Bauer, S. Yilmaz, W. Wirges and R. Gerhard-Multhaupt, J Appl Phys, 75 
(1994), 7211. 

[3] E. Tuncer and S.M. Gubanski, IEEE Trans Diel Electr Insul, 8 (2001), 310. 
[4] E. Tuncer, M. Furlani and B.-E. Mellander, J Appl Phys, (2004) in press. 
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We have developed a space – frequency model for the propagation of a high frequency signal 
in an arbitrary dispersive medium. The model can be solved analytically under certain 
conditions for a Gaussian pulse, revealing the conditions under which pulse compression or 
expansion occurs. The analytical calculations also show that under appropriate conditions the 
delay time of the pulse can be stretched almost indefinitely.  
For another choice of dielectric properties a fictitious super-Luminal propagation is realized. 
This of course is the result of the “tail” of the Gaussian distribution and does not imply super-
Luminal propagation of information [1,2,3].  
By studying numerically a Gaussian pulse propagating in air described by a standard 
dispersion model [4,5], we were able to show that even in a substance as trivial as air, some of 
the effects that we predict are pronounced for carrier frequencies in the vicinity of molecular 
absorption line.  
Furthermore, we have calculated analytically the resonance parameters for manipulating a 
signal with a given width for carrier frequencies that are both on and off resonance. This 
enables tailoring materials for a certain pulse characteristics in order to achieve an a-priory-
defined amount of compression and delay. 
Numerical simulations that do not rely on second order approximation corroborated the 
results of the analytical calculations. 
 
 
[1] Jackson “Classical Electrodynamics” p. 326. Wiley Text Books; 3rd edition (1998). 
[2] S. Chu & S. Wong PRL 48, 738 (1982) 
[3] Katz, R.R. Alfano, S. Chu and S. Wong PRL 49, 1292 (1982) 
[4] Y. Pinhasi, A. Yahalom, O. Harpaz and G. Vilner: “Study of ultra wideband 

transmission in the extremely high frequency (EHF) band”, accepted for publication in 
IEEE Trans. On Antennas and Propagation, (2004). 

[5] H. J. Liebe: “MPM – An atmospheric millimeter-wave propagation model”, Int. J. of 
Infrared and Millimeter waves 10, (6), (1989), 631-650 
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Nowadays it is possible to determine the values of complex dielectric permittivity ε*(ω) with 
a high accuracy in a wide frequency range, but a description and structural interpretation of 
these data are so far complicated and have ambiguous problems. In this work some 
approaches to an analysis of ε*(ω) are illustrated by the liquids with substantially different 
molecular structures. These results are compared with the computer modelling data. 
The main parameter of dielectric spectroscopy is an effective time of dielectric relaxation, τ. 
Clearly, the value of τ is connected with the structure of substances and solutions, but it is 
difficult to make reliable conclusions about structure basing only on τ. There are two common 
ways of using of τ: a calculation of activation parameters or an analysis of τ values for some 
series of substances or solutions. These methods often give valuable information but they are 
usefull if one has initial suggestions about possible structure. 
In our previous works  [1–3], the analysis of dielectric spectra for a number of substances has 
been made using equations proposed by Dissado and Hill. Their approach has some 
advantages and some disadvantages. From our point of view, the most interesting feature of 
this method is a possibility to determine from dielectric spectrum not only τ but several other 
parameters depending on liquid structure. The main purpose of the initial stage of our 
investigations was a comparison between meanings of parameters calculated within the 
framework of this model and values of some analogous parameters determined from other 
approaches. It was found that usually there is a good agreement between τ values calculated 
by using well-known Davidson & Cole’ equation and those evaluated from Dissado & Hill’ 
equation 
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Besides that, pµ  values determined for some liquid substances assuming a formation of chain 
molecular assemblies (2) 
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are approximately correspond to cµ  values determined by eq. (1). But evidently, in many 
liquids molecular assemblies are more complicated and could not be deduce from equilibrium 
theory (2).  
In this work, some plausible variants of local molecular arrangements in diols are discussed 
using dielectric relaxation data and some methods of computer modelling. 
 
