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Preface

Broadband Dielectric Spectroscopy (BDS) is a technique that relies
on the interaction of electromagnetic waves with matter in a frequency range
that goes from 10 Hz to 10'2 Hz.This extremely wide frequency range allows
the study of both molecular fluctuations and collective phenomena, charge and
polarization effects and the characterization of dielectric properties of a great
variety of materials in both liquid and solid phase. This versatility has made
BDS to become a fundamental tool in useful in the multidisciplinary design,
characterization and application of advanced functional materials and systems
applied in such diverse fields as those ranging from nanotechnology to biology.

The development of modern techniques of Broadband Dielectric
Spectroscopy (BDS) during the mid-nineties inspired Yuri Feldman, John
Berberianand Friedrich Kremer to organize aseries ofinternational conferences
in Dielectric Spectroscopy beginning in 2001 in Jerusalem. Previously, a series
of conferences on Dielectric and Related Phenomena (DRP) were initiated
in Poland in 1990 by Aleksander Szymanski and Andrew K. Jonscher to meet
demands of both academic and industrial researchers to discuss different
aspects of investigations and applications of dielectrics, insulators, electrets etc.

Since then four BDS conferences have been organized:
2nd BDS-2002 in Liepzig, Germany, 3rd BDS-2004 in Delft, Holland; 4th
BD-52006 in Poznan, Poland and finally the 5th BDS-2008 in Lyon, France.

In 2010 the group of Structure and Dynamics of Condensed
Matter, Institute of Structure of Matter (CSIC) (http://www.iem.cfmac.csic.
es/fmacro/softmatpol/) is committed to organize in Madrid the BDS-2010.
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Universal relaxation and diffusion in many-body

interacting systems
K. L. Ngai
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Using the template to submit this abstract, I was thrilled to see text of the article by M.
Cardona et al.' on the history of the stretched exponential function of R. Kohlrausch?.
These authors pointed out that his original paper was forgotten until it was cited by
Palmer et al.® in 1984, but Palmer et al. refer incorrectly to his 1847* paper and not the
correct 1854 paper3. Actually I and coworkers have to share the blame for citing the
1847 paper in our 1983 Phys.Rev.B paper’. This might have misled Palmer et al. to cite
the wrong reference, and by the talks I gave at Princeton U. in 1981 and Aspens Center
for Physics in 1982 all invited by P.W. Anderson, as well as the interaction with Palmer
and Stein during the Workshop on Relaxation in Disordered Systems at Virginia Tech
in July 1983. Incidentally, the Workshop and its Proceedings were quoted by Palmer et
al.’ as well as my first publication of the Coupling Model (CM)® in 1979. I was not
aware of the works of R.>* or F. Kohlrausch’ in 1979°, only years later’. In his 1854
paper, R. Kohlrausch actually started with the time dependent relaxation rate equation,
d(pQ: - rldt = - bt"(pQ; - /), where m is a negative fraction of unity. Integrating from
=0 to =t and with Q(=0)=Q, and r/(#=0)=0, he then arrived at log[(pQ; - r1)/pQo] = -
[B/(m+ 11", or (pQ: - r)pQo = exp(-B/""), the Kohlrausch function where
B=b/(m+1). Using his own data he deduced m=-0.5744, and b=0.4289. F. Kohlrausch’
wrote down a similar equation, dx/dr=-g-x/t'. Now in my 1979 paperé, the primary result
of the theory is the time dependent relaxation rate, W(1)=Wo(#/t.)", exactly the same as
bt" of Kohlrausch with m=-n, and b=W(t.)". From the rate equation, d@/dt = -W(f)¢, |
obtained not only the Kohlrausch function, exp[-(#/ f)l'"], but also the 2™ relation =[(1-
n)(t)" 7], where 7=1/W,. This 2™ relation introduces new physics and immensely
enhances the applications of the Kohlrausch function beyond an empirical function to fit
data. In the CM, # is indicator of the extent of the many-body relaxation. The 2nd
relation has explained the experimentally observed anomalous and universal properties
of 7 from the normal properties of the primitive relaxation time 7. These advances in
various fields can be found in a forthcoming book®. None of these would be possible
without the W()=Wy(t/t.)", originally proposed as bf", -1<m<0, by R. Kohlrausch.
Therefore when paying homage to Kohlrausch, one should cite Kohlrausch’s fractional
power time dependent rate, b7”, instead of his stretched exponential function. My talk
will use examples to show the existence of universal properties of relaxation and
diffusion in totally different interacting systems, and not just glassforming systems. The
book® with about 400 figures and 1,800 references is a useful tool for research.
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Effect of environment on the dynamics of a
polychlorinated biphenyl in 1-4 polybutadiene
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The mobility of isolated polychlorinated biphenyl (PCB54) in 1,4-polybutadiene (PB)
has been investigated by means of broadband dielectric spectroscopy (BDS). The aim
was to provide new insights about the effect of the environment on the dynamics of
PCB54 [1]. Our results indicate that PCB54 structural dynamics is neither independent
of the PB matrix nor slaved to the matrix itself. We interpret these results as a
consequence of the limited size of cooperatively rearranging regions (CRR) involved in
PCB54 structural relaxation possessing an effective concentration different from the
macroscopic one. This implies a non-negligible influence of “self-concentration”,
already proven for the component segmental dynamics in polymer blends [2, 3], also in
the relaxation of binary mixtures involving low molecular weight glass formers.
Starting from these premises, the size of CRR was determined in two ways: 1)
estimating the PCB54 threshold concentration above which the dynamics of PCB54
deviates from the infinitely diluted regime. In this case the threshold concentration
marks the involvement of a PCB54 molecule in the cooperative relaxation of another
PCB54 molecule; ii) incorporating the self-concentration concept in the Adam-Gibbs
(AG) theory of the glass transition that explicitly relates the size of CRR to the
configurational entropy [4]. The two approaches provide comparable sizes of CRR.
These are of about 1 nm. This means that the cooperativity extends over the first shell
around PCB54 molecules.
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Viscoelastic and Dielectric Investigation of Segmental

Dynamics of Polystyrene
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Segmental dynamics of polystyrene (PS) chains with molecular weight M = 500 —
100,000 g/mol is studied via viscoelastic and dielectric spectroscopy. Viscoelastic and
dielectric measurements were conducted at various temperatures form glass transition
temperature of respective polystyrene chain to the temperature where the terminal
relaxation behavior was observed. Dielectric terminal relaxation was exclusively
attributed to a-relaxation mode for all PS samples, while viscoelastic terminal relaxation
was assigned to glassy mode (segmental mode) for PS samples with M < 2500, and to
rubbery mode (global mode) for those with M > 2500. Time-temperature superposition
held for segmental relaxation of viscoelastic and dielectric data, and their shift factors
coincided with each other for each PS sample. Viscoelastic and dielectric relaxation
times of each PS sample were compared, and dielectric relaxation time was longer than
viscoelastic relaxation time for all PS samples. Interestingly, the relaxation time ratio
and the dielectric relaxation intensity decreased with increasing M up to 2500 but
leveled off for larger M. This result suggested that effective size of the dielectrically
detected segment (motional unit) was M~2500, which was larger than the whole chain
size for PS with M < 2500, and thereby activating the change of the relaxation time ratio
and dielectric relaxation intensity. We also noted that viscoelastic and dielectric
relaxation spectra for the glassy mode of each PS sample agreed well. The mechanism
of this coincidence will be discussed.




Dynamics of liquid crystals at their phase transitions
D. Fragiadakisl*, R.B. Bogoslovovl, J. Czubz, S. Urban3, C.M. Roland!
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2 Faculty of Physics and Applied Computer Science, AGH University of Science and
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We study dielectric relaxation as a function of temperature and pressure for a variety of
thermotropic liquid crystals. While the transition temperatures depend on pressure, the
longitudinal relaxation time at the transition is found to be essentially constant,
independent of temperature and pressure ', This is the case for the transition from the
crystal to the ordered nematic or smectic phase, transitions between different mesogenic
phases, and from the ordered to the isotropic liquid phase (clearing point). This result
suggests a relationship between the thermodynamic conditions that determine the
transition temperatures (reflecting the competition between the anisotropic interaction
energy of the molecules and the orientational entropy) and the dynamics in the ordered
state.
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Fig.1. Longitudinal relaxation times as a function of pressure at the phase transitions of
various liquid crystals (from [2])
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Dielectric Isosbestic Points
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Isosbestic Points, where two absorption spectra cross in the frequency domain, are well-
known in the UV/visible spectra of dye-molecules that have two inter-connected
structures that depend on the pH of the medium. Such features can also be observed in
broadband dielectric-relaxation spectra for dipolar systems in which the molecules may
(1) exist in two forms A«<B, (ii) undergo chemical reaction A—B or (iii) be organized
to give different macroscopic orientations. Examples of (i) include liquid<>rotator-
phase crystal and amorphous polymer«partially-crystalline polymer while (iii) include
nematic liquid crystals and LC polymers that are macroscopically-aligned with respect
to a measuring E-field. If the molecular dynamics are sufficiently-different, individual
dipolar loss peaks will occur at different frequencies, giving an isosbestic point (IP) in
each case. While the locations and contours of the individual spectra of dyes in
chemical equilibria change little with temperature (T) and pressure (P), dielectric
relaxation times for species in (i) and (ii) change considerably with these variables so, in
order to observe dielectric IPs, the chosen (T,P) condition must be carefully maintained
and the dielectric measurements be made to a high precision, both of which are now
possible with modern BDS equipment.

In the present work we outline the theory for multiple dielectric relaxations in coupled
[A,B] systems and in liquid crystalline systems that lead to IPs and give examples,
taken from the literature, of their observation. These include :-

(a) the original observation of IPs in LC side chain polymersl‘2 where the macroscopic
alignment was varied continuously from planar (E-n), to unaligned (n random) to
homeotropic (E//n), where n is the nematic director, (») low molar mass liquid crystals,
especially in flow’, (¢) supercooled liquid«—rotator-phase crystal4, (d) a glass-forming
binary mixture’, (e) real-time BDS studies of the cold-crystallization of amorphous
polymers.ﬁ’

The information provided by isosbestic points will be discussed briefly, especially in
determining (i) the relative amounts of species in the [A,B] systems, (ii) the director
order parameter Sy for partially-aligned LC polymers and for low molar mass liquid
crystals in flow® (“’rheodielectrics’”) and (iii) the development with time, and the nature
of, the constrained amorphous regions within the crystalline phase during bulk polymer
crystallizations.*®
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The heterogeneous nature of physical aging
R. Richert,
Department of Chemistry and Biochemistry, Arizona State University, Tempe, Arizona
85287, U.S.A.
Email address: ranko@asu.edu

Dielectric relaxation experiments at sufficiently high electric fields display non-linear
features based upon the absorption of energy from the external field," analogous to
microwave heating.” As a result, the independently relaxing modes of a system with
heterogeneous dynamics as in Fig. 1 are shifted to higher frequencies. The amount of
change is a matter of the energy absorbed, the configurational heat capacity, and the
overall activation energy, and can be modelled quantitatively.® In a time resolved
variant of these experiments, the time dependence of how configurational (or fictive or
structural) temperatures T, adjust towards steady state or equilibrium can be studied in
detail and obeys dTcso/dt = —(T.r,—T)/7. The same 'thermal relaxation' is expected in the
process of physical aging, where the real temperature 7 is lowered rapidly and the
experiment monitors how the configurational temperatures 7., follow behind.

For the majority of modes, e.g. 7 through 7 in Fig.1, we find that the thermal
relaxation scales with the frequency of the field, as expected for heterogenous
dynamics. This implies that physical aging should also proceed in a heterogeneous
fashion, in contrast to the results of many experiments. We solve this apparent
contraction between heterogeneous relaxation and homogeneous aging by finding that
the thermal relaxation of very fast modes, e.g. 75 in Fig. 1, are slaved to macroscopic
softening. As a consequence, aging of the few fastest percent of modes is not
representative of the majority and appears homogeneous regarding physical aging.

spectral distribution spatial distribution

Fig.1. Sketch of the spectral and spatial distribution of relaxation times in a system with
heterogeneous dynamics. The dispersion is represented by five distinct time constants, 7;
through 75 in the order of decreasing relaxation time constant. The spatial figure is meant
to indicate that a relatively fast mode is likely to be confined by much slower ones.
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Temperature dependence of the characteristic length
scale for glassy dynamics: Combination of dielectric

and specific heat spectroscopy
L. Delbreilh'*, A. Saiterl, H. Coudercl, K. Arabeche', E. Dantrasz, A. Schﬁnhalss,
J.-M. Saiter'.
"nstitute of Material Research, FED4114, Equipe LECAP, Université¢ de Rouen, Site du
Madrillet, 76801 Saint Etienne du Rouvray Cedex, France
? Laboratoire de physique des polymeres - Institut Carnot - CIRIMAT - UMR
CNRS5085 — 118 route de Narbonne - 31062 Toulouse Cedex 09, France
*BAM Federal Institute for Materials Research and Testing, Unter den Eichen 87,
12205 Berlin, Germany
*Email address: laurent.delbreilh@univ-rouen. fr

Literature shows a great interest of scientists in determining the temperature dependence
of glass-former cooperativity' either by using the Adam and Gibbs Theory>?, or by
calculating a correlation number from the four point correlation function x44’5.
Broadband Dielectric Spectroscopy and Temperature Modulated Differential Scanning
Calorimetry allow to study the CRR size (Donth’s approach) temperature dependence in
the temperature range of ergodicity loss for glass-forming liquids, starting from the
onset of cooperativity in the crossover region down to the glass transition temperature.
Furthermore, the correlation between these two techniques allows to explore a large
frequency range (from 1 mHz to 10 MHz). The goal of this work is to follow the
cooperativity evolution along the Arrhenius plot for a set of fully amorphous glass-
forming polymers.
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Fig.1. Superposition of the loss peaks obtained by TMDSC (thick line) and BDS (thin line)
for poly(bisphenol A carbonate).
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Universality of Johari-Goldstein Relaxation —
Crucial Evidences from Flexible Dipolar Molecules

M. Shahin Thayyil 1’2’*, S. Capaccioliz, D. Prevostoz, S. Ancherbakz,
M. Lucchesi’, P. A. Rolla% K. L. Ngai®
'Department of Physics, University of Calicut, Kerala, India
2CNR-INFM, polyLab & Dipartimento di Fisica, Universita di Pisa, I-56127, Pisa, Italy
* Naval Research Laboratory, Washington DC 20375-5320 USA.
*Email address: shahin@df.unipi.it

The Johari-Goldstein (JG) B-relaxation, i.e. truly intermolecular secondary relaxation, is
supposedly a universal feature in glassy dynamics by showing its presence in common
as well as exotic glassformers and having strong connections to the structural o-
relaxation [1-2]. However, against the hypothesis of its universality, some widely
studied flexible small molecular glassformers like low molecular weight phthalates [3]
and benzophenone [4], which, in addition to a fast secondary y-relaxation due to dipoles
coupled to intra-molecular degrees of freedom, give no indication that JG relaxation is
present despite investigations using a variety of experimental techniques. Interestingly,
for most of these systems in their neat phase the a-relaxation loss peaks have narrow
widths with quite high values of stretching parameter Sxww (Bkww = 0.65-0.64 in
phthalates and 0.7 in BZP), when fitted to the KWW function. Theoretical
considerations suggest that the JG B-relaxation is present but not resolved in these
glassformers because it is sandwiched between the more intense o~ and a faster but non-
JG secondary y-relaxation [5].

We investigate such suggestion on several glass formers and report the data on
small molecular phthalates viz. dimethylphthalate (DMP), diethylphthalate (DEP),
dibutylphthalate (DBP), diisobutylphthalate (DiBP), dioctylphthalate (DOP) and
benzophenone (BZP) by dissolving small quantities of the probes in apolar glassformers
of much higher glass transition temperature, like oligostyrenes or o-terphenyl (OTP).
We were able to move the o-relaxation further away from the y-relaxation, and find the
JG B-relaxation for the first time [6]. We verified that this newly resolved secondary
relaxation is the JG process by performing experiment at elevated pressures showing its
pressure dependence and pressure-temperature superposition [7]. Getting confidence
and modifying the pressure apparatus to have very high cooling rates, we could resolve
JG in neat DMP as a clear resolved process for the first time. The JG of BZP is resolved
in BZP rich mixture of 90% mole-fraction with apolar OTP (since BZP is quickly
crystallizing). These results evidences that JG relaxation is universal.
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Molecular dynamics and physical stability of

amorphous anti-inflammatory drug — celecoxib
K. Grzybowska'", Z. Wojnarowska', M. Paluch', A. Grzybowski',
K. Adrjanowiczl, P. Wlodarczykl, and K. L. Ngai2
"nstitute of Physics, University of Silesia, ul. Uniwersytecka 4, 40-007 Katowice,
Poland
’Naval Research Laboratory, Washington, DC 20375-53 USA

*Email address: kgrzybow(@us.edu.pl

Many crystalline drugs, including celecoxib (CEL, a non-steroidal anti-inflammatory
agent), are poorly water soluble, and therefore they are characterized by low
bioavailability. Preparation of the compounds in amorphous forms is a promising
method for improving solubility of poorly water-soluble drugs. It has been shown that
the aqueous solubility of amorphous CEL is significantly higher than that of its
crystalline counterpart.1 Unfortunately, amorphous systems are usually characterized by
relatively poor physical stability and may undergo re-crystallization over the time
course of processing, storage and use of the product. We found that CEL crystallizes
above the glass transition temperature T, as well as during storage in normal conditions
at T=20°C (more than 30°C below its T,). A key question that arises with such materials
is “how does their molecular mobility influence their stability?”. Performing
measurements of molecular dynamics of CEL by using broadband diclectric
spectroscopy we are able to determine time scales of molecular motions in the glassy
and liquid states. We have found that CEL reveals as many as three secondary
relaxations (see Fig. 1), which suggest a high local molecular mobility in the glassy
state. We identified one of them as the Johari-Goldstein process that is considered to
control the rates of crystal growth below Tg.2 Moreover, we have established that CEL
is characterized by a big value of isobaric fragility m,=95, which is suggested to
correlate with the tendency of material to crystallization.> We intend to verify how role
these factors play in keeping the physical stability of amorphous CEL.
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Fig.1. Relaxations map of celecoxib.
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Relaxation processes and structural transitions in
stretched films of poly(vinylidene fluoride) and its
copolymer with hexafluoropropylene

Peter F riibingl*, Feipeng Wangl, Reimund Gerhard', and Michael Wegener2
Department of Physics and Astronomy, University of Potsdam, Karl-Liebknecht-
StraBe 24-25, 14476 Potsdam, Germany
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Uniaxially stretched films of poly(vinylidene fluoride) (PVDF) and its copolymer with
hexafluoropropylene (P(VDF-HFP)) show ferroelectric properties. Moreover, P(VDF-
HFP) exhibits relatively strong electromechanical activity because of its low elastic
modulus [1]. However, the ferroelectric polarisation is thermally not stable, which
limits the temperature range for applications.

Dielectric relaxation spectroscopy (DRS) is combined with dynamic mechanical
analysis (DMA) in order to study the relaxation processes and structural transitions in
PVDF and P(VDF-HFP) which are expected to induce the thermal decay of the
ferroelectric polarisation. Emphasis is put on the effect of uniaxial stretching. Up to
now, relaxation processes in P(VDF-HFP) were studied in detail only on non-stretched
films [2]. These investigations are supplemented by calorimetric and X-ray diffraction
measurements in order to link the mechanical and dielectric losses to thermal transitions
and changes of crystallinity and crystallite size which are induced by stretching.