[1] V.I. Zhuravlev, T.M. Usacheva, N.V. Lifanova, Russ. J. Phys. Chem., 1998, 72(4), 

548-554. 
[2] T.M. Usacheva, N.V. Lifanova, V.I. Zhuravlev, A.A. Novozhilov, V.K. Matveev, 

Russ. J. Phys. Chem., 2001, 75(7), 1138-1142. 
[3] N.V. Lifanova, T.M. Usacheva, V.I. Zhuravlev, V.K. Matveev, Russ. J. Phys. Chem., 

2003, 77(3), 477-481. 
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A ternary system containing 10 mM NaCl, toluene and Triton X-100 (a nonionic detergent 
with a polyoxyethylene chain)(40 :40 :20 wt %) showed a drastic change in electric 
conductivity around 33-34 ºC [1]. The conductivity change was interpreted in terms of a 
transition from a water continuous phase to an oil continuous one, namely phase inversion. 
According to Shinoda [2], such a system changes its structure from inverted micelle, water-in-
oil (W/O) emulsion, D-phase of bicontinuous structure and then to oil-in-water (O/W) 
emulsion with decreasing temperature. Indeed, the appearance of the system changes from 
bluish transparent, turbid, bluish transparent and then to turbid with decreasing temperature 
from 40 ºC to 15 ºC. In this study I measured dielectric spectra of the system over a frequency 
range of 1 kHz to 10 GHz by changing temperature from 40 ºC to 15 ºC. Figure 1 shows 
typical dielectric spectra measured at 37, 28 and 17 ºC. Above 34 ºC where there are inverted 
micelles and W/O emulsions, dielectric relaxation appeared around 10 MHz. Below about 20 
ºC where O/W emulsions are present, there was no dielectric relaxation except the electrode 
polarization effect. In the intermediate temperature range between 20 ºC and 33 ºC, there 
appeared dielectric relaxation around a few hundred kHz. The intensity of the relaxation is 
about ten times larger than that of the W/O emulsion. This dielectric relaxation that might 
correspond to the bicontinuous structure has been simulated by simple calculations using the 
2D finite-differential method. 

Fig. 1  Dielectric spectra of a ternary system containing 10 mM KCl, toluene and Triton X-
100 (40 :40 :20 wt %). The structure of the system : W/O emulsion at 38 ºC, bicontinuous 
phase at 28 ºC and O/W emulsion at 17 ºC 
 
[1] M. Ito, N. Takisawa, K. Shirahama, J. Phys. Chem. 94 :3726-3728 (1990) 
[2]   K. Shinoda, Prog. Colloid Polym. Sci. 68 :1-7 (1983) 
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Water plays a fundamental role in the function of biological systems. Different kinds of water 
with different mobilities control in many ways the kinetics of life processes, such as the 
photocycle in purple membranes. The purple membrane is a lipid bilayer system containing 
the protein bacteriorhodopsin [1], a well-known proton-pump. 
A broad variety of studies revealed the influence of water in purple membranes and the 
behavior upon cooling and reheating [2]. As a very basic effect it was shown with quasi-
elastic neutron scattering (QENS) that the lamellar spacing of purple membrane stacks 
changes drastically due to water extraction from the interlamellar space during the cooling 
process [3]. 
While quasi-elastic neutron scattering is especially suitable to probe water dynamics (because 
of its large cross section), also broadband dielectric spectroscopy (BDS) has been used as an 
appropriate method for the investigation of water in confined geometries [4]. Additionally, the 
two methods complement one another very well in frequency range. Although, neutron 
scattering and dielectric spectroscopy probe different molecular mechanisms they reflect the 
same dynamics in many cases. 
In this contribution we discuss results obtained as a function of hydration and temperature. 
We will show combined results from broadband dielectric spectroscopy (frequency range of 
10-3 to 107 Hz) and QENS (time-of-flight spectrometer NEAT at HMI Berlin, frequency range 
of 109 to 1012 Hz). The main subject is the influence of different kinds of water and ice on 
structure and dynamics of purple membrane. 
The pictures demonstrate the dehydration/rehydration phenomenon as probed by BDS 
(left, ε' vs. temperature) and neutron scattering (right, layer distance vs. temp.). This 
phenomenon was recognized to be a very general property for lipid-protein membranes. 