It is shown by Vogel-Fulcher-Tammann analysis that mechanical and dielectric
relaxations connected with the glass transition are closely related. In contrast, the
relation between mechanical and dielectric processes above the glass transition is more
complicate and strongly determined by stretching. Stretching transforms the equilibrium
spherulitic and non-ferroelectric a-phase crystallites into small-sized linear B-phase
crystallites with spontaneous polarisation. Hence, it removes the so-called dielectric o,
relaxation which is attributed to motions of CF, dipoles in a-phase crystalline lamellae.
On the other hand, stretching does not significantly change the elastic modulus above
glass transition. Hence, it does not render the polymer structure more rigid. A
continuous softening process above the glass transition is observed particularly in the
copolymer which is associated with strong mechanical losses.

Furthermore, a structural transition above room temperature is found associated with
frequency-independent dielectric and mechanical loss peaks. It is not induced by
stretching. In the dielectric spectra it is superimposed by the o, relaxation, thus it
becomes visible only on stretched films. It is probably caused by the transformation or
degradation of a certain crystalline structure.

Finally, these findings are used in order to explain the temperature dependence of the
piezoelectric activity of P(VDF-HFP) as the result of an interplay between build-up and
decay of electric polarisation and decrease of elastic modulus.
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Dielectric relaxations and Electrical behaviour in
polyamide matrix nanocomposites:

PA 11 /NTC and PA 11/ BaTiO;

J.- F. Capsal, D. Carponcin, E. Dantras, C. Lacabanne
Laboratoire de Physique des Polymeres Institut Carnot CIRIMAT, Universit¢ Paul Sabatier,
Toulouse, France,
*Email address: lacabane@cict.fr

The dispersion of ferroelectric [1] or conductive [2] nanofillers into a thermoplastic polymer
allows us to realize nanocomposites with new electroactive properties. Polyamide 11 (PA 11)
has been chosen as matrix. Barium titanate (BT) nanoparticles and CNTs have been chosen as
fillers.

PA 11/BaTiO; 0-3 nanocomposites with a volume fraction of BT ranging from 0.024 to 0.4
and diameters ranging from 50 to 700 nm were elaborated [3]. Attractive piezoelectric and
pyroelectric properties were obtained for composites with 20 volume % of BT (700 nm
diameter). The combination of dynamic dielectric spectroscopy and thermo stimulated current
analysis allows us to point out the influence of the filler on the physical structure of the
polymeric matrix. A specific attention has been paid to the influence of the volume fraction
(¢) of 700 nm nanoparticles. The molecular mobility in the liquid state is not influenced by
the volume fraction of nanofillers. In the vitreous state, the evolution of low frequency
relaxation has been attributed to the decrease of the size of Cooperative Rearranging Region
(CRR). It reflects the increase of intra/inter molecular interactions in the amorphous phase of
the polymeric matrix.

Initially, carbon nanotubes (CNTs) have been introduced in amorphous thermosets like
polyepoxy [4]. It is of course more difficult to disperse them in a semi crystalline polymer like
polyamide. Two routes have been compared: a solvent way and a melt mixing process. For
the later, twin screw extruder parameters have been optimized to ensure CNTs dispersion in
polyamide 11. A good dispersion is required for preserving a large apparent aspect ratio in
order to reach percolation for lower CNTs content. A comparative study of the dynamic
electrical conductivity of nanocomposites has been performed. The variation of the DC
conduction at the percolation threshold has been used as a marker of the level of dispersion.
The use of a semi crystralline matrix instead of an amorphous one, results in an increase of
the percolation threshold. This finding is coherent with literature data. The higher CNTs
content required for insuring the conduction path might be due to the presence of crystallites.
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Dynamic and thermodynamic properties of dry and
hydrated novel networks from ring-opening metathesis

polymerization
F. Aliev"", V. Dolidze', Ke Zhangz, Gregory N. Tew?
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USA
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Broadband dielectric spectroscopy (BDS) and Brillouin light scattering (BLS) methods
were applied to investigation of the dynamic behavior of dry and hydrated novel
ROMP-based (ring-opening metathesis polymerization) polymer network. We observed
two relaxation processes (Fig. 1) with high values of low frequency dielectric
permittivity typical for contribution from electrode polarization. We assigned the
second process to segmental dynamics. The temperature dependencies of dielectric
strength and of relaxation time of this process showed the presence of an order/disorder
(crystallization/melting) first order phase transition at approximately Tn,=47.5 °C for the
dry sample. The contribution of the second process to total polarization was not
completely frozen below Ty, but showed a visible, step-like slowing down of the
process. In the hydrated sample we did not observe the phase transition. The dynamics
of the processes investigated by BDS and BLS were drastically modified by hydration
of the sample. The presence of water made a large contribution to the dielectric
permittivity of the sample. It could not be attributed to molecular (dipole) properties of
water, but the observed increase of low frequency dielectric permittivity of the hydrated
sample was attributed to interfacial polarization at the polymer/water interface. At
temperatures T>47 °C the relaxation rates of the second process of the hydrated sample
were about twice as high as that of dry sample, due to increased segmental mobility in
the hydrated sample. BLS experiments showed that the elasticity of the hydrated sample
changed substantially with respect to the elasticity of the dry sample at the same
temperature: the modulus of compression of the dry sample was 4-5 times greater than
that of the hydrated sample. Complementary differential scanning calorimetry
experiments provided additional information on the phase transition in dry sample and
its absence in the hydrated state.
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Fig. 1. Dielectric spectra of dry (1, 1”) and hydrated (2, 2") novel ROMP-based network
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Dielectric spectroscopy of aqueous electrolyte solutions

in all orientation frequency range.
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“Institute of Radio Engineering and Electronics RAS 141120 Vvedenky sq. 1, Fryazino
Moscow district, Russia

*Email address:aklyas@mail.ru.

We have considered experimental and theoretical aspects of this problem. The
mechanism of elementary dynamics of water molecules in hydration shells of ions is
considered on the basis of confined rotatorl/... confined rotator N theoretical scheme for
different (N) fraction of solution water, experimental dielectric (in the range 7-120 GHz)
and absorption (up to 800 cm™) data. The spectra of complex dielectric permittivity and
absorption in far IR, submillimeter and microwave regions are described using the
theoretical model. The specification of millimeter area is established. The high
frequency boundary of Debye relaxation zone is determined. The difference of ions with
positive and “negative” hydration (Samoilov’ s approach) or ions “without hydration”
(Bernal and Fouler’s approach) is determined at the level of elementary orientation
processes.

The measurements of high frequency dielectric permittivity and losses were carried out
at the frequency range 7-120 or 7-25 GHz and temperatures 283-313 or 288-308 K for
46 binary water-electrolyte systems. They include the aqueous solutions of fluorides,
chlorides, nitrates, sulfates, formates, acetates, propionates of alkali metals, ammonium
salts and the solutions of tetralkylammonium (TAA) and tetraallylammonium salts. The
low frequency specific conductivity of these solutions was measured for determination
of the ionic losses. The concentration and temperature dependences of losses were
analyzed. The relation between the dipole and ionic losses was determined at various
concentrations and temperatures up to 150 GHz. Complex dielectric permittivity of the
investigated solutions is described by the Debye or Cole-Cole equations. Thus only one
relaxation process with the most probable relaxation time takes place in this spectral
dielectric window. It is connected with bulk water and hydration shells of ions. The
static dielectric permittivity, activation enthalpy and dielectric relaxation time are
calculated for the above mentioned solutions.

We present systematic dielectric data for aqueous electrolytes with the hydrophilic and
hydrophobic hydration of cations and anions. The temperature effect is also examined.
Based on this study, new criteria of the difference between the hydrophilic and
hydrophobic hydration of ions are suggested.

General relations between dielectric parameters and structural effects in aqueous salt
solutions are considered. The increase in the order of complementary structural
organization for water in the bulk and hydration shells of ions gives rise to the
molecular-kinetic stabilization of water and to the structure-making effect. Structure
breaking effect realizes in the opposite case. This explains the difference between
dielectric relaxation characteristics for a wide variety of electrolyte solutions.

This work is supported by the grants of Presidium RAS and RFBR N 08-03-
00095




EXPOSING THE DIELECTRIC BEHAVIOR OF
‘EXOTIC’ GELS

P. Ben Ishai 1*, D. Libster z, A. Aserin 2, N. Garti *and Yu. Feldman '
" Dept. of Appl. Physics, The Hebrew University of Jerusalem, Givat Ram, Jerusalem
91904, Israel.
% Casali Inst. of Appl. Chemistry, The Hebrew University of Jerusalem, Givat Ram,
Jerusalem 91904, Israel.

*Email address: paulb@vms.huji.ac.il

In the search for tailorable drug delivery systems “exotic” gels offer inviting
possibilities. One avenue is structures, such as reverse hexagonal mesophases 12 (Hp)
that can be tuned to drug release under specific biological conditions. We present a
dielectric study of ternary glycerol monooleate (GMO)/tricaprylin (TAG)/
phosphatidylcholine (PC) /water hexagonal systems that form long “pipes” encasing
water °. The results, presented in fig. 1, reveal an intriguing percolation of the heavy
TAG molecule, intercalated between the GMO tails®. Adding an even heavier
macromolecule, such as the drug Cyclosporin A (CSA)™*?, disrupts the percolation of
TAG. The power and stretch parameters of the correlation functions of this process
reveal a critical temperature, 7y=307 K, at which the breakdown of interfacial water
can “release” the drug’. Additionally the study reveals further complex molecular
behavior in and around the interfaces of the mesoscopic structures of the gel. Once
again the critical temperature is revealed in the behavior of the Cole-Cole parameter a
of these processes. The implications towards drug delivery are explored.

Prm1/

W w0
Freq. [Hz] Freq. [H7]
Fig. 1 - Tan (8) and the real component of the dielectric permittivity, ¢’, of HEX; mesophase
with and without the drug CSA entrapped. 3 temperature slices are shown without CSA
(11293 K, 11301 K, and [ 319 K) and with CSA (solid line 293 K, dashed line 301 K and
dotted line 319 K). Three temperature activated processes are noted and labeled respectively,
Processes 1, 2 and 3 in each.
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Intrinsic Confinement Effects in the Blend Dynamics

of Binary Glass-Forming Systems
T. Blochowicz', S. Schramml, E. Gouirand’, P. Gutfreundz, B. Stiihn' ,B. Frick®
'TU-Darmstadt, 64289 Darmstadt, Germany
Institut Laue-Langevin, 38043 Grenoble, France
*Email address: thomas.blochowicz@physik.tu-darmstadt.de

By combining broadband dielectric spectroscopy (BDS), differential scanning
calorimetry (DSC), and quasielastic neutron scattering (QENS) we investigate the
dynamics in a series of low molecular weight binary glass forming liquids (Methyl-THF
in Oligo-Styrene or Oligo(Methyl Methacrylate), Picoline in Oligo-MMA). It turns out
that, although the systems are fully miscible in the whole temperature range, in many
mixtures two glass transition steps can be clearly distinguished in DSC measurements
due to the high T, contrast of the components. By means of BDS the corresponding
relaxation processes are identified and it turns out that the distribution of relaxation
times of the small molecules in the mixture is extremly broad and contrary to
expectation the small molecule M-THF takes part in both glass transitions. Moreover,
the relaxation connected with the lower glass transition shows properties typical of
dynamics in confinement like an Arrhenius-type temperature dependence and a broad
distribution of relaxation times. In particular, when the system crosses the upper glass
transition, the matrix transforms from a “slow” to an actual “hard” confinement for the
remaining mobile small molecules. This is reflected in a fragile-to-strong crossover in
the relaxation times of the small molecules, which becomes visible when results of
QENS and BDS are combined. Moreover, a detailed study of the dielectric strength
indicates that below the upper T, the number of mobile small molecules continuously
decreases as the second glass transition is approached, which may be due to an
increasing number of small molecules that are immobilized close to the frozen matrix.
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Fig. 1: Two glass transitions as observed in a mixture of M-
THF and tri-styrene by DSC and broadband dielectric
spectroscopy and the region where intrinsic confinement
effects are observed.
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Characterisation of Nonlinear Ion Transport
in Solid and Liquid Electrolytes

Bernhard Roling, Halgard Staesche, Jan Kirchberg

Department of Chemistry, University of Marburg,
Hans-Meerwein-Strasse, 35032 Marburg, Germany
Email address: roling @staff.uni-marburg.de

Modern electrochemical cells for energy storage and conversion, such as lithium batteries,
supercapacitors, and dye solar cells, require solid or liquid electrolyte materials with high
ionic conductivity and broad electrochemical window. Liquid electrolyte materials with
promising properties are, for instance, mixtures of ionic liquids and molecular solvents. Solid
electrolytes are often used in the form of thin films, e.g. thin glass films for micro-lithium
batteries. In thin films, a voltage drop in the range of some Volts generates high electric
fields, which in turn lead to a nonlinear (i.e. field-dependent) ionic conductivity of the films.

Here, we study the nonlinear ion conductivity of solid and liquid electrolytes by means of
nonlinear impedance spectroscopy. Ac electric fields with large amplitudes > 50 kV/cm are
applied, and higher harmonics in the current response of the samples are analysed [1-3].

Thereby, we are able to obtain spectra of the higher-order conductivity 6,(®) over broad
frequency ranges, see blue squares in Fig. 1. At low frequencies, where long-range ion
transport is probed, o,(®)is found to be positive. At higher frequencies, where local
(subdiffusive) ion hopping is probed, c,(®) exhibits negative values. We show that there are

significant differences between different electrolytes regarding the nonlinearity of the
dispersive conductivity, and we discuss the origin of these differences.
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Fig. 1: o,(w) spectrum (red) and &,(w) spectrum (blue) of a Na* ion conducting glass
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ac conductivity and nearly constant loss in
oxide-ion conductors Gd,(Zr,Ti,_),0;
M.R. Diaz-Guillén 1, J.A. Diaz-Guillén 1, A.F. Fuentes 1, J. Santamaria 2, C.Leén ¥
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At enough low temperatures, or high frequencies, ionic conductors show a universal
behavior consisting of a linear frequency dependence of their ac conductivity, i.e. a
nearly constant dielectric loss (NCL). Interestingly, a clear correlation has been recently
reported'” between the high values of the dc conductivity g, with technological
importance, found in superionic conductors, and the high values of the NCL magnitude
that they show. This finding has triggered the interest in understanding the origin of the
NCL behavior, and while different theoretical models have been proposed to explain
it** there is still some debate on this issue since experimental data of enough
resolution, necessary to test these models, are scarce. Here we report on ac conductivity
data, at temperatures between 150 and 500 K and in the frequency range 1 Hz — 3 MHz,
of several oxide ion conductors with composition Gdx(ZryTi;.y),O7, where we are able
to identify the crossover to the NCL behavior when lowering temperature or increasing
frequency. This crossover is found to be thermally activated, and its activation energy
Encr. to be much lower than the activation energy E,. for the dc conductivity. We also
found that the values of Ey¢;, are almost independent of composition, and therefore of
the concentration of mobile oxygen vacancies, unlike those of E4. Our results support
the interpretation of the NCL in ionic conductors arising from the cage decay
dynamics’, and highlight the importance of interactions among mobile ions in
determining the dc conductivity values at higher temperatures®.
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Dielectric relaxation and ionic conduction behaviour of
melt compounded PEO-blend salt-MMT

nanocomposite electrolytes
R.J. Sengwa*, Sonu Sankhla, Shobhna Choudhary
Dielectric Research Laboratory, Department of Physics, J N V University.
Jodhpur — 342 005 India
*Email address: rjsengwa@rediffmail.com

In recent years there has been an increasing technological and academic interest to
develop the novel polymer nanocomposite electrolytes (PNCEs) of improved thermal
stability, mechanical strength, electrochemical, photochemical and electrical properties'”
®_ It has been revealed that an addition of a small amount of montmorillonite (MMT)
clay in polymer-salt complex matrix play an important role in the development of
desired physical and electrical properties of the PNCEs materials'™. In the present
manuscript, the PNCEs comprising poly(ethylene oxide) (PEO) and blend salt (lithium
perchlorate-sodium perchlorate) complexes loaded with MMT upto 20 wt% were
synthesized by melt compounding technique. Complex dielectric function, electric
modulus, alternating current (ac) electrical conductivity and complex impedance of the
synthesized PNCEs were investigated as a function of MMT concentration in the
frequency range 20 Hz to 1 MHz. The frequency dependent ac conductivity spectra of
the studied materials at higher frequencies follow the power law whereas deviation was
found from dc conductivity plateau due to electrode polarization effect at lower
frequencies (Fig. 1). In Fig. 2, spectra of the loss part of electric modulus of the PNCEs
materials shows the peaks of ionic conduction relaxation. The relaxation times
corresponding to electrode polarization and ionic conduction processes were
determined. It is observed that ionic conductivity of the PNCEs are governed by the
nanoscale dispersed exfoliated/intercalated MMT structures in the PEO matrix.
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Fig. 1 AC conductivity spectra of the PNCEs Fig. 2 Loss electric modulus spectra of the PNCEs
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Temperature-dependent Measurements of Differential

Capacitance at Pt / RTIL Interfaces
M. Driischler*, B. Huber, B. Roling
Department of Chemistry, University of Marburg, Hans-Meerwein-Strafle,
35032 Marburg, Germany
*Email address: drueschm|at]staff.uni-marburg.de

Room temperature ionic liquids (RTIL) show interesting properties leading to a wide
range of applicationsl. However, electrochemical properties have not been investigated
in detail yet. In particular, the electrochemical double layer at the interface between an
RTIL and another homogeneous phase, e. g. a metal wire, has not been studied in a
satisfying manner although the knowledge of its structure and properties is essential for
a multiplicity of implementations. For instance, RTILs can be used as electrolytes in
electrochemical double layer capacitorsz. Since they show much broader
electrochemical windows than aqueous and organic solvents, a significant improvement
of energy storage seems to be possible. In a recent article’ the frequency- and potential-
dependent differential capacitance of imidazolium- and pyrrolidinium-based RTILs was
measured at a polycrystalline platinum interface by means of broadband electrochemical
impedance spectroscopy (EIS). A strong increase of the measured differential
capacitance with decreasing frequency points to slow pseudo-capacitive processes.
These processes are most likely related to ion adsorption. These slow processes cause
hysteresis effects in the double layer capacitance which become apparent if the
differential double layer capacitance is measured against the dc-potential of the working
electrode since the values and the shape of the curves depend on the scan direction of
the dc-potential. To investigate the temperature-dependence of the differential double
layer capacitance as well as the temperature-dependence of the slow processes, a novel

home-made measurement cell was used enabling further investigations under
temperature-control.

A@ / V vs. Ag quasi-reference

Fig.1. Differential double layer capacitance per unit area of [EMIm][N(Tf),]
versus working electrode potential
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Correlation between electrical properties and
microstructure of crystallized ZnO-Fe,0;-P,05 glass

A. Mogu§-Milankovi¢', K. Sklepi¢', Z. Skoko?, S.T. Reis®

"Ruder Bogkovié Institute, Bijenicka c.54, 10000 Zagreb, Croatia
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The effect of heat treatment of 10ZnO-30Fe;03-60P,0s5 glass on the structural and
dielectric properties was studied by impedance spectroscopy (IS), X-ray diffraction (XRD),
differential thermal analysis (DTA) and scanning electron microscopy (SEM). The XRD and
Raman spectroscopy have shown that the glass undergoes structural changes: from
amorphous, to partially crystalline after nanocrystallization close to the first crystallization
temperature,T¢;, 680°C and massive crystallization after heat treatment at higher temperature,
Tca, 760°C. SEM observations exhibited that the average size of grains after
nanocrystallization near T¢; was estimated to be about 20-50 nm. The dielectric
measurements show that the crystalline growth orientation of the Fe;(P,07), grains embedded
in the glass matrix is random. The frequency dependent conductivity and dielectric relaxation
of as-quenched glass and crystallized glasses head treated up to 760°C at various
crystallization times were investigated.