 
[1] D. Oesterhelt and W. Stockenius, Nat. New Biol., 233 (1971) 149-152 
[2] J. Fitter, R.E. Lechner and N.A. Dencher, J. Phys. Chem. B 38 (1999) 8036-8050 
[3] R.E. Lechner, J. Fitter, N.A. Dencher and T. Hauß, J. Mol. Biol., 277 (1998) 
 593- 603 

[4] R. Bergmann and J. Swenson, Nature, 403 (2000) 283-286
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Сord blood serum (CBS) contains a complex of immune modulators, all spectrum of 
hormones, which is characteristic to a newborn organism, growth and antiproliferative factors, 
hemopoietines and adaptogenes, opioid peptides etc. The development of the optimal 
technologies of cryopreservation and sterilization of CBS which as much as possible will 
preserve its biological activity will allow one to create a new effective drug for clinical 
application. In this connection the investigation of the structural changes of CBS components 
under influence of physical factors is of interest. 
In the present work we have been studied the influence of freezing in liquid nitrogen (-196 
°C) and gamma-irradiation in doses of 30, 50 and 100 Gy on the dielectric properties of CBS. 
The real ε' and ε" imaginary parts of complex dielectric permittivity of the samples have been 
measured by microwave dielectric method at frequency 9,2 GHz within 4-40 °C. The static 
dielectric permittivity εs of CBS was calculated by using the Debye equations.  
The non-monotone changes of dielectric constants ε', ε" and ∆εs against temperature for native 
CBS are detected at temperatures 7-9 °C, 26-28 °C and 36-38 °C (Fig. 1) and for gamma-
irradiated one at 24-26 °C. It can be explained by the structural changes of the CBS proteins. 
The dielectric permittivity ε' of the frozen samples are lower as compared with native CBS 
that can be a consequence of the amount of bound water increasing.  

 
Fig. 1 Plot of the decrement of static dielectric permittivity ∆εs against temperature for native 
and frozen cord blood serum. 
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Variety and specific character of the questions appeared during study of oil dispersion 
systems (ODS) and anomaly in their behaviour generate a need in consideration of that 
systems on micro- and macro-scale. In turn the difference in properties of oil systems 
macromolecules (polar, weakly polar and non-polar) that reflects in character of their 
intermolecular interaction leads to difference in determination of the analysis approach of 
their physical properties. Among physicochemical methods used for study of the ODS 
structure dielectric spectroscopy methods are the most effective. They allow make watching 
for the changes in orientation of the dipole moments of different oil components. 
The aim of this work is the application dielectric spectroscopy method for investigation of the 
features of the different ODS structures and consideration of the reorganization processes 
dynamics in that structures under the influence of the temperature. 
Investigations of the oil dispersion structure was made by the use of time domain dielectric 
method in frequency range 104-109 Hz in wide temperature range from 20°C to 105°C. As 
samples for investigation high-viscosity crude oils from Tatarstan were taken. They differ 
from each other on both geological and age aspects. Composition of components and 
microelements also differ. Asphaltenes, gums, vanadium and nickel contents where taken as 
main parameters. 
Analyzing obtained dielectric spectra of the oil dispersion structures under investigation 
various distinctive features in dynamics of relaxation processes were revealed. According 
correlation of the dielectric parameters of the ODS components and microelements 
composition all crude oil samples were classified on 4 major groups. Hypothetic models that 
describe temperature behaviour of that groups were suggested. Three temperature regions 
with impulse transition in dispersion range were revealed: 36-40°C, 52-60°C and above 70°C. 
They correspond to phase transitions in system. Two mechanisms of association of the 
pyrobitumen complexes with formation of the agglomerates with different geometry were 
considered. Anomalous features of three crude oil samples were revealed. Anomaly lies in 
decomposition of the molecules blocks of the dispersion phase in temperature range above 
50°C and correspondingly in transition of the system into the state of molecular solution. It 
was supposed that this strange behaviour occurs due to participation of the high-molecular 
alkanes that work as “mediators” bonding of the molecules blocks. The processes of melting 
of that “mediators” at certain temperatures facilitate destruction of the corresponding 
aggregated complex. 
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Dielectric spectroscopy has been used to characterize a wide variety of physiological changes 
in biological systems, for example, conductivity increases in muscle due to heating 
(hyperthermia) [1].  Ordinarily, these changes are major and may lead to significant tissue 
damage.  We show here how dielectric spectra taken during a temperature cycle can indicate 
the presence of subtler physiological changes in the tissue. We measured the impedance 
spectra of frog gastrocnemius muscle, in-vivo, in the frequency range 1 Hz to 1 MHz for 
temperatures from about 10oC up to a maximum value, Tmax, and back down to about 10oC. 
The range of values for Tmax was from 20oC to 42.5oC. Previous results with frog 
gastrocnemius [2,3] had shown that electrode phenomena were unimportant and the measured 
impedances corresponded to the bulk muscle tissue for frequencies above about 1 kHz for the 
needle electrode material and separation we used.  For frequencies below about 50 kHz we 
observed hysteresis for thermal cycling above Tmax = 35oC.  The impedance at 10oC at the 
end of the run was significantly lower than the impedance at 10oC at the start of the run, even 
after corrections had been made for the change in impedance with time of the exposed 
muscle.  For Tmax = 42.5oC thermal hysteresis was apparent at all frequencies.   We 
speculate that the impedance decrease was due to membrane leakage above 35oC.  We 
conclude that thermal cycling of impedance spectra can provide a sensitive measure of 
physiological change.  
 
[1] McRae, D.A. and Esrick, M.A., 1993 Changes in electrical impedance of skeletal 

muscle measured during hyperthermia Int. J. Hyperthermia 9 247-61 
[2] Hart, F.X. and Dunfee, W.R., 1993 In vivo measurement of the low-frequency 

dielectric spectra of frog skeletal muscle Phys. Med. Biol. 38 1099-1112 
[3] Hart, F.X., Berner, N.J. and McMillen, R.L., 1999 Modeling the anisotropic electrical 

properties of skeletal muscle Phys. Med. Biol. 44 413-421. 
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Biological materials such as bone are sensitive to heating which leads to thermal denaturation 
of organic phase of bone that is collagen. The DSC and the TDEC curves show the response 
of bone to thermal stimulation (Fig.1A). The increase in electrical conductivity (σ) at the 
temperature range of 390-465K corresponds to the DSC endothermic peak, which is 
associated with thermal denaturation. It is stated that denaturation process finishes at the 
temperature of the DSC peak (429K - Fig1A) and further heating leads to a new 
thermodynamic equilibrium state, which is obtained at 455K, where new base line is 
established [1]. The increase in σ can be caused by higher number of charge carriers and their 
increased mobility. Because up to the temperature of 450K, the TDEC curve shows a 
continuous increase in σ, probably just above this temperature the system comes to the 
equilibrium state. Denaturation disrupts chemical bonds and as a result charge carriers are 
liberated.  In bone, which reaches new equilibrium state, the recombination processes and the 
formation of new bonds between free functional groups take place. These processes should 
effect in the σ decreasing which is observed in the temperature range of 450-480K. Therefore, 
the transition to a new equilibrium state takes place in a narrower temperature range, than 
concluded from the DSC. The temperature range of both the DSC peak and the step increase 
in σ establishes the temperature range of thermal denaturation. The denaturation temperature 
can be determined as follows: TD=(σ(T0)+σ(TM))/2 and TD=436K. 
 