The presence of crystalline Fes3(P,0O7), grains formed after thermal treatment at T,
680°C, enhances the electrical conductivity as compared with the as-quenched glass. This
conductivity enhancement is related to the conduction at the interfaces between the
crystallites and glassy phase in which the concentration of Fe(II)-Fe(IIl) pairs responsible for
electron hopping is higher than in side the glass matrix. Further thermal treatment at higher
temperature, Tco, 760°C, leads to formation of ferric orthophosphate, FePO, along with
pronounced growth of Fes3(P,07), crystals. Electrical conductivity of this glass-ceramics is
lower than before thermal treatment. The decrease in electrical conductivity is explained by a
considerable weakening in the interactions between Fe sites in crystalline phases caused by
poorly defined conduction pathways. This is a result of the presence of larger crystalline
grains and disappearance of glassy matrix in fully crystallized sample.
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Slow relaxations in liquids and the role of solvent for

the protein glass transition
J. Swenson, H. Jansson, R. Bergman
Department of Applied Physics, Chalmers University of Technology SE-412 96
Goteborg, Sweden
*Email address: jan.swenson@chalmers.se

In this presentation two topics will be discussed; an ultraslow dielectric Debye-like
relaxation in liquids and how the surrounding solvent affects the calorimetric glass
transition of proteins. In the case of the ultraslow Debye-like relaxation it is well known
that such a process exists in monoalcohols [1], although its origin is still not clear. For
monoalcohols this slow Debye-like relaxation is 2-3 orders of magnitude slower than
the viscosity related o-relaxation, and it is also much more intense [1]. Here we show
that a similar Debye-like process exists also in a wide range of other liquids (possibly
all liquids), although its intensity is substantially weaker than in the monoalcohols, and
also a few more orders of magnitude slower than the a-relaxation [2,3]. Whether this
weak and ultraslow process in a wide range of liquids has the same physical origin as
the well-known Debye-like relaxation in monoalcohols remains to be elucidated.

For the investigations of the protein glass transition, myoglobin in different water-
glycerol solvent mixtures was studied by broadband dielectric spectroscopy and
differential scanning calorimetry (DSC). In particular, the relation between the protein
and solvent dynamics was analysed with the aim to better understand the calorimetric
glass transition, T,, of proteins and the role of hydration water for protein dynamics.
The results show that several different protein relaxations are involved in the
calorimetric glass transition, and that the broadness (AT,) of the transition depends
strongly on the total amount of solvent [4,5]. The reason for this is that the protein
relaxation processes become more separated in time with decreasing solvent level. In
the case of the glycerol containing samples the freezing-in of the viscosity related a-
relaxation of the solvent gives a direct, and strong, contribution to the total calorimetric
Te. This is in contrast to myoglobin in pure water where the low temperature water
process does not give any direct contribution to the calorimetric T,, although the a-
relaxation in the hydration water causes the protein dynamics that freeze-in at T, [4,5].
Thus, in the case of pure water as solvent the onset of the calorimetric T, occurs when
the high temperature o-relaxation in the solvent vanish. Below this temperature the
nature of the dynamics changes dramatically and only local motions remain. Finally, the
dielectric data show clearly that the protein relaxation processes exhibit similar
temperature dependences as the a-relaxation in the solvent, as suggested for solvent-
slaved protein motions [6].
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Slow and Fast Dynamics of Hydrated Proteins:
the pivotal role of secondary B-relaxation of Water

S. Capaccioli"*’, M. Bertoldo’, P.A. Rolla'?, N. Shinyashiki’, K.L. Ngai®,
! Dipartimento di Fisica, Universita di Pisa, Largo Pontecorvo 3, 56127 Pisa, Italy
2 Istituto per i Processi Chimico Fisici (IPCF), CNR, Pisa, Italy
? Department of Physics, Tokai University, Hiratsuka, Kanagawa 259-1292, Japan
* Naval Research Laboratory, Washington DC 20375-5320, USA
*Email address: Simone.Capaccioli@df.unipi.it

Function of proteins and their dynamic properties depend strongly on hydration level
and temperature. The dynamics of proteins is coupled to that of the solvent surrounding
the protein molecules over a wide range of timescales'*>. Slow dynamics of solvent and
conformation fluctuations of proteins have been reported to undergo a structural arrest
in the vicinity of some temperature 7y, usually around 200-230 K, according to a
process often likened to glass transition. Additionally, there is a number of evidences
that fast dynamics of hydrated proteins show, at some temperature 7p>7,, a marked
“dynamic crossover” related to the temperature behavior of the mean square
displacement measured by Mdssbauer effect and by neutron scattering (on the timescale
ns-ps) both on protein motions and solvent dynamics. However, a complete
understanding of the conformation fluctuations of hydrated proteins is still not
available, and in the literature different views of the coupling with solvent and
explanation of the dynamics have been offered' >,

In this study, we have analyzed the dynamic behavior of two bio-macromolecules, both
mixed with ultra pure water at different concentrations: the protein Bovine Serum
Albumin (BSA) and the polysaccharide glycogen. Dielectric measurements were
performed in the broad frequency range 2 mHz-20 GHz and at temperatures between
80K and 300K. In addition, calorimetric data were analyzed. Our results, along with a
critical review of the literature data on dynamics of hydrated proteins and a comparison
to results related to dynamics of aqueous mixtures, allowed to clarify the mechanisms
underlying the coupling between dynamics of solvent and bio-macromolecules. Two
main dynamic processes were identified. The slowest process, with features of structural
o-relaxation of ordinary glass-formers, is responsible for the glass transition observed
by adiabatic calorimetry and is due to cooperative motion of water physically coupled to
the bio-macromolecule. The fastest process can be identified as the secondary relaxation
of water in the hydration shell: its relaxation times show a crossover at 7, from stronger
temperature dependence at high temperatures to approximately Arrhenius dependence at
lower temperatures, paralleling the behavior of secondary relaxation time of water in
aqueous mixtures™®. Moreover, we found that this last process controls also the
“dynamic crossover” of fast dynamics occurring at some temperature 7p, i.e. it is
responsible for the rise of the mean square displacement measured by neutron scattering
or of the intensity of high frequency dielectric permittivity.
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Dielectric spectroscopy on flowing single lymphocytes
Y. Katsumoto'”, S. Omori', K. Sato', T. Umetsu’, Y. Hayashil, H. Soma',
T. Hayakawal, M. Saito', S. Lee', A. Yasuda',
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'Life Science Laboratory, Advanced Materials Laboratories, Sony Corporation, 113-
8510 Tokyo, Japan
2 Department of Pediatrics and Developmental Biology, Tokyo Medical and Dental
University, 113-8510 Tokyo, Japan
*Email address: Youichi.Katsumoto@jp.sony.com

The electric properties of the cell constituents such as the membrane and
cytoplasm can be assessed by dielectric spectroscopy, although they are inherently the
average values of all the cells in a suspension. If single cell dielectric spectroscopy is
established, it allows discriminating different cells without staining them for future
clinical applications such as cell therapy and regenerative medicine.

We have developed a prototype of dielectric spectro-cytometer for single cell
dielectric spectroscopy, which rapidly measures and analyzes dielectric spectrum of
single cells passing one by one through a fluidic channel. Two important components of
the instrument are the sensing structure made of layered films and the high-speed
impedance analyzer. The film produced by industrial fabrication processes includes the
fluidic channel and embedded electrodes in it. It is carefully designed in such a way that
the change of complex impedance induced by single cells passing through the detection
region is detectable by the analyzer and that the parasitic capacitance originating from
electrode polarization does not affect measurement of complex permittivity purely
attributable to the cell in a solvent. The analyzer enables simultaneous measurement of
complex impedances over multiple frequency points in the range of 30 MHz with
sampling rate of 2.5x10° per second.

Our system is different from other flow-cytometric systems based on electric
detection principles previously proposed [1] or realized [2] in that it accurately
measures complex impedances over frequencies around the relaxation frequency while
suppressing effects of electrode polarization, and the number of frequencies for
simultaneous measurement is larger.

Simple demonstrations of the prototype were performed for several kinds of
lymphocyte. For example, the wild-type and mutant lines of Jurkat cells were subject to
stimulation of CD95 antibody and subsequent measurements repeated for three hours
after the stimulation. For the wild-type line, remarkable change of the complex
permittivity was observed in correspondence to the generation of apoptotic bodies. In
addition, it was suggested that the electric properties of the cell constituents start to
change even before the morphological change of the cells occurs.
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Venous thrombosis risk assessment by dielectric

spectroscopy

Y. Ha ashil*, Y. Katsumotol, M-A. Brunl, S. Omoril, M. Kaibaraz, I. Uchimura®
Life Science Laboratory, Advanced Materials Laboratories, Sony Corporation, 113-
8510 Tokyo, Japan
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*Department of Endocrinology and Metabolism, Tokyo Medical and Dental University,
113-8510 Tokyo, Japan
*Email address: Yoshihito.Hayashi@jp.sony.com

We studied the coagulation of blood obtained from diabetic patients and healthy donors
by dielectric spectroscopy (DS) and rheological methods. The results allow us to
propose a novel test method for risk assessment of venous thrombosis. Venous
thrombus formed in a deep leg vein moves through veins, and finally occlude a lung
artery after passing through the heart. This pulmonary thromboembolism (PTE) is often
lethal, and the third cause of death in cardiovascular diseases in the US. PTE is known
to occur in a period of sitting or flight for many hours; yet its occurrence after surgical
operations is much higher. A number of risk factors such as diabetes, cancer, pregnancy
or ageing are associated with a high incidence of PTE. However, there has been no
popularized method for assessing accurately the coagulability of blood. In this work, we
established a simplified coagulation model system consisting of fibrinogen solution and
washed erythrocytes. This model system makes it possible to control the coagulation
rate by changing the amount of thrombin added to the suspension. Figure 1a shows the
normalized dielectric spectra during the coagulation of blood sample. It is clear that the
peak position of the DS data at 730 kHz is in good agreement with the onset time of
coagulation obtained by a rheological method (Fig. 1b). Our theoretical estimation
indicates that the observed DS response is due to the aggregation of erythrocytes and
the increase of mesoscopic inhomogeneity with the progress of coagulation. The main
mechanism of the DS response for the coagulation of human whole blood and the model
system are the same, although our experimental results for the whole blood suggested
additional and non negligible effects including enzymatic reactions of clotting factors
and local aggregation of erythrocytes such as rouleaux formation. For blood of diabetic
patients, we found that the coagulation time obtained from the peak position of the
normalized dielectric permittivity inversely correlates with HbAlc level that is an
indicator of the averaged glucose level in blood. If the DS data are compared in details
over wide ranges of frequency and time, they would differ from one patient to another.
These differences may reflect the medical condition of individuals or the influence of
medication. Therefore, the present work strongly suggests the high potential of DS for
the risk assessment of thrombosis and subsequent medication.
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Investigating temperature-induced phase transition in
aqueous solutions of poly(vinyl methyl ether) by

dielectric, terahertz and microscopic techniques
I._Ermolina'" and V. Khutoryanskiy2
'School of Pharmacy, De Montfort University. The Gateway, Leicester LE19BH, UK
*Reading School of Pharmacy, University of Reading, Whiteknights, Reading RG66AD, UK
*Email address: iermolina@dmu.ac.uk

Water-soluble synthetic polymers attract significant interest due to various potential
applications as pharmaceutical excipients, adhesives, and thickening reagents. In aqueous
solutions amphiphilic polymers often display lower critical solution temperature (LCST),
which implies that the polymer is soluble in water at lower temperatures and undergoes
phase separation upon heating [1, 2]. Amphiphilic poly(vinyl ethers) often exhibit LCST
behaviour, i.e. temperature-responsive properties, promising for biomedical and
biotechnological applications. Poly(vinyl methyl ether) (PVME) has a LCST at
physiological temperature range around 35 °C, making it a potential candidate for
developing temperature-responsive drug delivery systems.

In the present work we have studied the phase behaviour in aqueous solutions of
PVME by different physical techniques such as time domain dielectric spectroscopy (TDS),
broadband dielectric spectroscopy (BDS), terahertz spectroscopy and hot stage microscopy.

Three dielectric relaxation processes were found in 5 wt % aqueous solution of
PVME in TDS experiment (frequency range from 500 KHz to 3 GHz and temperature range
from 10°C to 60°C). All of them demonstrated a transition in the relaxation time and
dielectric strength near the transition temperature of 35 °C. The total dielectric strength
increased almost in 10 times, whereas the conductivity dropped down significantly.
Independent measurements of the conductivity by conductivity-meter have shown that its
behaviour against temperature is non-linear and reversibility at decrease of temperature is
time dependent. In BDS experiment (frequency range from 0.1-10° Hz and temperature
range from -120°C to 800C) the dielectric behaviour is dramatically changed near transition
temperature. Also 2 relaxation processes in sub-zero temperature range were observed.

Hot-stage optical microscopy allowed visualising the phase transition in polymer
solutions and recording the transition temperature. Terahertz spectroscopy was used to study
PVME solutions in spectral range from 0.06 THz to 3 THz (2 cm™ — 100 cm™). In this range
the absorbance spectra and refractive index of polymer solution were studied. At
temperature above 35 °C the non-linear behaviour of absorbance was observed, whereas the
refractive index demonstrated hysteresis behaviour.

The transition in PVME solutions might probably be associated with the competition
between hydrogen-bonding and hydrophobic effects. The hydrophilic ether groups stabilize
PVME macromolecules in aqueous solution by forming hydrogen bonds with water
molecules and hydrophobic methyl groups destabilize the solution by altering normal water
structure. The hydrophobic effects intensify monotonously upon heating, whereas water-
macromolecule hydrogen bonding is partially disrupting, which finally breaks the balance
and induces the phase separation. The molecular mobility becomes slower in compact
globules, but amplitude of relaxation increases due to bigger scale of mobile units.
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Charge carrier transport in organic p-n junctions

as seen by impedance spectroscopy
Jaroslaw Jung, Krzysztof Kisiel, Jacek Ulanski*
Department of Molecular Physics, Faculty of Chemistry, Technical University of Lodz,
Zeromskiego street 116, 90-924 Lodz, Poland
*Email address: jacek.ulanski@p.lodz.pl

Impedance spectroscopy is one of the standard techniques for investigations of
inorganic electronic devices. In general it helps to characterize charge carriers
generation and transport mechanisms and to determine an influence of contact materials
and junction geometry on the device performance. Recently the impedance
spectroscopy was applied also in organic electronics with an aim to gain better
understanding of functioning of the devices and in particular the organic p-» junctions
[1, 2]. However most of the studies reported so far were performed in rather limited
ranges of frequency and temperature.

This work presents results of the impedance spectroscopy studies for several model
systems: organic semiconductors (p-type, like polythiophene derivative and n-type, like
perylene derivative) with different electrodes and also p-# junctions obtained by original
technique consisting in in situ crystallization of low-molecular-weight component in
polymer matrix [3]. The measurements were performed in a broad frequency and
temperature ranges. Dependence of the alternative current on frequency and phase shift
between the voltage and the current were analysed in order to verify the models of
charge carrier transport and to determine the nature of the p-» junction.
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Polarons in Magnetoelectric K;FesF;5 and K;Fe,Cr;Fs
C. Filipi¢, V. Bobnar, G. Tav¢ar, B. iemva, and A. Levstik
Jozef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia
*Email address: cene.filipic@ijs.si

The ac electrical conductivity of magnetoelectric K3FesFis and K3Fe,CriFis was
investigated as a function of the frequency and temperature. In both substances at higher
temperatures the charge transport is governed by a thermally activated process, while at
lower temperatures the real part of the complex ac electric conductivity was found to
follow the universal dielectric response 6’ oc V°, being typical for hopping or tunneling
of localized charge carriers. A detailed analysis of the temperature dependence of the
UDR parameter s in terms of the theoretical model for tunneling of small polarons
revealed that, below 80 K, this mechanism governs the charge transport in KsFesFs. In
Ks3Fe,CrsFis below 200 K the hopping or tunneling of localized charge carriers is
caused by tunneling of small polarons. The substitution of three iron atoms with three
chromium atoms in K3Fe>Cr3F;s does not change the mechanism of charge transport at
low temperature.




Non-phenomenological description of complex

dielectric permittivity of metal oxide nanocrystals films
L.L Trakhtenberg"*', M.A. Kozhushnerl, V.F. Gromovz, G.N. Gerasimovz,
A. Greenbaum (Gutina)®
'Semenov Institute of Chemical Physics of RAS, Kosygina Street 4, 119991 Moscow,
Russia
*State Scientific Centre RF ‘Karpov Institute of Physical Chemistry’,
Vorontsovo Pole 10, 105064 Moscow, Russia
3The Hebrew University of Jerusalem. Department of Applied Physics,
Edmond J.Safra Campus, 91904 Jerusalem, Israel

*Email address: trakh@cc.nifhi.ac.ru

Two component composite semiconductor films, consisting of metal oxide nanocrystals
with different electron affinity 4: SnO, with 4 about 4.8 eV and In,O3 with 4 about
3.7 eV have been investigated. Conductometry and Dielectric spectroscopy methods
have been applied with the purpose to insight into the mechanism of the conductometric
sensor effect of interaction of the film nanocrystals with an analyzed substance from
environment. The sensitivity of these composite sensors has been checked on hydrogen
atmosphere. Dielectric properties of the materials were investigated using Broad Band
Dielectric ~ Spectrometer (NOVOCONTROL BDS 80) in wide frequency
(0.1 Hz +1 MHz) and temperature (-100 °C +300 0C) ranges. The dielectric behavior of
such composite materials confirmed the existence of different electron hopping
mechanisms in the studied composite films. For description of dielectric response of the
metal oxide nanocrystals films a non-phenomenological model has been proposed based
on hopping of electrons between traps around the metal nanoparticles'.
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Broadband photodielectric spectroscopy:

history, progress and near prospects
G.F. Novikov
Institute of Problems of Chemical Physics, RAS.
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There are a large number of materials known which demonstrate a variation of
the complex permittivity ¥ by light excitation or ionizing radiation. Variations can be
both reversible and irreversible. For example the irreversible modifications are observed
during photopolymerization, photocrosslinking and other photochemical reactions.
Usually in the case of reversible effects the variation of the imaginary part of the
permittivity Ae” is called the photoconductivity, and the variation in the real part of the
permittivity A¢' is called the photodielectric effect (PDE). Quite a lot of materials shows
PDE, e.g. organic and inorganic compounds, crystalline and amorphous matters,
materials based on short molecular chains and long oligomeric or polymeric molecules.
In the above listed group of the materials the semiconductors possess maximal
«sensitivity» to light influence.

Despite the fact that PDE was discovered almost century agol, the nature of the
effect is still poorly understood. Directly after detection it has not been given sufficient
attention to this effect. New interest came into view only in the end of 1940 (see Fig.
1, region “I”). The second maximum happened in 1980™ years (see region “II”) was
caused by beginning of microwave investigations.
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Fig.1. Growth of number of papers on PDE per year.