 
Fig. 1 Temperature dependence of electrical conductivity and the DSC thermogram of dry   
bovine bone (A) and determination of denaturation temperature (B).  
 
[1]  Miles C, Bailey A. Thermal denaturation of collagen revisited. Proc Indian Acad Sci 

1999; 111(1):71-80. 
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Permittivities, or dielectric properties, of agricultural products are of interest for sensing 
qualities of products, such as moisture content in cereal grain and oilseed crops.  These 
properties are also necessary in studies on radio-frequency or microwave dielectric heating for 
processing or conditioning these products.  They are also necessary in assessing the potential 
usefulness of dielectric heating for controlling pests, such as stored-product and wood-
infesting insects, human pathogens in food materials, and weed seeds or other organisms in 
soil.  Several of these applications have been considered and the importance of dielectric 
properties has been discussed [1-3]. 
The application of broadband dielectric spectroscopy to the study of agricultural products can 
be expected to reveal additional ways that electrical instruments might be useful in sensing 
the quality or other characteristics of such products.  Measurements of the dielectric 
properties of several fruits and vegetables have been obtained to provide some background 
data on the properties of these products [4].  An example is shown in Fig. 1 for tissue of fresh 
navel orange, Citrus auranthium subsp. bergamia, where the temperature dependence of the 
dielectric constant is shown highly dependent on frequency.   
Further studies are planned to learn whether permittivity may be a useful indicator of maturity 
or other characteristics. 

[1] S.O. Nelson, "Dielectric properties of agricultural products -- Measurements and 
Applications," IEEE Transactions on Electrical Insulation, vol. 26, no.5, pp. 845-869, 
1991. 

[2] S.O. Nelson, "Review and assessment of radio-frequency and microwave energy for 
stored-grain insect control," Transactions of the ASAE, vol. 39, no.4, pp. 1475-1484, 
1996. 

[3] S.O. Nelson, "A review and assessment of microwave energy for soil treatment to 
control pests," Transactions of the ASAE, vol. 39, no.1, pp. 281-289, 1996. 

[4] S.O. Nelson, "Frequency- and temperature-dependent permittivities of fresh fruits and 
vegetables from 0.01 to 1.8 GHz,"Transactions of the ASAE, vol. 46, no.2, pp. 567-
574, 2003. 
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Fig. 1.  Permittivity of fresh navel orange tissue at indicated temperatures 
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Sol-gel reaction is a synthetic route by which metal-alkoxide monomers are converted to 
ceramic/glassy materials by a sequence of hydrolysis and condensation reactions. High porous 
silica-gel bulks used in this study were prepared by hydrolyzing a silicone alkoxide such as 
tetraethoxysilane (TEOS). In all cases the starting solution contained: TEOS, Water and 
Ethanol with the molar ratio 1:4:4 and various concentrations of catalysts such as HNO3, HCl, 
HF  (from 0.06 to 0.30 mole). The second type of materials chosen for the investigation is sol-
gel glasses produced via the fast sol-gel route [1] using HF catalyst. Here, we present an 
investigation of the dielectric properties of the samples using broadband dielectric 
spectroscopy (NOVOCONTROL 4284) in the frequency range 20 Hz –1 MHz and in the 
temperature range –100 0C ÷ +300 0C.  
The process discussed below demonstrates unusual dielectric behavior. Dielectric losses of 
this process are negative (see Fig. 1) and dielectric permittivity increases with increasing 
frequency, according to Kramers-Kronig relationships. This process is located in different 
temperature regions for each sample. A 
concentration and a type of acids, used as 
catalysts, influence the amplitude and the 
temperature-frequency ranges of the 
negative losses process (NLP). After 
heating at 300 0C the samples were cooled 
down again to -100 0C and this process was 
still detected.  
In order to understand the physical nature 
of the process a special study had been 
performed. For a quantitative analysis of 
the dielectric behavior for the NLP, a 
formula of inverse function 

( ) 1** )]([~ −ωεωε NLP  was used for the 
isothermal complex dielectric permittivity 
data. The NLP in the porous sol-gel 
samples can be assigned to the local non-
compensated bounded charges accumulated 
both in the glassy matrix and on the 
interface of a porous space. 
 
[1] Y. Haruvy, I. Gilath, M. Manewictz, N. Eisenberg, Chem. Mater. 9 (1997) 2604. 
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Parelectric Spectroscopy (PS) — broadband dielectric spectroscopy — is based on the 
response of the permanent electric dipoles to an external electric field. Solid Lipid 
Nanoparticles (SLN) are an alternative drug carrier system to polymer nanoparticles or 
liposomes, which are suitable for the incorporation/association of lipophilic, hydrophilic and 
poorly water soluble active ingredients [1]. The coaxial probe technique makes it possible to 
sweep the measuring frequency between 0.1 and 100 MHz in the temperature range 283—
323K. The response yields both the dispersion (ε′) and the absorption (ε″) part of the complex 
dielectric permittivity, which is attributed to the rotational motion of SLNs and the drugs 
respectively. From this we calculate the parameters dipole density   (∆ε = εstat-ε∞) and dipole 
mobility(f0) (where f0 = 1/2πτ, τ = relaxation time) of the permanent dipoles by applying 
Debye’s dielectric relaxation model [3]. The drugs used under the studies are 
Betamethasone17-valerate (BMV) and Prednicarbate (PC), both are topical glucocorticoids 
which have anti-inflammatory and immunosuppressive effects [2]. Our aim is to study  (a) the 
amount of drug within the carrier and (b) drugs attached to the carrier surface or incorporated 
within the carriers. To understand this, we measure dipole mobility and dipole density for 
different concentrations of BMV and PC with SLN. The results are plotted in Figure 1. 
Activation energies are derived for each of these relaxation processes from Arrhenius plots of 
the temperature-dependent relaxation frequencies.  

Fig. 1: 2nd order polynomial fit for dipole mobility and dipole density versus concentration of 
drugs. (▪) Precirol, Betamethasone 17-valerate (BMV), (ο) Compritol, BMV, (∆) Precirol, 
Prednicarbate, (∇) Compritol, Prednicarbate. 
 
 
[1] Wolfgang Mehnert, Karsten Mäder. 2001. Solid lipid nanoparticles production, 

characterization and applications. Advanced Drug Delivery Reviews 47:165—196. 
[2] Katharina Lange, Burkhard Kleuser, Anja Gysler, Micheal Bader, Claudia Maia, Claus 

Scheidereit, Hans Christian Korting, Monika Schäfer-Korting. 2000.Cutaneous 
Inflammation and Proliferation in vitro: Differential Effects and Mode of Action of 
Topical Glucocorticoids. Skin Pharmacol Appl Skin Physiol 13:93—103. 
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Blends of olefinic elastomers, like SEBS or EPDM, with PP are widely used as thermoplastic 
elastomer (TPE) compounds. Their mechanical properties can be tailored by means of 
additives and composition. One such additive is processing oil. The addition of oil in TPEs 
allows the production of soft compounds with good processability and elastic recovery. Being 
a low molecular weight additive, the oil can be present in both the elastomer and PP phase, if 
its affinity to both is high enough. In order to model the rheological and mechanical properties 
of these compounds the distribution of the oil over the two phases must be known. This can 
be estimated by the reduction of the glass-rubber transition temperatures (Tg) of both the 
elastomer and the PP phases. This work presents a novel approach to determine the oil 
distribution in TPEs.  
Two types of TPE blends were subject of this study: blends of dynamically vulcanised EPDM 
and PP, the so-called thermoplastic vulcanisates (TPVs), and blends of PP with the triblock 
copolymer SEBS. Both blends contain a considerable amount of paraffinic oil. The 
determination of the reduction in the glass transition temperature using common techniques, 
viz. Differential Scanning Calorimetry (DSC) and Dynamic Mechanical Analysis (DMA) 
proved to be insufficient because of the strong overlap of the glass transition processes of the 
PP and elastomer phases in both blend types.  
By “doping” these olefinic blends with a dielectrically active probe molecule, Dielectric 
Relaxation Spectroscopy (DRS) could be employed successfully [1]. The distribution of oil 
over the two phases was determined by comparing the isothermal frequency spectra with 
those of binary mixtures of PP-oil and elastomer-oil.  
In both blend types the concentration of oil in the elastomer phase is higher than that of the PP 
phase, indicating that the oil prefers the elastomer phase. However, the PP is a semi- 
crystalline polymer and the oil can only be present in the amorphous part. When only this part 
of the PP phase is considered, it is found that the oil is equally distributed in the TPVs 
independent of the composition. In the PP-SEBS blends the oil still prefers the elastomer 
phase.  
 