However most sharply expressed maximum falls at present time (Fig. 1, region "III").
The beginning of this maximum well correlates with development of instrument base of
BDS. That has resulted in method Broadband Photodielectric Spectroscopy (BPDS). Its
history, progress and near prospects are discussed in this presentation.

[1] Gudden B. and Pohl U. // Z. Phys. 1920. 1. 365.
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Characteristic hopping lengths and molecular
volumes of imidazolium-based ionic liquids

J.R. Sangoro*, C. Iacob, and F. Kremer
Institute of Experimental Physics I, Linnéstr. 5, 04103, Leipzig, Germany
*Email address: sangoro@physik.uni-leipzig.de

Translational diffusion in bis(trifluoromethylsulfonyl)imide-based glass-forming ionic
liquids (ILs) is investigated in a wide frequency and temperature range by means of
Broadband Dielectric  Spectroscopy (BDS), and Pulsed Field Gradient Nuclear
Magnetic Resonance (PFG NMR) [1-3] as shown in Fig. 1. It is experimentally shown
that in the time-scale characterizing the cross-over from sub-diffusive to diffusive ion
dynamics, the hopping lengths are of the order of molecular diameters determined from
quantum-chemical calculations [3]. This provides a direct means — via Einstein-
Smoluchowski relation — to determine diffusion coefficient by BDS over more than 8
decades unambiguously and in quantitative agreement with PFG NMR measurements.
Unprecedented possibilities in the study of charge transport and dynamic glass
transition are thus opened.
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Fig. 1: (a) Diffusion coefficients determined from

broadband dielectric spectra (open symbols) upon applying the Einstein-Smoluchowski
equation for a series of ionic liquids based on bis(trifluoromethylsulfonyl)imide anion as well as
the diffusion coefficient measured by PFG NMR (filled symbols) versus inverse temperature.
Inset: the effective number density of charge carriers as a function of inverse temperature. (b)
The experimentally obtained hopping lengths (upon combining PFG NMR and BDS) versus the
sum of molecular volumes of anions and cations obtained from quantum chemical calculations
for the different ionic liquids based on the same bis(trifluoromethylsulfonyl)imide anion. The
calculations are carried out in the temperature ranges spanned by both techniques. The mobility
at two selected temperatures are also compared to the computed volumes.
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Dielectric properties of bound water in biological
systems; The Beauty of Nature

Yuri Feldman , Alexander Puzenko and Paul Ben Ishai

Department of Applied Physics,
The Hebrew University of Jerusalem, 91904,
Israel
*Email address: yurif(@vms.huji.ac.il

The interaction of water with biological structures is the mediator of many biological reactions.
In many dielectric relaxation processes involving water in biological systems, the mechanisms
are governed by Cole-Cole (CC) behavior. It is typical for various aqueous systems [1],
including aqueous solutions of physiologically active non-ionic molecules (such as nucleotides),
amino acids and sugars [2]. The phenomenological CC law can be represented by a frequency
dependent dielectric permittivity &* (@) = &, + Ag/[1 + (iw7)*], where &, is the dielectric
permittivity at the high frequency limit, A¢ is the dielectric strength, 7 is a characteristic time
scale and the exponent « is referred to as a measure of symmetrical broadening in the dielectric
losses relaxation peak (0<a<1). It has been found experimentally that « is strictly dependent on
temperature, structure, composition, pressure and other controlled physical parameters [2].
According to the Ryabov model [3] the o(7) dependence reflects the rate of dipole interaction
between the matrix (polymer, or other soluble molecule) and solvent dipoles (Figure 1). These
findings are very similar to the recently obtained results of hydration water studied in rice
kernels (Figure 2) [4]. A main challenge in complex systems including biological is to uncover
a physical model underlying the CC behaviour.

e ‘";ig: [s] " " [ w w
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Figure 1 - CC exponent « versus relaxation time 7 for Figure 2 — CC exponent ¢ versus relaxation time 7
different polymer samples [3]. The curves correspond to for rice kernels, rice flour, and boiled rice with
equation (10). The full symbols correspond to the various moisture contents [4].
hydrophilic polymers and the open symbols correspond to
the hydrophobic samples.

The paper will review the nature of the CC model and the relationship between the stretch
parameter, o, of the CC formula and the relaxation time, 1, of the process. It will be shown that
this links structural and dynamic elements of the relaxation mechanism.
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Scanning of the hydrogen bond network of hydrated

elastin by dielectric spectroscopy
D. Tintar, V. Samouillan, J. Dandurand, 1. Bocchichio and C. Lacabanne
1Polymer Physic, CIRIMAT UMRS5085, Institut Carnot, Université de Toulouse, France
*Department of Chemistry, University of Basilicata, Potenza, Italy.
*Email address: vsamou(@cict.fr

The biological function of many proteins is strongly correlated to the existence
of a hydration shell, but the complete understanding of the underlying coupling of
protein and water motions is still lacking. So it is of peculiar interest to study the
temperature dependence of proteins and water dynamics, in particular trough the protein
dynamic transition at about 200K, which was found to be related to a freezing of
biological functions'. We used dielectric spectroscopy, a well-suited experimental
method®’ to characterize the system elastin-water and elastin-based polypeptides/water
in the low temperature range. Elastin is a main protein of connective tissues such as
lung, arteries and skin, and the mechanism of elasticity of this hydrophobic and
insoluble protein is still subject to debate. The global protein and some of its peculiar
sequences were studied between 123 and 313 K in the 10%/10° Hz range, at different
hydrations levels. The influence of environment was also taken into account, changing
pure deionised water by a trifluoroethanol-water mixture, known to induce folded
structures in proteins. The relaxation maps of the different systems were established and
the temperature dependence of the two modes 3, and 3, was found to be Arrhenius-like,
with a direct proportionality between 3; and [, for elastin hydrated at 50% (cf. figure
1.). The elastin dynamics are “slaved” by water dynamics®. The first analysis of the
temperature dependence of associated relaxation times gives an insight into the mutual
localized dynamics of solvents and peptides, trough the dynamics of the associated
hydrogen bonds network of these systems.

Fig.1. Relaxation time tf3; plotted versus relaxation timetf3, for elastin containing 50% of
water in weight
References
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Detection of Amyloid Precursors by Dielectric Relaxation Spectroscopy
I._Stroe'’, D. Barry', F. Prifti'
"Worcester Polytechnic Institute, Department of Physics, 100 Institute Road, Worcester
MA, 01609,USA
*Email address: izabela@wpi.edu

Recent clinical and experimental evidence suggest that the occurrence of amyloid deposits
in Alzheimer’s disease (AD) could actually be a defense mechanism employed to avoid
serious tissue degradation while the major toxic effects to cells are mediated by preamyloid
oligomers'?. Therefore, detection of preamyloid oligomers is crucial for treating,
preventing, and inhibiting the progression of these devastating diseases. Recent work shows
that amyloidogenic peptides associate to form oligomers through long-range hydrophobic
attractions®. When peptides aggregate in larger composites, their hydrophobic patches are
buried inside the newly formed amyloidogenic assembly. This gradually changes the
interaction with the surrounding water molecules. Dielectric relaxation spectroscopy is a
very sensitive technique to detect such changes. By using this method we can assess the
dielectric relaxation (DR) signal of the interface water and differentiate between various
amyloidogenic molecular structures. We measured the dielectric permittivity of
amyloidogenic and non-amyloidogenic peptides as a function of frequency, concentration
and incubation time. We compared our DR results with data obtained from transmission
electron microscopy and immunochemistry assays® to test the molecular structures
associated with the measured dielectric signal. Our preliminary work shows that structural
transitions from monomers to oligomers and to protofibrils shift the DR signal toward the
DR signal of bulk-like water. This is in agreement with recent theoretical and computational
results.
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Dielectric Relaxation study of Biomolecules using

Time Domain Reflectometry (TDR) technique
R. B. Talware*, P. G. Hudge, and A. C. Kumbharkhane”
School of Physical Sciences, Swami Ramanand Teerth Marathwada University,
Nanded — 431 606, India
*Email address: ravindratalware@yahoo.co.in
“Email address: akumbharkhane@yahoo.co.in

Dielectric dispersion in the systems of amino acids, peptides and proteins in aqueous
media has received considerable attention'. The study of dielectric relaxation of amino
acid in water mixture may reveal details about their interaction with water. Mostly all of
the amino acids in cells are dissolved in aqueous region of the cell. The complex
permittivity of biomolecules in water mixture for various temperatures and
concentrations have been measured as a function of frequency between 10 MHz to 30
GHz using time domain reflectometry (TDR)? technique. Dielectric parameters i.e. static
dielectric constant and relaxation time were obtained from the complex permittivity
spectra using nonlinear square fit method. From the values of relaxation time,

thermodynamic parameters were determined.
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Dielectric relaxations at nanometric length-scales
F. Kremer, E.Mapesa, M.Tress and A. Serghei*

University of Leipzig, Germany, Amherst

Broadband Dielectric Spectroscopy (BDS) as one of the maior tools in studying molecular
dynamics benefits from the extraordinary advantage that its sensitivity increases with
decreasing thickness of a sample capacitor and hence with a decreasing amount of sample
material. By use of refined preparation techniques and with novel nanostructured electrodes
it is possible to avoid the (conventional) evaporation of a metal counterelectrode onto the
polymerlayer. This enables one to analyse the molecular dynamics of polymerlayers being
thinner than 5 nm and poviding usually no full coverage of the underlying surface. Even
measurements of the dynamics of quasi-isolated polymer coils are possible. This is
demonstrated for a variety of polymers in a wide spectral range (10%Hz — 10°Hz) and at
temperatures between 150 K to 350 K. Furthermore ellipsometric and AC-calorimetric
studies are encluded. The results are analysed and discussed within the framework of the
physical understanding of the dynamic glass transition.




Adsorption and deviations from bulk behavior, from
dead to self-accelerated layers
S. Napolitano *, M. Wiibbenhorst
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Katholieke Universiteit Leuven, Celestijnenlaan 200D, B-3001 Leuven, Belgium

*Email address: simone.napolitano@fys.kuleuven.be

A large number of experimental works highlighted how properties of ultrathin polymer
films depend on the annealing conditions used during their preparations. We show clear
evidences that the changes ultrathin films undergo during annealing are strongly
correlated to the amount of chains irreversibly adsorbed at the interface. A careful
analysis of the time evolution of the dielectric function during annealing step above T,
revelead three different regimes: at short times the thickness of the adsorbed layer is
constant and the interface mimics the effects of a free surface; when the vacant sites
start to be filled by new chains the films undergo a series of metastable states
characterized by the largest changes in the deviations from bulk behavior; finally the
system approach a new equilibrium whose properties are fixed by the new interfacial
configurations.

Finally, we add more evidence on the unusual confinement effects of poly(tert-
butylstyrene)'. Differently from polystyrene, below 50 nm, both the glass transition
temperature and the thermal expansion coefficients decreased. Such a mixed behavior
implies an enhancement of the molecular mobility, without the presence of any free
surface, but dead layers. On the basis of a careful analysis of averaged quantities,
measured by capacitive dilatometry, we deduced a profile of thermal expansivity that
explains our experimental data and previous observations in polymer nanocomposites.
The effect of density-conformation coupling in proximity of a non-attractive interface
allows the coexistence of an immobilized fraction in contact with the metal and an
excess of thermal expansivity, arising from the long range effects of packing frustration
penetrating inside the bulk-like core of the film.

[1] S. Napolitano, A. Pilleri, P.Rolla, M. Wiibbenhorst, ACS Nano 4(2), 841-848 (2010).




Relaxation dynamics of ultrathin polymer films
investigated on the nanoscale by local dielectric

spectroscopy
K. H. Nguyenl*, D. Prevostoz, M. Labardiz, S. Capaccioli 1’2, M. Lucchesi"z, P.A.
Rolla'?

! Dipartimento di Fisica, Universita di Pisa, Largo Pontecorvo 3, 56127 Pisa, Italy
? Istituto per i Processi Chimico-Fisici, CNR, Largo Pontecorvo 3, 56127 Pisa, Italy

*Email address: nguyen@df.unipi.it

The dielectric relaxation of ultrathin polymer films has been investigated effectively by
several techniques and most of them were used to measure relaxation properties on
macroscopic regions of the sample. A possible approach to obtain highly local
measurements of dielectric properties of ultrathin films is the local dielectric
spectroscopy'. This technique has been implemented by means of an atomic force
microscope (AFM)-based method named frequency-modulated electrostatic force
microscopyz. In essence, an excitation voltage, V(f) = Vac cos (), is applied to the
conductive tip of an AFM, inducing a variation of the tip resonant frequency, which is
proportional to the gradient of the electrostatic force between the tip and the sample.
This variation at the second harmonic, 2, is measured in amplitude and phase by using
dual-phase lock-in technique locked at the excitation voltage. In particular, the phase
angle, d., is related to the dielectric relaxation properties of the sample.

This method has been applied to study the change in dynamics of ultrathin poly(vinyl
acetate) films as the film thickness is decreased. Dielectric loss spectra were obtained as
a function of frequency at different temperatures in controlled atmosphere (relative
humidity less than 5%) (Fig. 1). The influence of the polymer molecular weight on the
dielectric relaxation of the films was also investigated.
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Fig. 1 Frequency dependence of the phase angle J, at different temperatures for a 55 nm
ultrathin film of poly(vinyl acetate).
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DIELECTRIC RELAXATION SPECTRA IN ULTRATHI?
FERROELECTRIC POLYMER FILMS AND
NANOCRYSTALS

K.Verkhovskaya', A Plakseev', A.Lotonov?and N. Gavrilova?

! Shubnikov Institute of Crystallography, Russian Academy of Sciences, Leninskii pr. 59, Moscc
119333, Russia
?Lomonosov Moscow State University, Moscow, Russia
e-mail: kira@crys.ras.ru

In 1995 the first ultrathin ferroelectric Langmuir-Blodgett (LB) films were prepared from
copolymer vinylidenefluoride with trifluoroethylene P(VDF/TrFE) [1]. The first nanocrystals of
copolymer P(VDF/TrFE) were prepared in [2].

In the present work dynamic dielectric measurements were carried out for LB films (1-2
monolayes) of copolymer P(VDF/TtFE) 70/30 over the frequency range 10'-2-107 Hz for tempera
interval 25-130°C. The observed dielectric relaxation follows the Debye-type frequency depend:
of ¢* for ultrathin LB films. The mean relaxation time © was obtained from the &" peak frequenc:

(t =12% £, fn =5-10Hz, T =3.107s). Since the dipoles are rigidly attached perpendicular to
polymer chain, the dipole motion is caused by the rotation of chain molecules. The new observa

for ultrathin LB film 2nm thick is the appearance of second relaxation maximum &" at the freque
f=5.10° Hz in paraelectric phase at T=110°C (Fig.). These two maxima of &" exist during coolin

the region of temperature hysteresis, where the coexistance of ferroelectric and paraelectric phases
takes place. The one maximum appears again in ferroelectric phase. We assumed, that the medium
polarization of Maxwell-Wagner type exists at phase transition due to injection of charge carriers {
electrodes and accumulation of carriers on the boundaries in inhomogeneous medium, connected °

the coexistence of two phases.
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Fig. Frequency dependences of ¢ and &” for a P(VDF-TrFE) (70/30) film with thickness 2 nm for differe
temperatures upon heating.

The phase transition in nanocrystals has not been studied previously. This transition was
observed by the dielectric dispersion method.The character of frequency dependences of €' and &'
nanocrystals exhibits changes at 100°C. The another relaxation maximum of " appears at f=3. 10°
Thus for nanocrystals the temperature of phase transition is equal to 100°C.

Acknowledgment. This work was supported by Russian Foundation for Basic Research (Grant 09 -02-00096)
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Dielectric relaxation spectroscopy signature of polymer

adsorption at a solid surface

Cinzia Rotella, Simone Napolitano, Michael Wiibbenhorst
Katholieke Universiteit Leuven, Laboratory of Acoustics and Thermal Physics, Department of Physics
and Astronomy, Leuven, Belgium

cinzia.rotella@fys.kuleuven.be

upported thin polymer layers are important for many applications such as microelectronics,
anocomposites or biomedical devices. In particular, the interaction between the polymer layer and th
olid surface is critical and alters the effective properties of the layer, as evidenced by the variations of th
lass transition temperature (7g). What is still unclear is how adsorbed chain segments modify th
ynamics of the whole system.
[ere, we investigate polymers adsorbed at surfaces by dielectric relaxation spectroscopy (DRS), which :
powerful technique to study glass transition dynamics and local relaxation processes in ultrathin
olymer films. We used ultrathin films of neat polystyrene (PS) as well as PS labelled with the highl
olar dye molecule “disperse red 1” at a concentration in the order of 1 — 2 %. For both kinds ¢
olymers, we prepared 25 nm thin films that were capped between aluminium electrodes. Subsequently
re performed isothermal time-resolved dielectric measurements, for at least 20 h and well above 7, (12
C — 145 °C). In the case of the labelled polymer, we observe during annealing a tremendous decrease ¢
1e dielectric strength Ag, accompanied by a systematic increase of the structural relaxation time
« (Fig.1). Analogous experiments on neat PS of same molecular weight did not reveal such an effect o
quivalent timescales. In relation with the different attraction strengths of both polymers with the surface
e propose the following scenario. The reduction of Ag, originates from a specific interaction betwee
1e labelled PS and the Al substrate, taking place through an immobilization mechanism of the dye
10ieties at the metal surface. The polar groups of the labelled PS could physisorb onto the aluminiut
uarface and form an interface containing strongly adsorbed moieties. The adsorption must proceed vi
-ansport of the dye molecules trough the film, which occurs by sub-chain diffusion. In addition, th
wcrease of the structural relaxation time indicates a slow down of the overall molecular mobility
veraged over the thickness. Extensive studies performed with various multilayer systems support the
vidence of the adsorption process.
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Fig.1. Temporal dependence of the dielectric strength Ag,, and relaxation time 1,, (inset) for 25 nm thick films of

neat PS and PS labelled. Data were obtained fitting dielectric spectra recorded during annealing at 140 °C.
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Glass transition dynamics of single and stacked

thin films of polymers
K. F ukaoi, Y. Oda, T. Terasawa, K. Nakamura, D. Tahara
Department of Physics, Ritsumeikan University, Kusatsu 525-8577, Japan
*Email address: fukao.koji@gmail.com

Recent investigations revealed that 7, of thin polymer films decreases with decreasing
film thickness in many cases'. As the phys1ca1 origins for the depression of the 7, , there
are some candidates such as surface or interfacial effects’, and confinement effects in
thin film geometry. It has been reported recently that stacked thin polymer films exhibit
the glass transition behavior typical both of the ultra thin polymer film and of the bulk
system depending on the annealing conditions’. This might give us the possibility of
controlling the interfacial interaction between ultra thin polymer layers on the 7,. In
this study, we have investigated the glass transition behavior of single thin ﬁlms and
stacked thin films of poly(2-chlorostyrene)(P2CS) by dielectric relaxation spectroscopy
in order to investigate the effect of the interfacial interaction between polymer layers on
the glass transition behavior.

Fig.1 shows the thickness dependence of 7, of single thin films of P2CS together
with T, of the stacked thin films. The thickness of the stacked films in Fig.1 is that of
each layer in stacked films. In Fig.1 T, of the stacked films annealed at 120C is about
10K lower than that of the corresponding single thin film and it increases during
annealing process. In the case of PS thin films, it has been reported that the magnitude
of the depression of 7, of the freely standing films is by about 50 K larger than that of
the supported thin ﬁlms If the magnitude of the depression of 7, of the freely-standing
thin films of P2CS can obey the same law for PS, it is concluded that the 7, of the
stacked thin films of P2CS is located between the supported single thin films and the

freely standing films. This result is 390 -
consistent with the results observed for PS R Y
stacked thin films®. Furthermore, we can 385 i . ¢

expect that T, of the stacked thin films R

should approach the bulk 7, with further WO of
annealing. In order to check the
expectation, we have monitored the time a5
evolution of the dielectric spectra during

T, (K)

the isothermal annealing at a given a7 g single —e—
L stacked, 120 G —=—
temperature 7,. The initial state of the @ stacked, 140 C - 100 kHz
. 365 Lt
sample was stacked films of 10 thin layers 0 10 20 30 40 50 60 70 80 90 100 1000
that have experienced the thermal history d (nm) < fom}

of only one cycle of heating and cooling Fig.1: thickness dependence of Tg for single
between 0°C and 152°C at a rate of thin films and stacked thin films of P2CS, The
1K/min. The results observed during the stacked films are annealed at 120C or 140C for
isothermal annealing will be presented in 2 hours.

the presentation.
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Dynamic heterogeneity and relaxation properties of

supercooled liquids

C.M. Roland"", D. Fragiadakis', R. Casalini', K.L. Ngai', and S. Capaccioli’
'Naval Research Lab, Washington, DC 20375-5342, USA
Universita di Pisa, Largo B. Pontecorvo 3, 56127, Pisa, Italy

*Email address: roland@nrl.navy.mil

Molecules in a dense liquid exert reciprocal influences, and these correlated, many-body
interactions are a distinguishing feature of the supercooled dynamics. We determined
the number of dynamically correlated molecules, N., as a function of temperature and
pressure from derivatives of the linear dielectric response function' and (for polymers)
from intersection of the normal mode and segmental relaxation times.>* The various
methods of obtaining N, are compared. We find that N, depends only on the magnitude
of the relaxation time, 7,, independently of 7 and P, a result consistent with the
invariance of the shape of the relaxation dispersion at constant 7,; that is, both the
distribution of relaxation times (reflected in the Kohlrausch-William-Watts /) and the
spatial extent of the fluctuations transpiring over a time scale = 7, are determined
entirely by the magnitude of 7,.>® Furthermore, since N, and f§ both reflect dynamic
heterogeneity, these two quantities are expected to be approximately (inversely)
correlated; however, this expectation is not borne out by the data. As shown in Figure 1,
any correlation is weak or non-existent (R = -0.32), notwithstanding the connection of #
to many relaxation properties and the fact that various phenomena (e.g., rotation-
translation decoupling and confinement effects on 7,) have been ascribed to dynamic
heterogeneity. Evidently the mapping of correlation volumes to correlation times is
quite chemical structure dependent.
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Fig.1. Number of dynamically correlated molecules versus the KWW exponent for the o.-
dispersion in the dielectric loss. Data from ref. [2].
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Dielectric spectroscopy of alcohols up to 2.5THz
Y. Yomogida, R. Nozaki"
Department of Physics, Faculty of Science, Hokkaido University, Sapporo 060-0810,
Japan

*Email address: nozaki@dielectrics.sci.hokudai.ac.jp

Dielectric response of hydrogen-bonding liquids is quite different from that of usual
ones like simple polar liquids or their dilute solutions in non-polar solvents. According
to many investigations so far, water and some alcohols with one or two hydroxyl groups
(OH) show a Debye-type dielectric relaxation with relatively large relaxation strength,
so called the primary process, and the secondary process with small strength in the high-
frequency side of the primary process. This feature is very common for many materials
even with different chemical structure such as 1-alcohols, 2-alcohols and diols.
However, origins of the processes are still under discussion because of some
complicated situations. One of the example is that 1-alcohols and corresponding diols
have almost the same dielectric relaxation time at room temperature, however, the
values of viscosity for them are much different'. On the other hand, polyhydric alcohols
like glycerol and sorbitol easily undergo supercooled liquid. It is well known that most
of the supercooled polar liquids show the structural alpha relaxation process and the
secondary beta process. Since the alpha process is continuously connected to the
“primary” relaxation observed in the high temperature liquid state, it has long been
considered that the alpha process is essentially the same as the primary process.
However, there are many different characteristics between the two processes. Recently,
we have reported that the supercooled sugar alcohols show an ultra-slow process below
the alpha relaxation frequency’. Although relation between the ultra-slow and the
primary processes is of great interest from the point of understanding the primary
process, we still don' t have enough information to consider that in detail. Why do we
have these problems to understand dielectric relaxation processes observed in the
hydrogen-bonding liquids? One of the reasons is considered to be that these processes
have too much “universality” among different materials. Recently, we have
demonstrated that THz dielectric response of alcohols, which has not been well
investigated so far, is very sensitive if compared to the response blow microwave
frequency range®®. l-alcohols and its isomers, and corresponding diols show a
common feature in dielectric behavior in the frequency range of 0.2-2.5THz: (i) the
high-frequency side of dielectric relaxation processes, (ii) the broad vibration mode
around 1-1.5THz, (iii) the low-frequency tail of an intermolecular stretching mode
located above 2.5THz. Behavior of the broad vibration mode observed in alcohols is
very sensitive to the molecular structure even appearance of the relaxations below
20GHz is not. Since this broad vibration mode is considered to be strongly connected
to the local molecular dynamics only with several molecules, which is coupled with the
elementally relaxation process, careful comparison of the mode among many alcohols
gives us useful information to understand all the dielectric relaxation processes of
hydrogen-bonding liquids.
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Insights On The Origin Of The Debye Process In
Monoalcohols From Dielectric Spectroscopy Under
Extreme Pressure Conditions

D. Fragiadakis, C.M. Roland and R. Casalini

Chemistry Division, Naval Research Laboratory, Washington DC

The dielectric spectra of most simple liquids are characterized by two relaxation
processes: (i) the a-process, an intense, broad non-Debye relaxation with a non-
Arrhenius temperature dependence and (ii) a f—process, evidently mainly below the glass
transition and having a nearly Arrhenius temperature behavior. However, the dielectric
spectra of monoalcohols show three processes, two that resemble those of normal liquids,
and a third very intense Debye peak at lower frequencies, which is non-Arrhenius.
Interestingly, this third process is not observed with other techniques, such as light
scattering and mechanical spectroscopy. There is disagreement in the literature
concerning the nature of this third relaxation. We investigated 2-ethyl-1-hexanol under
high pressures (up to ~1.4GPa) over a broad range of temperatures. The Debye process,
which is the slowest, is strongly affected by pressure. At higher pressures the relaxation
times and intensities of the two non-Arrhenius relaxation become nearly equal. In light of
these results, we propose a modified interpretation of the relaxation processes and their

underlying structures in monoalcohols.




On the mutual relationships

between atomistic and molecular probe dynamics and

broad-band dielectric spectroscopy
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We present a combined study of the local free volume and rotational dynamics in
prototypical strong and fragile glass-formers glycerol (GL) and propylene carbonate
(Pc) by means of the two probe techniques in relation to broadband dielectric
spectroscopy (BDS). The atomistic probe method is based on the annihilation behavior
of the ortho-positronium (o-Ps) probe as measured by positron annihilation lifetime
spectroscopy (PALS). The molecular probe one consists in using the smallest spin probe
of nitroxide type:2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) investigated by
electron spin resonance spectroscopy (ESR). First, the o-Ps lifetime, 13, and the
extracted free volume parameter,Vy, are compared with the reorientation dynamics of
the TEMPO probe as quantified by the spectral parameter of mobility, 2A,,, and the
correlation time, t.. Next, both the PALS and ESR responses are closely correlated with
the dipolar relaxation dynamics of GL and Pc as obtained from the detailed BDS
studies’.

In the case of strong glycerol, three distinct regions of the TEMPO rotation dynamics
can be found: the two ones within the slow motional regime with an
acceleration crossover at the characteristic ESR temperature, Tx;, which coincides with
the characteristic PALS temperature, T,;. Both these crossovers are related to an
influence of the secondary [§ process in the supercooled liquid state above T,. Next, the
slow to fast regime transition occurs at the characteristic ESR temperature, T, ~ Tsg,
which is again close to the characteristic PALS temperature, Ty, being related to the
primary o process in GL. In the fast motional regime, a close coupling between the spin
probe reorientation process with the primary « relaxation in the liquid GL occurs.

In contrast, for fragile Pc, two different regions of reorientation dynamics of the
TEMPO were found. The slow to fast regime transition at the characteristic temperature,
T. ~ Tsoc, being close to the characteristic PALS temperature, Ty, is connected with the
primary o process in Pc. In the fast motional regime, the spin probe reorientation
process is closely coupled to the structural relaxation of the propylene carbonate liquid.

Finally, for both small molecule glass-formers it was revealed that the slow to fast
regime transition at the spectral temperature, Tsog, is connected with the o-Ps lifetime,
73(Tsoc) = 2.2+0.1 ns which is in agreement with the empirical finding of 13(Tsoc) =
2.14+0.08 ns discovered previously for the same spin probe in a series of amorphous
polymers®. Tt means that the slow to fast crossover is independent of the topological
(small molecule vs. polymer) and chemical (interparticle-bonding) structure of the glass
formers and is connected with the local free volume fluctuation of about 117+9A°.
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Dynamic of the clusters in monosaccharides followed by dielectric
spectroscopy

K. Kaminski®, K. Adrjanowicz, Z Wojnarowska, P. Wlodarczyk, K. Grzybowska,
R. Wrzalik, M. Paluch
! Institute of Physics, University of Silesia., ul. Uniwersytecka 4, 40-007 Katowice,
Poland
*Email address: kaminski@us.edu.pl

Dielectric and FTIR measurements were performed on six carbon monosaccharides in
thier supercooled liquid phase. Surprisingly except structural relaxation we found much
slower relaxation mode. Analysis of the dielectric data indicated that this new mode
reveals characteristic features of the cluster relaxation, i.e. exponential relaxation
function of this process, equilibration time much longer than the relaxation time.
Therefore we attributed this process to the Long Range Correlations of Density
Fluctuations (LRCDF). We also show that above T=370 K dielectric strength of the
cluster relaxation in D- glucose start to decrease very quickly. On the other hand FTIR
measurements indicated that at T=366 K reorganization of liquid structure occurs.
Combined dielectric and FTIR data indicated that above T=366 K clusters become less
stable and probably being destroyed in this particular saccharide. Moreover we
determined splitting temperature T,=387 K from dielectric data which corresponds very
well to the temperature T=385 K at which change of dynamics of hydroxyl group
(hydrogen bonds) can be seen. One can anticipate that change of dynamics of the D-
glucose (at Ts) is related to the temperature at which LRCDF vanishes. It should be
added that in the best our knowledge it is first dielectric study on dynamics of the
clusters in carbohydrates. Finally our study completes whole relaxation map of the

monosaccharides.
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Crystallization and induced glass transition of n-

alcohols confined in silicon-nanochannels
R. Pelsteri, R. Berwanger, Ch. Schumacher
FR 7.2 Experimentalphysik, Universitdt des Saarlandes, D-66123 Saarbriicken,
Germany
*Email address: rolf.pelster@mzx.uni-saarland.de

We have investigated the molecular dynamics of n-alcohols (C4sHyOH - C;;H,30H)
confined in mesoporous silicon and silicon oxide. For this purpose, silicon wavers were
electrochemically etched resulting in the formation of approximately parallel nano-
channels. The procedure allows us to vary the pore dimensions in a well-defined way.
The mesoporous samples can be easily filled with alcohols. Using dielectric and
infrared spectroscopy we show, that the temperature of the liquid-solid phase transition
and the structure of the solid phase depend on both the chain length and the radius of the
pores (r=3.5nm -7 nm ):

Long-chain alcohols exhibit a crystalline structure at low temperatures'. The
confinement induces a lowering of the freezing temperature Tg. The shorter the chain
length or the smaller the pore radius, the lower Ty Below the phase transition only the
dynamics of amorphous wall layers are observable.

Short-chain alcohols behave differently. While bulk alcohols still freeze upon slow
cooling, we observe a glass transition for the confined phase. The glass transition
temperature is close to that reported for quenched bulk alcohols.

We thus conclude that nano-confinement suppresses the crystallization process and
induces a glass transition.
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Phase transition of SCB/DDAB/Water microemulsion as a
function of temperature and time: detected by dielectric
spectroscopy

Z. Chen*, R. Nozaki
Dielectrics Laboratory, Department of Physics, Faculty of Science, Hokkaido
University, 060-0810 Sapporo, Japan
*Email address: czdrs2006(@hotmail.com

In a recent report', SCB/DDAB/Water inverse microemulsion exhibits intriguing
phase transition, during which a new superstructure called “Transparent Nematic (TN)
phase” shows up. However, it is arguedz'3 that this phase transition is a simple phase
demixing due to paranematic fluctuation, which contradicts the notion of TN phase.
Since dielectric spectroscopy is sensitive to dipolar motions on different length scales,
dielectric study on the phase transition can provide information on this controversy.

In this study, we performed the dielectric measurement on 5CB/DDAB/Water
microemulsion as functions of temperature and time. The temperature dependence of its
dielectric behavior is shown in Fig.1 (a), which is turned out to be the result of phase
transition with temperature. In addition to relaxations of bulk-like 5CB, a new
relaxation was observed in lower frequency range. The relaxation intensity of this new
relaxation is enormously increased in the vicinity of phase transition temperature, and
its relaxation time shows nonmonotonic temperature dependence. On the other hand,
since the isotropic-nematic phase transition is companied by phase demixing and
diffusion of water droplets, we believe the phase transition is also time dependent. At
fixed temperature close to transition temperature, the dielectric behavior of the system
varies obviously with time, as shown in Fig.l1 (b). The result indicates a complete
exclusion of isotropic phase from nematic phase. Interestingly, even when isotropic
phase has been totally excluded, the new relaxation is still present in the nearly “pure”
nematic phase, which hints a superstructure composed by water droplets and SCB.

[
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Fig.1. 3D plots of dielectric loss spectra at different temperature (a) and time (b).
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Dynamics in H-bonding glass forming liquids: From
ultrathin films to ultrastable glasses
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Confinement effects on the glass transition have been widely studied in the past decade
using various nanometer geometries and experimental techniques. This paper focuses on
the dynamics of ultrathin films of glycerol and other members from the homologue
series (threitol, xylitol and sorbitol) as studied by dielectric spectroscopy (DRS).
Ultrathin films are produced by molecular beam deposition onto a glass substrate
patterned with an interdigitated comb electrode (IDE), a configuration that allows the
real-time study of the relaxation dynamics of the liquid films upon continuous variation
of the film thickness by deposition or desorption.

Thin films of glycerol and threitol revealed a remarkable broadening of the relaxation
time distribution of the structural relaxation (o-process) below 20nm, indicating
enhanced mobility at the free surface coexisting with a slow molecules at the
liquid/solid interface. For films below 3nm, slight up- or down shifts in the mean
relaxation time were found, the actual trend particularly depending on the surface
roughness.

For Xylitol, a qualitatively different picture was found: the relaxation dynamics in a
thickness range from 1 — 50 nm revealed gradual changes of the relaxation pattern from
bulk behaviour towards a full suppression of the a-process for the thinnest films.
Below 5nm, a single Arrhenius-type relaxation could be observed, characterised by a
remarkable dielectric strength and an increasing activation energy upon decreasing
thickness.

Finally, the relaxation properties of various “ultrastable” glasses will be discussed in the
context of dynamic heterogeneities and local order fluctuations in dense glasses.
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A comprehensive characterization of a cellulose acetate (CA) asymmetric membrane,
with pore radius at the nanometer scale in the surface of the dense layer, is provided and
compared with CA in the powder state. Several techniques (DSC, TGA, FTIR, SEM
and DRS) have been used to gather information on the CA molecular organization, from
which dielectric relaxation spectroscopy (DRS) plays a special relevance providing
dynamical information. The role of the water is particularly highlighted.

DSC revealed that both materials have a low crystallinity degree. The CA membrane
displayed a sharper melting endotherm, higher thermal stabilization (as seen by TGA)
and a more resolved FTIR spectrum compared to CA powder, indicating a more ordered
chain arrangement. Two sub-glass relaxation processes between 173 and 298 K in both
membrane and powder were identified by DRS. The process detected at higher
frequencies and lower temperatures (emerging even below 173 K) is significantly
influenced by the water content, undergoing a plasticizing effect. Its mobility is
enhanced in the polymer powder due to a looser structure of the material offering more
internal sites to be accessible for water uptake: the water concent in CA powder is 2.7 %
w/w against 1.6% w/w in the membrane. The pre-exponentail factor and activation
energy are compatible with a local motion. It is concluded that both exocyclic groups
and main chain oxygen atoms should be involved in this process in a coupled motion
with water molecules.

The relaxation process that emerges later (198 K) is compatible with localized motions
being similar for both CA powder and membrane; in opposition to the first process, it
undergoes a slight anti-plasticizing effect with hydration. For both materials the two
processes merge into a broad relaxation upon dehydration. In the membrane, this
relaxation undergoes an intensity enhancement for temperatures higher than 353 K,
clearly differentiating from the CA powder behavior, whose dielectric response instead
reaches a plateau. This effect can be associated with a skin densification and partial
collapse of the membrane porous network, as observed by SEM.
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Dielectric analysis of water/polymer interactions:

from synthetic to natural polymers
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Influence of water interactions on physical structure of polymers remains a wide issue
for many domains of applications. This study tries to shed some light on this phenomenon and
illustrates it thanks to two examples: polyepoxy and cellulose.

During spacecraft integration - in clean room - materials are used under humid and thermally
controlled conditions. This approach is based on a simulated ageing of an epoxy-amine
adhesive used in aluminium assemblies. We will focus on ground ageing (also called humid
ageing). A peculiar attention has been devoted to the influence on the physical structure of
accelerated testing conditions or real-time ageing. As the most common form of biomass,
wood concentrates suddenly a high interest. The influence of hydration on cellulose molecular
mobility has been investigated at different molecular scales.

In both examples, dielectric measurements were performed in a very broad temperature and
frequency range. Thermo Stimulated Current (TSC) analyses combined with Dynamic
Dielectric Spectroscopy (DDS) have been applied to the investigation of molecular mobility
influenced by water interactions. Such investigations based on the analysis of relaxation times
associated with molecular mobility involved in polymers and polymer/water complexes
exhibit the major role of interactions.

In polyepoxy, a splitting of the relaxation mode associated with the glass transition is
observed: The lower temperature component has been attributed to a plasticization of
molecular mobility in the glassy state. The splitting is due to the heterogeneity of the
amorphous phase of polyepoxy. In the rubbery state, the increase of localized molecular
mobility has been assigned to the mobility of hydroxyether / water reorientations.