 
[1] van den Berg O., Sengers W.G.F. et. al., Macromolecules 2004; 37(7): 2460-2470. 
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The bioceramic hydroxiapatite (Ca10(PO4)6 (OH)2 – HAP) is the main mineral constituent of 
teeth and bones with excellent biocompatibility with hard and muscle tissues. These materials 
exhibit several problems of handling and fabrication, which can be overcome by mixing them 
with a suitable binder. The dry milling process of fabrication of HAP presents the advantage 
that melting is not necessary and the powder obtained is nanocrystalline. The HAP has been 
obtained from three different experimental procedures (HAPA: Ca(H2PO4)2 + Ca(OH)2; 
HAPB: Ca(H2PO4)2 + CaCO3; and HAPC: CaHPO4 + CaCO3). HAP was obtained after 5, 10 
and 15 hours of milling. In order to improve the mechanical properties of HAP, calcium 
phosphate ceramics with titanium (CaP-Ti) has been prepared by dry ball milling. The 
calcium titanium phosphate phase, CaTi4P6O24, was obtained in this reaction. The dielectric 
study in function of frequency, at constant temperature of the ceramics, was made using the 
Modulus (M*) model and distribution of relaxation times was observed. The values of the 
dielectric constant of the ceramics measured at room temperature are between 3.13 
(HAPC_5H) and 15.70 (HAPB_15H). This result strongly suggests that the ceramics HAP 
and the calcium phosphate with titanium are good candidates for applications in 
biocompatible coatings of implant materials and also for the insulating materials of electronic 
circuits and dielectric layer in bio-sensors. The samples were studied by X-Ray diffraction, 
scanning electron microscopy (SEM) and energy-dispersive spectroscopy (EDS). 
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The preparation and properties of nanocrystals embedded in a glass matrix have recently 
achieved a considerable amount of interest. The glass composition 92SiO2-4Li2O-4Nb2O5 
(%mol) was prepared by the sol-gel route, and gives origin to a transparent and incolor glass. 
The glass was heat-treated at temperatures between 500ºC and 800ºC, with and without the 
presence of an external electrical dc field. XRD, SEM, FTIR, Raman and dielectric 
spectroscopy were used to characterize the glass samples.  
The presence of LiNbO3 crystallites was detected, in the samples heat-treated at temperatures 
above 700ºC. The amount and the orientation of the LiNbO3 crystallites is dependent on the 
heat-treatment temperature and applied electric field. The dielectric constant values reflect 
this dependence. 
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Ferroelectric copolymers of poly(vinylidene fluoride) and trifluoroethylene, denoted as 
P(VDF/TrFE) can be functionalized by fast electron irradiation to exhibit relaxor-like 
properties [1-4]. Radiation-induced modification of the polymers (defects like isolated and 
conjugated C=C bonds, polyenyl radicals [5] and conformational disorder [3]) is reflected in 
the dielectric response. Radiation-induced changes in the response consisting in a diffuse and 
frequency-dependent dielectric anomaly, characteristic of ferroelectric relaxors, are rather 
complex. One observe: i) a downward shift of the Curie temperature, related to a decrease in 
the number of ferroelectrically active dipoles, as well as rounding and decrease of the 
dielectric anomaly (similarly as in crystalline ferroelectrics [6]) and ii) an increase in the 
dielectric dispersion below the permittivity maximum due to a contribution of the response of 
parts of polymer chains with short-range coherence of ferroelectric trans- conformation (polar 
nanoregions). 
Changes in the dielectric response of radially oriented PVDF and P(VDF/TrFE)(50/50) foils 
and biaxially oriented and corona-charged P(VDF/TrFE)(75/25) film induced by irradiation 
with 0.5-1.5 MeV electrons were studied and analyzed. Fig.1 shows an example of the 
dielectric response of P(VDF/TrFE)(75/75) film annealed in the paraelectric phase (at 420 K) 
for 1h and irradiated with 1 MeV electrons at the same temperature. The low temperature 
anomaly, related to the response of the dipoles without long range correlations for 
nonirradiated samples, after irradiation appears to be more dispersive and the activation 
energy obtained from the Vogel-Fulcher relation increases.   
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Dielectric response of P(VDF/TrFE)(75/25) annealed at 420 K (a) and irradiated with a 
dose of 3.3 MGy of  1 MeV electrons  at 420 K (b) 
   