In cellulose, the a relaxation mode is significantly shifted towards lower temperatures. Such a
relaxation is assigned to the delocalised cooperative mobility liberated at the glass transition.
It is plasticized by water. The study of activated parameters deduced from Fractional
Polarization procedure, shows a decrease of the activation enthalpy range upon hydration.
This evolution has been assigned to an increase of hydrogen bonds density leading to a more
extended cooperative motion.
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Dynamics of aqueous mixtures at low T and high P
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An easy way to study water in an amorphous state at very low temperature is to mix it
with hydrophilic liquidsl. We have performed broadband dielectric spectroscopy
experiments on water mixed with saccharides (glucose, trehalose) and propylene glycol
(PG) oligomers (n repeating units: n=1, 3, 7). We covered a dynamic interval from 0.1
ps to 1 ks, under a very wide temperature (T=100-350 K) and pressure (P=0.1 MPa-1.8
GPa) range. Glucose and trehalose were mixed in the range 15-30% of water weight
fraction. As for the PG oligomers, we selected mixtures with two concentrations (4 and
~30 % wt. fraction of water) previously studied at ambient pressurez. All the systems
with high concentration of water have shown a similar dynamic scenario, with two
relaxation processes: a slower a-process, related to cooperative large scale motions of
solute and water molecules, and a faster secondary v-process, due to the local motions
of water'. The relaxation time of v-process shows a marked crossover (T.), always
occurring just below Tg, from a Vogel-Fulcher temperature behaviour to an Arrhenius
one on cooling (see Fig.1). The same scenario is common to all the systems and also to
all the different isobaric scans. High pressure experiments on water mixtures reveal a
very general phenomenology: both glass transition and crossover temperatures, T, and
T, increase with pressure and a similar trend, at least below 1 GPa, is common to the
activation energy of v relaxation in the glassy state. The crossover time of v-process,
1(T¢), becomes shorter with increasing pressure. As far as we know, this is the first
systematic study on slow dynamics of aqueous systems under high pressure.
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cork derivative and their relation to humidity
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A composite of recycled cork and TetraPak® was developed at LNEG and possible
applications are still under study. The study and understanding of the electrical and
dielectrical properties may lead to applications in the area of sensors. The structure of
cork (a cellular material with closed cells in the microscale filled with gas) may suggest
that it possible to make the composite piezoelectric. Previous studies' have shown that
the relavant properties are strongly dependent on the humidity. So the latest efforts have
been devoted to better control the amount of humidity and understand its influence?.
The material is produced by grinding and hot pressing of the two components. In order
to reduce amount of water in the final product a wax was added to the material and also
the powders are dried previous to pressing. After pressing the samples are stored under
controlled humidity and temperature.

In this work a composite of cork(48% wt.)/TetraPak®(48% wt.)/Commercial
paraffin(4% wt.) was produced. After pressing the samples were kept also at 70 °C until
measurements were made.

The composite samples were analyzed using isothermal charging and discharging
currents (ICC and IDC) measurements, thermally stimulated discharging currents
(TSDC) and dielectric relaxation spectroscopy (DRS). For the isothermal measurements
the value of the applied electric field was 2 to 10 kV/m and the ICC/IDC temperature
was kept constant. The DRS measurements were performed in the frequency range of
10" Hz to 2 Mhz and the temperature range of —50°C to 120°C. Several runs were made
in order to evaluate the influence of thermal cycling in the dielectric properties (and also
water content).

The influence of water content was investigated in order to understand space charge
storage. The effect of the processes of water absorption and desorption was studied.
The results were compared with previous ones published for the cork/TetraPak®
composite, natural cork and cork agglomerates. Special attention was given to the
differences arising from different conditions during samples preparation and
conditioning.

References

[1] J.N Marat-Mendes., E.R Neagu: Ferroelectrics 294, 123(2003).

[2] M. Carmo Langa, W.Wirges, E.R. Neagu, R. Gerhard-Multhaupt, J. Marat-Mendes, J. Non-
Crystalline Solids 353, 4501(2007).

HB_AM I2
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At the present time, the nanodiamonds (NDs) find application 1n vanous technologies.
The use of MDs in hiology and medicine offers the greatest promise [1]. It was revealed
that NDz could be the new class of medicd nanomatenals for delivering anti-cancer
chemicals to cells [2]. MDs could also be employed aganst tuberculoss or viruses. The
instability of MDz water suspensions is a serious obstacle to their use in medicine, The
investigaton of the water state in the NDs suspensions 15 of ohwious interest in
comnection with the problem of the stability of NDs suspensions and revealing the
tnechanistns of the MDzinfluence on biological objects.

In the present worlk the NDs water suspensions produced by Scientfic Production
Enterprise "SINTA" Ltd (Kharkov, Ukraine) were studied. The concentrations of NDs
in the suspensions were 0,1 wt %% - 3,5 wt %. The real (g7 and imaginary (&%) parts of
the complex permittiwity (g¥==-1g") of the suspensions were measured hy the
tnicrowave didlectric method descnbed (3] A resonator type ultra high frequency
(UHF) dielectrometer at the frequency of 3.2 GHz has been used. The low-frequency
conductivity was measured by the alternating current bridge at 1 kHz The static
diclecttic permithvity and the frequency of water molecules dielectric rel azation were
found from the Debye equations.

It was found that the real part of the complex permitivity decreases and the imaginary
part increases with the increase of the NDs concentration. It was also found the
reduction in the static dielectric pemmithivity and in the frequency of water molecules
dielectric relazation wath the increase of the concentration of MDs. These observations
can result from decreasing of the amount of bulk water 1n the system and from the
ordering of 1ts structure. The walues of g were compared with the theoreticaly obtaned
values of the effective permittivity of NDs suspensions. The hydration of NDs was
taken intn account. The two types of the structured water in the suspensions of NDs
were found.
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Structure-Property Relationships of Polymeric Nano-
composites with Layered Nanofillers
Interplay between Matrix and Interfacial Effects

A. Schoenhals
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Berlin, Germany
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Different types polymerbased nanocomposites with a broad variety of nanofillers are prepared
where the concentration of the nanofiller is varied. TEM images show both an intercalated
and exfoliated morphology in dependence on the nanofiller and the matrix. All systems are
studied in detail by dielectric spectroscopy (DS) but also complementary methods like gas
transport measurements, calorimetry, and FTIR spectroscopy are employed. Besides the
dispersion, the interfacial region between the nanoparticles and the polymer matrix is crucial
for the properties of the nanocomposites. Therefore attention is paid to investigate this
interfacial area by DS because the polar groups of both the surfactant and compatibilizer are
located close to the layers. For some systems it is found that the molecular mobility in the
interfacial area is essentially higher than in the matrix. In addition a Maxwell/Wagner/Sillars
polarization is found due to the blocking of charges at the layers. The time constant of this
MWS-process can be correlated with characteristic length scales in the nanocomposites and
provides information about the dispersion of the nanofiller.
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Studies of some polyurethane/organically modified
montmorillonite nanocomposites
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Nanostructured polymers have received much attention in the field of material sciences
because of their unique properties and their applications in nanomaterials and nanodevices. In
this study, an organophillic montmorillonite' (O-MMT), Cloisite 20A, which is a type of
Cloisite Na" modified with a quaternary ammonium salt, was used as nanoclay. Polyether
based-polyurethane (PU) / O-MMT nanocomposites containing 1, 3, 5, 7 and 10 wt% of
Cloisite 20A were prepared via solution blending. Permittivity (¢’) and dielectric loss (¢’) for
the prepared composites have been investigated in the frequency range 100 Hz to 100 kHz at
30 to 100°C.Dielectic measurements show that PU nanocomposites have low €’’ and minor
€4, that is, possess small electrical conductivity. Electrical conductivity (c) measurements
show that o increases with increasing temperature from 30 to 100°C in PU and its
nanocomposites due to the increased mobilities of ionic bodies that occur as a result of
excitation by heating, and show a considerable increase in the o of PU with increasing filler
content up to 5 wt%, especially at higher temperatures. At still higher concentrations of filler,
o decreases to some extent due to the formation of some nanoparticle agglomerates resulting
from more intense interfacial interactions between nanoparticles, which may cause some
steric hindrance that partially contributes to decreasing the electrical charge mobility. Tensile
strength, elongation(%) and Young's modulus of PU/Cloisite 20A nanocomposites are
increased with increasing the content of organoclay from 0 to 5 wt% and then decrease with
further increase in Cloisite 20A content. XRD Pattern of Cloisite 20A shows a characteristic
diffraction peak at 20 = 4.05° which is completely disappeared for all PU/Cloisite 20A
nanocomposites indicating that most of the O-MMT platelets is successfully exfoliated and
well dispersed in the PU matrix®. XRD results have been confirmed by SEM analysis.

XRD patterns of Cloisite 20A and PU/ (1, 3,5, 7 and 10 wt%)
Cloisite 20A nanocomposites
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physical aging in PMMA/silica nanocomposites
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Polymer nanocomposites have recently attracted much interest, due to their
improved properties in comparison to the bulk. However, the time evolution of their
properties towards those of the equilibrium liquid below the glass transition temperature
(Tg), the so-called physical aging, still has to be clarified'. Indeed, this process results in
many deleterious effects ranging from embrittlement to reduction in permeability.

As far as dielectric properties are concerned, during the course of physical aging
the dielectric permittivity can show two opposing trends:* (i) it increases due to the
increased number of polarizable entities per unit volume; or (ii) in the case of
orientation polarization due to relaxed molecular dipoles, the permittivity decreases due
to a reduced amplitude of angular fluctuations, which usually establish the secondary
relaxation processes in the glassy state. This latter effect was shown in the past to be
dominant during physical aging of several amorphous polymersz’3’4’5 whereas the former
effect has been found during PS physical aging.®

In the present study, focalized on poly(methyl methacrylate) PMMA/silica
nanocomposites, the latter trend was found: during aging, the B relaxation, which
dominates the dielectric response overall below T7g, decreases in amplitude as a
consequence of the densification of the system. The physical aging in PMMA with and
without silica nanoparticles was so monitored by measuring isothermally the change in
the dielectric strength (4¢) of PMMA secondary relaxation process with time.

Despite similar dynamics, the studied nanocomposite samples were found to
display an accelerated physical aging in comparison to bulk PMMA. The physical aging
rate was also shown to be related to the surface/volume ratio of silica in the polymer.
This apparent correlation led to the hypothesis of a physical aging process driven by the
diffusion of free volume holes towards polymer interfaces, as already proposed in the
past,2 and evidenced here by the fitting of BDS results to this diffusion model.
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Thermal transitions of solvent and polymer dynamics

in binary poly(ethyl acrylate) /p-xylene mixtures
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The present work deals with the investigation of polymer dynamics and solvent phase
transitions in poly(ethyl acrylate, PEA)/p-xylene binary mixtures. PEA chains are either
linear chains or in the form of networks with varied cross linking densities. P-xylene is
a crystallisable non polar solvent and the maximum amount of p-xylene in the mixtures,
Cpxmax» has been found to depend on the viscosity of the PEA network (cpxmax Vvaried
from 0.86 to 0.35, the later corresponding to the network with the highest crosslinking
density). Differential Scanning Calorimetry (DSC), Thermally Stimulated
Depolarization Currents (TSDC) and Dielectric Relaxation Spectroscopy (DRS) were
the experimental methods of investigation. Our results allow the construction of the so-
called phase diagram for the binary mixtures'?. With respect to PEA dynamics we focus
on the segmental dynamics in both homogeneous mixtures (at low solvent contents) and
systems with partial p-xylene crystallization (at high solvent contents), in terms of chain
mobility, shape and strength of the relaxation process. Regarding the p-xylene
component we are able to study the crystallization process of phase separated p-xylene
(both during heating and cooling).

The effects of polymer chains on the phase transitions of the p-xylene and vice versa the
influence of p-xylene molecules (molecularly distributed or phase separated) on the
segmental mobility of the PEA network were systematically studied. Our results reveal
that below a critical solvent concentration, cpxcri, the decrease of the 7, of the mixture as
a function of the p-xylene content is well described by the Fox equation, indicating the
homogeneous character of the mixing of the two components (plasticization action of p-
xylene). In this ¢, region the results suggest that the dynamics of the segmental process
is not affected by the p-xylene molecules, plasticization action, thus, is expressed
mainly through the decrease of the average relaxation time and the increase of the
dielectric strength of o process. On the other hand, for ¢,y > Cpxerir, the PEA/p-xylene
mixtures exhibit a constant glass transition temperature corresponding to the gel phase
of PEA with the non-freezable p-xylene fraction®. This unfreezable p-xylene content has
been found to depend on the form of PEA chains (linear chains or networks with varied
cross linking density) implying that the existence of non-freezable solvent is mainly due
to a diffusion controlled phenomenon. Furthermore, p-xylene crystallites formed within
PEA/p-xylene mixtures, for c,x > cpxrir, have been found to affect dramatically the
segmental mobility of linear PEA chains.
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Dielectric properties of polyaniline
hybrid nanocomposites
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Dielectric response of Polyaniline (PANI)- Polyurethane (PU) — Carbon Coated Cobalt
(CCCo) hybrid nanocomposites were investigated at low frequency (20Hz-1MHz) and
at microwave frequency( 8-12 GHz). First, the effect of CCCo concentration in the
composites with the polyaniline in the insulating form (PANI EB) was studied. Then
polyaniline was doped with camphor sulfonic acid to show the drastic effect of the
doping process on the dielectric behavior of the composites.

The first type of composites was made with PANI EB blended with PU in solution and
by adding CCCo nanoparticles. After drying free standing films with appropriate
dimensions were used for dielectric measurements. The conductivity increases with the
rate of cobalt in the composites showing a percolation threshold at a mass fraction of
40% of CCCo in PANI-PU. In accord to the percolating behavior of the composites, the
real and the imaginary part of the permittivitty increase with the mass fraction of cobalt
in the materials.

The second type of composite was obtained with the same components but with the
conducting form of polyaniline (PANI ES). This conducting form was obtained by
oxidation of PANI EB with camphor sulfonic acid (CSA) as described in literature [1]
This process leads to a charge delocalisation by the creation of polarons and bipolarons
along the polymer chain. The resulting conductivity depends on the rate of oxidation
and of the rate of PANI ES in the composites. The materials are obtained as previously
in the form of free standing films. As the conductivity of the composite increases with
the doping of polyaniline, the dielectric constant is multiplied approximately by a factor
of one hundred [Fig 1] and it is shown that the composites have magnetic properties. By
a good choice of the doping, it has been shown that PANI can have intrinsic magnetic
properties [2].
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Fig 1 : Real part of permittivity of PANI EB-PU CCo (on the left) and of PANI ES-PU-CCo (on the right)
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Dielectric and Chemorheological Behavior of Carbon

Nanotube Epoxy Nanocomposites
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The dielectric behavior of epoxy polymers has been extensively analyzed in the last two
decades of the XXth century and was the basis for several approaches to the
development of monitoring strategies of the processing of advanced epoxy matrix
composites. Although there is very complex contribution of different physical and
chemical factors to the dielectric behavior of epoxy systems, the correlation of the
permittivity with the changes in the viscosity of the matrix has been the main
fundament of such strategies. The gradual development of the epoxy polymer network
through polymerization and crosslinking reactions among the epoxy and hardener
molecules provides the changes in the molecular dynamics responsible of the gradual
increase in the viscosity correlated by the changes in the molecular polarizability.
However, it has been also found that conductivity plays an important role in the
dielectric behavior of these thermosetting systems.

It is evident that this complex behavior would be strongly affected by the presence of
highly conductive nanofillers and this is the main objective of this research. So, the
frequency dependent dielectric permittivity of a commercial epoxy mixture (Dow
Chemicals DER 330) reacting isothermally with an aromatic amine hardener (MDEA)
has been measured in the range 10 - 10° Hz. Dielectric spectra were taken at regular
intervals during reaction, in the pure reactive system and in composites obtained by
adding commercial carboxy-funcionalized double-walled carbon nanotubes (C-
DWCNTs, Nanocyl 2100). The C-DWCNTs were stirred in the MDEA at the melting
temperature of the amine (i. e. 100°C for 45 min.). The C-DWCNTs grafted with
MDEA, MDEA/C-DWCNTs, were added to obtain a percentage of 0.1wt% and 1wt%
respect to the DGEBA monomer maintaining a stoichiometric molar ratio (1:2.33) with
MDEA. Calorimetric and rheological tests reveal how the presence of MDEA modified
C-DWNTs speed up the maximum degree of cure and the gel time of the epoxy system.
The dielectric response in the pure system appears to be dominated by ionic
conductivity and by structural relaxation with characteristic time strongly increasing
with curing time. In the nanotube loaded samples the presence of the filler originates a
new and strong relaxation, which overcomes and hides the structural contribution. The
characteristic parameters of the dielectric relaxation in the loaded samples are
compatible with hopping dominated conduction mechanisms. An increase of DC
conductivity in the final part of the reaction is also observed, which can be ascribed to
dielectrophoretic migration of carbon nanotubes.
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Bionanocomposites based on poly(e-caprolactone),

poly(lactide) and their blend
E. Laredo
Departamento de Fisica, Universidad Simén Bolivar, Caracas, Venezuela

Email address: elaredo@usb.ve

Bionanocomposites based on poly(e-caprolactone), an aliphatic biodegradable semi-
crystalline polyester, polylactide, an amorphous biopolymer, and their blend (PCL/PLA
70/30), filled with MWCNT were studied by AC conductivity (10"3S f<3x10° Hz) at
both isothermal conditions and variable nanofiller % weight concentrations, p. Figure 1
is a compendium of the measured real part of the conductivity for the pure materials, the
nanocomposites with MWCNT concentrations at the percolation threshold and for p >
Pe. The higher percolation threshold in the case of the immiscible blend as compared to
PCL confirms selective localization of the CNT in the PCL matrix and at the interfaces
of the PLA inclusions' showing the depletion of CNT contributing to the formation of
the conductive path. PLA which is 100 % amorphous is the least conductive before
percolation but reaches comparable conductivities for p > p.. Its high percolation
threshold cannot be attributed to bundle formation as the dispersion of the
functionalized MWCNT was observed by Transmission Electron Microscopy. The
critical exponents of the scaling law for PCL and PCL/PLA were determined and point
to a 3D cluster with 7 slightly larger than 2. Also the tunneling junction conduction
through narrow potential energy barriers was found to be temperature independent in
the case of PCL and PCL/PLA based composites. The universality of ac conduction in
polymer/CNT composites was verified and the validity of time-temperature-
concentration superposition was found for PCL and the blend, while for PLA only the
normalized conductivity vs. frequency could be scaled into a single master curve with p
variation. The molecular dynamics of PCL in the PCL/PLA/MWCNT nanocomposites
is unchanged as compared to the neat homopolyrner.2
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Fig.1. AC Conductivity of bionanocomposites: PCL/p, PCL/PLA/p (70/30/p), PLA/p;
p indicates the weight % concentration of the MWCNT.

References

[1]1 D. Wu, Y. Zhang, M. Zhang and W. Yu, Biomacromolecules 10, 417 (2009).

[2] E. Laredo, M. Grimau, A. Bello, D. Wu, Y. Zhang and D. Lin (submitted to
Biomacromolecules).

NCS 7




122

Molecular mobility at the interfaces of nanostructured

systems
E. Nikajl, L Royaudl*, G. Seytrel, L. Davidl, E. Espuchel, A. Jonquiéresz, M.
Billy%, S. Etienne®

'Université de Lyon, Université Lyon 1, UMR CNRS 5223 IMP, Laboratoire des
Matériaux Polymeéres et des Biomatériaux, Bat. ISTIL, 15, bd. Latarjet F-69622
Villeurbanne Cedex France
’Laboratoire de Chimie Physique Macromoléculaire, UMR CNRS 7568, Nancy
Université, Ecole Nationale Supérieure des Industries Chimiques, 1 rue Grandville,
BP20451, 54001 Nancy Cedex, France
3Institut Jean Lamour, UMR CNRS 7198, Ecole Nationale Supérieure des Mines,
Nancy Université, Parc de Saurupt, 54042 Nancy, France/ EEIGM, 6 rue Bastien
Lepage, 54010 Nancy, France
*Email address: isabelle.royaud@univ-lyonl.fr

The aim of this work was to study, by means of Broad band Dielectric Spectroscopy,
the molecular dynamics in several polymer materials by modifying (i) the confinement
geometry and (ii) the interactions between the confining environment (‘confiner’) and
the polymer chains. Thus, the confinement effects were studied in a wide range of
molecular motions in the following systems:

- Cellulose acetate grafted poly(methyl (diethylene glycol) methacrylate). In this case,
the influence of the length and the number of the mobile grafted moieties on the
molecular dynamics was studied. These two parameters impact the interactions between
the rigid backbone chains and thus the overall molecular mobility of the copolymers.

- Semi-crystalline Poly(ethylene naphtalene - 2,6 - dicarboxylate) (PEN). The
confinement effects induced by the presence of the crystalline lamellae on the mobility
of the chains belonging to the amorphous intercrystalline region, was studied as a
function of the morphology. In this system, the confining geometry and the interactions
between the amorphous and crystalline phases were varied as the samples were
crystallized at different annealing temperatures and during different crystallization
times, inducing different semi-crystalline morphologies as evidenced by synchrotron
SAXS.

- Polyamide 6 (PA6) and Montmorillonite (MMT) nanocomposites. The confinement
effects induced by the MMT platelets on the PA6 matrix were studied as a function of
the filler content and of the type of dispersion. In this case, only the confining geometry
was changed as the MMT platelets were exfoliated or intercalated.

The prediction of confinement effects requires a decoupling of the size (geometry) and
interactions effects in these different systems. As expected, cooperative motions are
mostly affected by confinement effects. This occurs either in a highly constraining
geometry or in the case of strong interactions between the confiner and the confined
macromolecules.
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Nanofluidics by Broadband Dielectric Spectroscopy

A. Serghei, and T. P. Russell
Polymer Science and Engineering, University of Massachusetts Amherst,

Amherst MA 01003, USA

Ordered arrays of parallel cylindrical nanopores (with a narrow pore size distribution and
diameters down to ~ 10 nm) are used as experimental platforms in the field of polymer nano-
fluidics (Fig. 1), in particular, to investigate the capillary flow of polymers in 2D geometrical nano-
confinement. Several aspects of the polymer dynamics — manifested on time scales covering more
than 10 orders of magnitude — are investigated during the flow process: (i) molecular fluctuations
corresponding to the segmental dynamics (dynamic glass transition); (ii) chain dynamics, as

revealed in fluctuations of the end-to-end distance; (iii) velocity of the capillary flow in dependence

on the diameter of the nanopores. The results are compared to the polymer dynamics in the bulk.

Fig. 1: (ab,c) SEM images of
ordered nano-porous media (top
view in (a), cross-section view in (b)
and edge-view in (c); (d)
measurement cell for experiments in
the field of nanofluidics. Thin
electrodes of gold are deposited onto
both sides of the porous membrane
and connected to the BDS
spectrometer.

nanometric cylindrical channels

A. Serghei, D. Chen, D.H. Lee, T.P. Russell, Soft Matter 6, 1111 (2010).
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Confined dynamics in semicrystalline polymers: A

Dielectric Spectroscopy and Neutron Spin Echo Study
A. Sanzl’*, A. Nogalesl, M. Soccioz, N. LottiZ and T. A. Ezquerra1
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One simple way to confine disordered polymer chains at the nanometer scale is to
induce crystallization. Due to entropic reasons, crystallization takes place only partially
resulting in a heterogeneous morphology where the amorphous domains are confined by
the crystalline lamellae'. In general, the amorphous chains become dynamically
restricted by the crystals giving rise to a slowing down of the segmental modes
associated to the o relaxation, as well as a broader distribution of the relaxation times.
The o relaxation, only active above the glass transition temperature T, can be explored
using broadband dielectric spectroscopy BDS. The complexity of the segmental
relaxation in the amorphous regions confined between crystals give rise to features
different from those found in pure amorphous systems’. Dielectric experiments show
that the polarization autocorrelation function associated to the segmental relaxation
evolves, upon crystallization, from a characteristic stretched exponent towards a more
complex one’. Neutron Spin Echo (NSE) experiments allows one to measure the pair
correlation function which in some aspects can be related to the polarization
autocorrelation function®. Most of NSE studies related to polymer dynamics have been
performed in amorphous systems. Therefore, no information about segmental dynamics
in semicrystalline polymers as revealed by NSE has been made available in the past. By
means of NSE, the pair correlation function of semicrystalline deuterated poly(ethylene
terephthalate) d-PET has been obtained in a temperature range between 420 and 520 K
at two values of the wave vector Q corresponding to characteristic interchain
correlations, 0.94 and 1.38 A, BDS measurements on semicrystalline d-PET were also
performed in a lower temperature range in order to explore the local and segmental
dynamics. The dielectric o relaxation has been analyzed in the time-domain after
inverse Laplace transformation of the
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Confinement effects in the molecular dynamics of

ibuprofen studied by DRS

A.R. Bras', I. M. Fonseca', F. Affouardz, A.Schonhals®,
M. Dionisio', N. T. Correial”

'Requimte, Departamento de Quimica, Faculdade de Ciéncias e Tecnologia,
Universidade Nova de Lisboa, 2829-516 Caparica, Portugal
2LaboUMET - UFR de Physique - BAT P5, UMR CNRS 8207, Universite Lille 1,
59655 Villeneuve d'Ascq France
’BAM- Federal Institute of Materials Research and Testing, Unter den Eichen 87, D-
12205, Berlin, Germany
*Email address: n.correia@dg.fct.unl.pt

In this work, dielectric relaxation spectroscopy
was applied to study the molecular mobility of
racemic Ibuprofen confined to MCM-41 molecular
sieves (100% Si chemical composition) with a
hexagonal structure of cylindrical pores of 3.6 nm
diameter.

A complex relaxation map including two
secondary relaxations in the glassy state, y and 3, a
main o process associated with the dynamic glass
transition of the bulk-like molecules and a surface
process is given for the first time. The -relaxation speeds up, and its activation energy
is lower than for the bulk, being also identified as the genuine Johari-Goldstein process.
The temperature dependence of the relaxation time of the o process does not obey a
VFTH law, oppositely to the bulk. Instead an apparent Arrhenius behavior is found, and
thus an acceleration of the molecular dynamics of the bulk-like molecules is observed,
which is interpreted as a confinement effect. Moreover, it is concluded that the
molecular dynamics is determined by a counterbalance of the confinement and an
adsorption effect. The latter is observed by the surface process which has an essentially
lower molecular dynamics than the one found for the bulk relaxation processes. The
temperature dependence of the surface process relaxation times follows a VFTH-
equation, being attributed to the glass transition of the Ibuprofen molecules linked via
weak hydrogen bonding to the inner pore surface.

Financial support was provided by Funda¢do Ciéncia Tecnologia (FCT) through the
projects PTDC/CTM/64288/2006 and PTDC/CTM/098979/2008. A.R. Bras
acknowledges FCT for SFRH/BD/23829/2005 grant.
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Dielectric response and crystal structure of

nanocomposites KNO; - porous glasses
A. Naberezhnovl*, E. Koroleva', A. Sysoeval, S. Vakhrushevl, E. Rysiakiewicz-
Pasekz, M. Tovar®

! A.F.Joffe Physico-Technical Institute, 26 Polytechnicheskaya, S.-Petersburg 194021,
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? Helmholtz Zentrum Berlin, Glinicker Strafe 100, D-14 109 Berlin, Germany

*Email address: alex.nabereznov(@mail.ioffe.ru

It is known that properties of materials in a restricted geometry differ
significantly from the properties of the bulk, especially if the characteristic size is
comparable with correlation length of the order parameter critical fluctuations This
contribution is devoted to the study of temperature evolution of structure and dielectric
response of KNOs3 embedded into porous glasses with average pore diameters 320, 46
and 7 nm. The samples were prepared by immersing of the preliminary annealed
matrices in the melted KNO;. The principle aim of this work was the study the effect of
restricted geometry on stability of ferroelectric phase observed in potassium nitrate on
cooling. Dielectric properties have been studied in the temperature interval RT - 573 K
(on heating and cooling) at frequencies 0.1 - 10’ Hz. The temperature dependences of
dielectric permittivity at 90 KHz are presented in Fig.1 = Temperature evolution of
structure was studied by neutron diffraction and small-angular neutron scattering
(SANS). The characteristic sizes of KNO3 particles and corresponding temperature of
a-f, B-y and y-a phase transitions were determined. It is shown that the decreasing of
particle sizes leads to broadening of temperature interval where the ferroelectric y-phase
is stable. For all samples we have observed a sharp growth of dielectric permittivity in
B-phase and frequency dispersion in our temperature interval. Dielectric permittivity
for KNO3 within 7 nm glasses the temperature of low-temperature PT depends on
frequency.

KNO, in porous glass
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Fig.1. Temperature dependences of & for KNO3 within 320 and 46 nm glasses at 90 KHz
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Dielectric relaxation in nano-structured diblock-
copolymers: obtaining specific structural information

A. Alegria
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Broad-band dielectric spectroscopy (BDS) is one of the most powerful methods to study
the molecular dynamics under different sample environments, covering a huge
frequency range (10’571012HZ). On the other hand, it is well established that the
molecular dynamics of glass-forming systems in the range of the glass transition
temperature is very sensitive to changes of control variables as temperature, pressure,
concentration, etc. This is responsible of the strong changes in the dielectric relaxation
behaviour in mixtures and crystallizing polymers as some two representative examples.
For instance, this sensitivity has allowed accessing the spatial scale characteristic of the
polymer glass transition from the study of the component segmental dynamics of
polymer-based mixtures.'

In this talk, the results obtained during the last few years from BDS experiments on
several nano-structured diblock-copolymers will be presented. On one hand, the results
on the micellar structure of polyisoprene (PI) -polydimethylsiloxane (PDMS) diblock
copolymers with varying core size will be considered. From the dielectric relaxation
originated by the (minority) PI segmental dynamics the concentration profile at the
micelle interface was extracted.” The resulting values agree well with those expected by
the fluctuations of the interface induced by the presence of the high mobility PDMS
chains in the surrounding. On the other hand, the PDMS nano-phase of strongly
segregated diblock compolymers with polystyrene (PS) has been characterized. In this
case, stiff PS limits the PDMS regions of high mobility, which produce an anchorage
effect clearly detectable in the dielectric response‘3 Moreover, there are clear indications
of a mobility gradient from the PS walls towards the PDMS core. Furthermore, on
cooling the PDMS regions embedded in the PS matrix cannot reach the PDMS melt
density, which give rise to a dramatic speed-up of the molecular motions in the PDMS
nano-phase.*
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Relaxation properties of polymer nanocomposites: a dielectric

spectroscopy insight at the nanometric scale
D. Prevosto””, M. Labardi ", Kim H. Nguyen @'s. Capaccioli 2 M. Lucchesi®?,
P. Rolla"?
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The development of new organic materials by nanometer-scale mixing of two or more components,
such as a polymer with carbon nanotubes or silica clays, is one of the most investigated routes in
materials science for functional as well as structural applications. In such nanocomposites, the final
macroscopic properties depend on the local properties of the polymer at the interface with the other
component. In parallel, the investigation of the fundamentals of relaxation properties of inorganic
disordered materials is increasingly focusing to phenomena occurring at the nanometric scale, to
address open problems as the identification and characterization of dynamic heterogeneity regions
in single-component glass formers, in asymmetric polymer blends, as well as dynamic properties at
interfaces. All of these applicative and fundamental problems demand the possibility to investigate
dielectric properties of nanometric regions of the material.

Some experimental techniques have intrinsic possibility to investigate physical properties, such as
the dynamic properties, of nanometric regions of the sample. However, most of them reveal such
properties as averaged over a large number of such regions, in other words they are not able to
select single nanometric portions of the sample to evidence their different dynamics.

In the last years, dielectric relaxation properties of polymer films with a spatial resolution of few
tens on nanometers was investigated by a new technique named local dielectric spectroscopy (DS)
[1], that could also be applied to study static dielectric properties of polymers films [2,3]. Its great
advantage is the capability of selecting and measuring the relaxation properties of single nanometric
size portions of the sample. We applied such techniques to investigate dielectric relaxation in
nanocomposite ultra thin films of poly(vinyl acetate)/montmorillonite clay [4]. Dielectric relaxation
imaging on the nanometric scale was also performed at constant temperature demonstrating
nanometer scale resolution of local DS on heterogeneous materials. Dielectric spectra measured
across the boundary between pure poly(vinyl acetate) and montmorillonite show broadening of the
structural peak and a slowing down of structural dynamics due to the presence of the clay.
Moreover, spatially resolved dielectric measurements evidenced spatial heterogeneity of the
polymer dynamics at the interface, ascribed to differences in the polymer-montmorillonite
interactions. Such results directly verify, by local scale measurements, the changes of polymer
mobility due to well dispersed and interacting montmorillonite layers, previously argued by
macroscopic measurements on similar nanocomposite materials.
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Broadband dielectric spectroscopy of
relaxor ferroelectrics with and without

ferroelectric transition
V. Bovtun*, S. Kamba, D. Nuzhnyy and J. Petzelt
Institute of Physics ASCR, Na Slovance 2, 18221 Prague, Czech Republic
*Email address: bovtun@fzu.cz

Phonon and relaxation dynamics in the classic relaxor ferroelectric (RFE)
PbMg;3Nby;30;3 (PMN)I’Z’3 and RFE with a ferroelectric phase transition
PbMg;3Nb,;305-PbTiO5 (PMN-35%PT)4’5 is discussed and compared on the basis of
broadband dielectric spectroscopy studies (10* = 10™ Hz). Polar phonon response of
PMN (crystals and thin films) and PMN-35%PT (ceramics) is quite similar: 1) three
main transverse optical modes typical for the simple cubic perovskite structure were
revealed; 2) the lowest polar mode (TO1) splits in two components (A; and E) below
the Burns temperature Tg, even above Tc¢ in PMN-35%PT, due to the local anisotropy
of polar nanoclusters; 3) A;(TO1) component partially softens toward Tg, on heating
showing no anomaly at T¢c in PMN-35%PT or near the permittivity maximum Ty, in
PMN; 4) THz E(TO1) component is overdamped and partially softens toward Tc =
440 K in PMN-35%PT or T* ~ 400 K in PMN; 5) relaxation central mode splits from
the phonon response below Tp and shifts to the microwave range on further cooling.
Phonon dielectric contribution does not account for the permittivity maximum and
dielectric response is dominated by the complex relaxation below phonon frequencies in
both materials, even above Tc in PMN-35%PT, due to the relaxor dynamics of polar
nanoclusters. Two relaxation modes were revealed and attributed to the polar
nanocluster breathing (R1) and flipping (R2). In PMN, R2 slows on cooling down
according to the Vogel-Fulcher law and freezes out at Tyg ~ 200 K, while R1 follows
the Arrhenius law, extremely broadens and is responsible for the frequency independent
dielectric losses at low temperatures. The ferroelectric phase transition in PMN-35%PT
transforms polar nanoclusters into ferroelectric domains and therefore influences their
relaxation dynamics, mainly the flipping mode R2. As a result unlike in PMN, the R2
relaxation slows down to 1 MHz only. Moreover, the Vogel-Fulcher and Arrhenius
freezing of R2 and R1, respectively, is combined with a critical slowing down near Tc.
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Fig.1. THz E(TO1) and relaxation flipping R2 modes.
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Non - perovskite disordered ferroelectrics: relaxor vs

mixed ferroelectric - dipole glass behavior
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We demonstrate that experimental data' on non-perovskite disordered ferroelectrics
(NPDF) like tungsten bronze compound (TBC) Ba,Pr,Nd; FeNbsOis can be well
explained in our model predicting a crossover from ferroelectric (x=0) to orientational
(dipole) glass (x=1), rather then relaxor, behavior. The main reason for “classic”
relaxors (like Pb(Mn;3Nb,3)O3 ) not to become ferroelectrics is the nonstoichometry of
the position of the central ion (in our case Mn-Nb) in their perovskite elementary cell.
This nonstoichiometry actually "spoils" the phonon spectrum inherent in perovskite
structure, destroying the ferroelectrically important soft mode®. Latter fact manifests
itself in many observable quantities of relaxors, to name a few, the smearing of
ferroelectric phase transition and the appearance of additional low-temperature peaks in
dielectric spectra obeying Vogel - Fulcher law®. There are, however, differences
between relaxors and disordered ferroelectrics like KTaOs:Li (KTL). The major
difference is that since above relaxors do not exhibit macroscopic ferroelectricity, they
never have the ferroelectric hysteresis, while the substances like KTL exhibit it in their
ferroelectric and mixed ferroglass phases. As TBC exhibits ferroelectric hysteresis',
which disappears with growth of x, it rather shows a crossower between ferroelectric
and dipole glass behavior similar to that in KTL family. To describe this crossover
theoretically, we utilize a simple approach, based on replica-symmetric solution for
disordered Ising model. We show that our simple approach is able to describe both the
phase diagram and hysteresis loops in NPDF. We also predict that the absence of Curie-
Weiss law in paraelectric phase of NPDF is related to the occurrence of Griffiths (para-
glass) phase® in these substances.
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Magnetoelectric Relaxor 0.8Pb(Fe;;Nb,,)O3-
0.2Pb(Mg;,W1,2)O3 and Burns temperature in

ferroelectric relaxors
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Slovenia
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The site and charge disordered solid solution 0.8Pb(Fe;2Nb;2)03-0.2Pb(Mg;i2W1/2)O3
(0.8PFN-0.2PMW) is a magnetoelectric relaxor which shows broad and frequency
dependent maxima both in the electric as well as in the magnetic susceptibilities. The
Vogel-Fulcher type electric relaxor freeze-out is accompanied by a significant magnetic
anomaly demonstrating magnetoelectric coupling.

0.3Pb(Fe oNby2)03-0.7Pb(Mg;2W12)O;  (0.3PFN-0.7PMW) solid solution is a
magnetic and electric relaxor. In spite of its multiferroic properties the magnetoelectric
coupling in this system is negligibly small.

It has been considered that polar nanoregions (PNR) in relaxors form at Burns
temperature Tq = 600 K. High-temperature dielectric investigations of Pb(Mg;3Nb,/3)O;3
(PMN) and 0.7PMN-0.3PbTiO5 reveal, however, that the dielectric dispersion around
600 K appears due to the surface-layer contributions. The intrinsic response, analyzed in
terms of the universal scaling, imply much higher T4 or formation of PNRs in a broad
temperature range, while high dielectric constants manifest that polar order exists
already at the highest measured temperatures of 800 K. The obtained critical exponents
indicate critical behavior associated with universality classes typically found in spin
glasses.
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Dielectric properties of dry rocks
Nikita Seleznev
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The dielectric logging was originally developed for the purpose of distinguishing between fresh water
and oil, which was difficult to do with resistivity logs alone. The methodology is based on the contrast in
dielectric properties of water, rock matrix and hydrocarbons. The dielectric constant of water at
ambient conditions is at least an order of magnitude higher than the dielectric constant of oil or the rock
matrix, and, therefore, the measurements of the effective formation permittivity are sensitive to the
formation water content. In combination with total formation porosity it is possible to directly
determining the water saturation, thus avoiding difficulties associated with the determination of
cementation and saturation exponents as is needed with the Archie equation and resistivity
measurements. However, accurate interpretation of the dielectric measurements requires input of the
rock matrix dielectric constant. It is, therefore, desirable to build a catalogue of the matrix dielectric
constant for a wide variety of sedimentary formations encountered in oilfield logging. Furthermore,
ability to determine the matrix dielectric constant from downhole measurements can simplify and
improve dielectric log interpretation.