[1] Q.M. Zhang, V. Bharti, X. Zhao, Science 280, 2101 (1998) 
[2] Z.-Y. Cheng, V. Bharti, T.-B. Wang, Q.M. Zhang, T. Ramotowski, F. Tito, R. Ting, J. 

Appl. Phys. 86, 2208 (1999) 
[3] B. Hilczer, H. Smogór, T. Pawłowski, S, Warchoł, M. Nowicki, Ferroelectrics 261, 

139 (2001) 
[4] L.E. Cross, Ferroelectrics 151, 302 (1994) 
[5] B. Hilczer, H. Smogór, J. Goslar, S. Warchoł, Radiation Effects & Defects in Solids 

158, 349 (2003) 
[6] B. Hilczer, Key Engineering Materials 101-102, 95 (1995) 
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Al-pillared montmorillonite (PILC) was obtained after mechanical and chemical treatment of 
mineral bentonite, a natural raw material from the Šipovo (Republic of Srpska, Bosnia and 
Herzegovina). PILC montmorillonite was doped with 28.57 mass% of 12-tungstophosphoric 
acid (WPA) by sol-gel method. By method of dielectric relaxation spectroscopy (DRS) from 5 
Hz – 500 kHz and in the temperature interval from room temperature to 80 0C electrical 
properties were investigated. In Fig. 1a and 1b frequency dependance of the real ε’ and 
imaginary ε’’ part of complex permittivity is shown at several temperatures. The high values 
of ε’(f) and ε’’(f) at low frequencies and the weak temperature dependance for frequencies up 
to 104 Hz may be assigned to conductivity current relaxation (CCR) [1] and can be analysed 
by Havriliak-Negami [2] equation. At 1 kHz and room temperature conductivity is 10-3 S/m. 
Phase transition which in WPA takes place at 50 0C, in doped montmorillonite is above 70 0C. 
Activation energy of dc conductivity is 0.24 eV. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Real ε’ and imaginary ε’’ parts of the dielectric permittivity,  
 
[1] G. Georgoussis, A. Kanapitsas, P. Pissis, Yu. V. Savelyev,  V. Ya. Veselov,  E. Privalko,  
       Europ. Polymer Journal, 36 (2000) 1113.   
[2]  A. Schönhals and  F. Kremer: Analysis of Dielecric Spectra, eds F. Kremer and  
       A. Schönhals, Broadband Dielectric Spectroscopy, Springer 2003. 
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