In the present paper we introduce methodology for accurate laboratory measurements of the complex
permittivity of dry rocks and powders. We applied proposed technique to a collection of samples with
variable lithology. On the same rock collection we obtained chemistry data and modeled nuclear
logging responses. The correlations between dry rock matrix dielectric constant and logging parameters
are examined.

This study will serve petroleum industry by introducing the methodology for accurate laboratory
measurements of the matrix permittivity of porous rocks, expanding the database of the permittivity
values for oilfield formations and presenting correlations between the rock matrix dielectric constant
and other logging responses.
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One-dimensional nanostructures such as nanotubes, nanowires and nanobelts
have been actively studied recently in order to understand their novel physical
properties and develop nanoscale electronic devices. Titanate nanotubes' and
nanowires~ are important representatives of one-dimensional oxide nanostructures.
Although the physical properties of the native and modified® forms of these materials
have been studied intensively by many authors, there are still open questions concerning
their structure, conduction mechanism and the role of water molecules in these
phenomena. Since these nanostructures are strongly heterogeneous ion conductors the
use of dielectric spectroscopy seems to be the natural choice in pursuit of the answers.

Here we report on our dielectric spectroscopic studies on hydrothermally
synthesized titanate nanotubes/nanowires. Recent impedance measurements performed
at various frequencies, relative humidities and temperatures showed the dependence of
the electrical conductivity on these parameters®. In order to separate the effect caused by
each variable, we controlled/changed the water content (equilibration in 6-97 RH%
atmosphere) and temperature (275-307 K) of the titanate samples independently and
recorded the dielectric spectra in the 10°-10° Hz frequency regime.

Since the spectra exhibited a strong Maxwell-Wagner-Sillars (MWS) peak and a
conductivity tail as well as other features, very complex dielectric spectra had to be
analyzed. In order to extract the most information from the measured spectra we used
the permittivity and the electric modulus representations. Changing the heterogeneity of
the sample with ball milling and the type of the charge carriers via ion exchange
allowed us to fine-tune the MWS process and the conduction independently to get a
better insight into mechanisms responsible for these relaxations. The parameters
describing these processes were determined by non-linear fitting of model functions.
Further conclusions could be drawn by analyzing the dependence of the parameters on
the temperature, humidity, type of charge carriers and heterogeneity.
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Protracted crossover to full entanglement dynamics re-
vealed by dielectric spectroscopy and field cycling '"H NMR
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We re-investigate dielectric spectra (DS) of polyisoprenes covering a wide range of molecular
weights (M in g/mol) [1]. Normal mode (7,) and segmental relaxation (7, ) are considered.
The normal mode spectra are singled out by subtracting the spectra of the segmental relaxa-
tion. Regarding the Rouse regime we are able to construct a master curve which is reproduced
by the Rouse theory with a weak stretching of the correlation function. In the entanglement
regime (M > M.) the normal mode spectrum changes its high-frequency flank until it saturates
around M, = 100000. The power-law behavior of the ratio 7, /7, changes from M for 2M,
= 10000 < M < M, to M 30 for M > M,ep, the latter in agreement with the tube-reptation
model (cf. Fig. 1). We take this as evidence for another characteristic molecular weight,
namely, M., =20 M., beyond which the exponent of pure tube-reptation is reached.
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Fig. 1: Ratio 7, /7, of normal mode and segmental correlation time for polyisoprene (PI) as a function
of molecular weight M. Three dynamic regimes are revealed with different exponent d [1].

The protracted crossover to full entanglement dynamics is also confirmed by field cycling
(FC) "H NMR which is applied to study the crossover from glassy through Rouse to reptation
dynamics [2,3]. Dispersion data of the spin-lattice relaxation time 7;(w) are transformed to
the susceptibility representation y’’(w) = w/T;(w), and using frequency-temperature super-
position master curves y’'(wz,) are constructed. We are thus able to monitor the emergence of
polymer specific relaxations and a direct comparison with DS is possible. Transforming the
master curves into the time domain yields the segmental correlation function which we follow
over six decades in amplitude. A comparison with predictions by the tube-reptation model as
well as renormalized Rouse theory reveals discrepancies whereas good agreement is found
with MC simulations. In agreement with the DS results the crossover to full entanglement
dynamics is observable only at M >> M.. Compiling time constants from DS and NMR a
broad range (107! = 10? s) is covered and master curves are found as a function of 7— T, o [4].
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Effect of pressure on the dynamic heterogeneity of

miscible polymer blends
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Miscible polymer blends despite being thermodynamically mixed, can exhibit distinct
dynamic behavior, known as dynamic heterogeneity.' Different models have been
proposed to account for the distinct component dynamics that emphasize either
intermolecular concentration effects through the concentration fluctuation approach, or
intramolecular effects through the chain connectivity or various combinations of both.
Herein we review recent work on the effects of pressure on the dynamic heterogeneity
on two miscible polymer blends with large dynamic asymmetry. The first system is the
poly(methyl methacrylate) (PMMA)/poly(ethylene oxide) (PEO) blend.> The system
facilitates a test of the predictions of the self-concentration model proposed by Lodge
and McLeish', at elevated pressures. We find that pressure increases the glass
temperature and slows-down the segmental dynamics but does not affect the length-
scale or the self-concentration associated with the dynamic glass transition. The second
system is the polystyrene (PS)/poly(methyl phenyl siloxane) (PMPS) blend.® In these
blends there is interplay between spinodal decomposition and glass transition resulting
in the enrichment of the high 7, component by the more mobile component. Model
calculations using a lattice-based equation of state lead to prediction of the phase
diagram, as well as the effect of pressure on the critical temperature. The weak pressure
sensitivity of the critical temperature (d7./dP), compared to the two segmental
relaxations, suggests that a transition to a thermodynamically miscible but dynamically
heterogeneous state takes place for pressures above 300 MPa.
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Effect of Blending on the Chain Dynamics of the

"Low-T," component in non-entangled polymer blends
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'Centro de Fisica de Materiales CSIC-UPV/EHU.
szto, de Fisica de Materiales UPV/EHU, Materials Physic Center (MPC)
*Donostia International Physics Center DIPC.
Apartado 1072, 20080, Donostia-San Sebastian, Spain.
*Email address: waaarirs@ehu.es

The effect of blending on the dynamics of polymers is a relevant topic from both a
technological and a theoretical point of view. The separated segmental dynamics of
each component in the blend and its phenomenology have been extensively studied in
the last decade. In comparison, there are fewer works dealing with the effect of blending
on the individual chain dynamics of different components in a blend. Here, we have
characterized the effect of blending on the dynamics of Polyisoprene (PI) - the "fast"
component- in Poly-tert-butylstyrene (PtBS) blends with very large dynamic
asymmetry, and at molecular weights well below the entanglement limit, focusing on
the normal mode (NM) process. The overall dielectric response of PI becomes slower as
the high-T, component PtBS increases. More interestingly, there is a gradual
broadening of both low and high frequency tails of the NM-relaxation. The magnitude
of the broadening depends on: i) the concentration; ii) the temperature; iii) the dynamic
disparity, i.e. the difference between the component's pure T, The onset of the
mentioned broadening correlates well with the moment when both the NM of the low-
T component PI and the a-relaxation of the high-T, component PtBS have similar
characteristic times. The fact that the molecular weight of the components is well below
the entanglement limit together with the correlation mentioned above, exclude more
habitual interpretations based on topological size effects and point to other factors like
dynamic heterogeneity in blends and its effects on the monomeric friction coefficient.
Finally, contrary to the behaviour observed in the pure homopolymer, the comparison of
the characteristic times for the - and NM-relaxations shows that segmental dynamics
of PI component exhibits a weaker T-dependence than its terminal dynamics. This
effect is more pronounced the higher the PtBS content, and as a result, the separation
between the maxima of both relaxations ranges from 3 decades in pure PI and PI>50%
blends, to 5-6 decades for 20%PI blends.

* const.
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Figure 1: Relative dielectric permittivity of pure PI and PI in its blends with PtBS. For each
concentration temperature was chosen so that the NM-relaxation time was 7Hz. All curves are

plotted in the same logaritmic scale (2 decades) but have been shifted in the y axis for clarity
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Effects of strain induced crystallization on the

dielectric behavior of natural rubber
M. Hernsndez'", R. Verdejol, M.A. L()pez-Manchadol, T.A. Ezquerra2
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Natural rubber is a well studied elastomer. It is one of the most important materials,
which has been widely used in industry as well as in our daily life, e.g., pneumatic tires,
tubes, films like surgical gloves, rubber bands, etc. As is typical of an elastomer, its
mechanical and physical properties are dependent upon the degree and nature of
crosslinking and may be significantly influenced by the surrounding physical
environment'. Of particular interest is the ability of natural rubber to crystallize,
specifically the strain-induced crystallization that takes place whilst the material is
stretched. The good performance of natural rubber products has been thought to
originate from this ability to crystallize immediately by extension compared to the
synthetic counterpart (cis-1,4-polyisoprene rubber; IR). This phenomenon is of great
importance because of its effect on the final mechanical properties; the enhancement of
tensile modulus along with the superior stress at break and tear strength under fast
deformation should be related to the formation of strain-induced crystals®. However,
despite the knowledge developed thus far, there have been relatively few investigations
on how the mechanical strain affects the chain dynamics of natural rubber’. These
studies are important since an elongated polymer at equilibrium may be considered as a
new anisotropic material whose distribution of dielectric relaxation times could be
affected by the orientation of the chains®.

In this communication, we report preliminary results on the influence of uniaxial
extension on the dynamics of crosslinked natural rubber by means of broadband
dielectric spectroscopy. Previous studies have shown that natural rubber presents two
relaxation modes’. For temperatures above the glass transition temperature (7, = -64
°C), the segmental mode related to the segmental motion of the polymer chain is
observed. At higher temperatures, a more intense process which can be assigned to the
normal mode is clearly detected. However, when natural rubber is crosslinked, the
normal mode becomes broader and decreases in amplitude upon vulcanization due to
suppression of large-scale motions of the dipole oriented parallel to the polymer
backbone. Thus, in this research, the effect of the orientation on the segmental mode
was studied, as a function of the draw ratio. The relaxation times were also investigated.
X-ray diffraction experiments were performed in order to study the morphological
effects of orientation and to corroborate the strain induced crystallization.

References

[1] T. Suzuki, N. Osaka, H. Endo, M. Shibayama. Macromolecules 43, 1556 (2010).

[2] M. Tosaka. Macromolecules 42, 6166 (2009).

[3] S. Toki, L. Sics, S. Ran, L. Liu, B. S. Hsiao. Macromolecules 35, 6578 (2002).

[4] R. Diaz-Calleja, E. Riande, J. Guzman. J. Polym. Sci., Part B: Polym. Phys. 28,
1551 (1990).

[5] M. Hernandez, J. Carretero-Gonzalez, R. Verdejo, T.A. Ezquerra, M.A. Lopez-
Manchado. Macromolecules 43, 643 (2010).




| 44

Storage effects in an adhesive system studied by

dielectric relaxations
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The stratospheric balloons are the only vehicles which can stay aloft in the stratosphere.
Pressurized spherical balloons have been specially developed for onboard scientific
experiments. Their specifications require good mechanical strength of an adhesive
system in a broad temperature range from -90°C to +170°C. To improve this adhesive
system, the correlations between the transitions and the dielectric relaxation processes
of an oriented Poly(Ethylene Terephthalate) film (PET) pre-impregnated with a
polyester thermoplastic adhesive have been investigated by differential scanning
calorimetry (DSC) and dielectric spectroscopies. The polyester adhesive has been
studied as reference sample. Two chemical sequences of different molecular mobility
are present in the polyester adhesive: -(CHz)4- and -CH,-CH(CHs)-.

This study evidences the adhesive chain segments is responsible of the physical
structure evolution of PET film. Transitions and dielectric relaxation modes in the glass
transition region appear characteristic of the interphase' between adhesive and PET,
discussed in term of molecular mobility. Similar relaxations are observed by broadband
dielectric spectroscopy (BDS) and thermostimulated currents (TSC). These relaxation
modes are associated with the glass transitions of adhesive and PET. The activation
energy distribution determined by the TSC technique of fractional polarization can be
associated with the adhesive chemical sequences manifestations and can be correlated
with the adhesive properties.

The storage at room temperature of the adhesive tape involves the heterogeneity of the
physical structure, characterized by glass transition dissociation. Thus, the correlation
between the transitions and the dielectric relaxation processes evidences a segregation
of the amorphous phases. This phenomenon is responsible of the adhesive properties
evolutions. This amorphous phase heterogeneity affects the adhesive performances.
These results have been discussed by the molecular mobility interpretations. So, the
physical structure and the properties of the material have been linked to the chemical
characteristics.
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Molecular dynamics in PVME hydrogels at sub-zero

. temperatures
R. Kisiel", M. Kozaneckil, A. Schoanhalsz, M. Pastorczakl, K. KoynovS,
L. Okrasa', H.J. Butt®, K. Krysiak', J. Ulanski'

! Department of Molecular Physics, Technical University of Lodz, Zeromskiego 116,
90-924 Lodz, Poland
2 Federal Institute for Materials Research and Testing, Unter den Eichen 87, 12205
Berlin, Germany
? Max-Planck Institute for Polymer Research, Ackermannweg 10, 55-128 Mainz,
Germany
*Email address: renata.pstrokonska@p.lodz.pl

From applicative point of view the most promising group of hydrogels are stimuli-
responsive (particularly: thermo-responsive) materials [1]. Their main advantage is
abrupt change in the properties in response to even small modification in environmental
conditions. These materials are mostly synthesized from polymers exhibiting lower
critical solution temperature (LCST) in water, and poly(vinylmethylether) PVME is an
example of such polymer. In a case of crosslinked macromolecules LCST is manifested
in a volume phase transition [2].

Systematic studies of hydrogels are commonly conducted in the range of
temperature between 0-100°C, nevertheless, investigations of these materials at
temperatures below freezing point of water seems to be also important. They should
help to understand better phenomena involved in synthesis and applications of cryogels
as well as lyophilization processes. From this point of view, molecular dynamics is
especially interesting, because it may give valuable information helpful to design
hydrogels with precisely define diffusive and/or mechanical properties.

An influence of temperature, crosslinking and swelling degrees on molecular
dynamics in thermo-responsible PVME hydrogels was an object of performed
investigations. BDS (including high frequency region IMHz - 3GHz) and DMA were
used to study hydrogels synthesized by electron beam irradiation of PVME (to obtain
networks with different density of crosslinks various irradiation doses were applied).
Investigations were performed at sub-zero temperatures.

Whereas, changes in mechanical modulus of the systems below 0°C relate to
freezing and melting (also “pre-melting”) of ice, the high frequency BDS results
revealed molecular relaxation process of unfrozen water. Shapes of temperature
dependencies of mechanical modulus of the system and dielectric strength of water
process, suggests that the water freezes in PVME gels rapidly, while the water melting
is strongly influenced by the polymer network. The melting process extends from c.a.
-20°C (glass transition of linear PVME) up to 0°C. It means that the molecular dynamics
of polymer network and water molecules is interdependent in hydrogels (mobility of the
network is stimulated by water molecules, and simultaneously structure and dynamics
of water are dependent on polymer concentration). DMA results showed also that the
molecular dynamics in PVME gels strongly depends on water content only for weakly
swollen samples (below swelling degree 5).
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Molecular dynamics of miktoarm star block copolymers based on
poly(butyl acrylate) and poly(ethylene oxide)
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Star polymers, consisting of many arms
connected to a central core, represent a branched
nanoscale material with compact structure, globular
shape, and large surface area [1,2]. Introduction of
various functional groups into the star polymers may
significantly expand the potential applications of star
polymers in various areas, such as: catalysis, optical
imaging, drug delivery systems [1].

We have investigated the molecular dynamics of
miktoarm (Fig.1), i.e. heteroarm star copolymers made
by poly(butyl acrylate) (PBA) and poly(ethylene oxide)
(PEO) arms connected to one core, using Broadband
Dielectric Spectroscopy (BDS) and NMR techniques.
The materials under study were synthesized by means  Fig. 1. Schematic structure of

of the atom transfer radical polymerization technique  miktoarm star block copolymers
[2]. The molar ratios of PBA/PEO were: 0.80/0.20,

0.50/0.50, 0.20/0.80.

BDS measurements, performed in a wide temperature range, allowed to detect two
relaxation processes in investigated compounds: ¢ relaxation process - connected to
segmental chain motions of polymer backbone and o relaxation - arising from constrained
mobility of polymer chains in amorphous phase, which are confined by crystallites. In
PBA/PEO 0.80/0.20 the crystallization process is partially restricted by high amount of
amorphous PBA.

The investigations of NMR spin-lattice relaxation times (T,) as a function of Larmor
frequency, performed for all compounds, confirm dynamics of polymer chains in confined
space below melting temperature (Ty,), revealing dispersion of relaxation times, which obeys
a characteristic for confined dynamics power law of T; o "7 [3]. However above Ty, the

0- 025 at high and

frequency dependence of T is described by power laws: T o< ® Sand T < ©
low frequencies, respectively. These results reflect chain dynamics, which can be explained
on the basis of the renormalized Rouse model in terms of high-mode and low-mode number
limits [4].
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Following from our research on the phase separated microstructure and unlike segment
demixing of segmented polyurethane (PU) block copolymers,“&'? we are exploring the
dynamics of several families of these copolymers using broadband dielectric
spectroscopy. In this paper we focus on PUs synthesized using a two-step
polymerization method, having MDI — BDO hard segments and poly(tetramethylene
oxide) [PTMO] soft segments (1000 g/mol). The dynamics of the segmental and local
processes will be described, as will the behavior of a low frequency relaxation. The
latter arises from interfacial (MWS) polarization and its strength decreases significantly
with increasing temperature, disappearing at a temperature similar to that where the
small-angle X-ray scattering from the phase separated microstructure disappears.

We will also describe initial findings of the role of uniaxial deformation on the
dielectric relaxation behavior of several segmented PUs with PTMO soft segments. The
o process varies significantly in location, strength, and relaxation breadth with
increasing extension ratio (see Figure 1), in contrast to chemically crosslinked cis-1,4-
polyisoprene. This behavior is in keeping with the larger effective crosslink density of
the polyurethanes and the resulting constrained mobility of soft phase segments.

We would like to express our appreciation to the NSF Polymers Program for support of
this research.
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Figure 1. Dielectric loss factor at 253 K of the soft phase a process of a PTMO-based
polyurethane with 32.5 wt% hard segments, as a function of extension ratio (A).’
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Dynamics and Relaxation in Room Temperature Ionic
Liquids: Molecular Dynamics Simulation Studies
Using High Quality Polarizable Force Fields

Grant D. Smith’, Dmitry Bedrov and Oleg Borodin

Department of Materials Science and Engineering, University of Utah, Salt Lake City,
Utah, USA
*Email address: gsmith2@gibbon.mse.utah.edu

We have developed a high quality, quantum chemistry based polarizable potential for
use in molecular dynamics simulations of room temperature ionic liquids (ILs). The
quality and transferability of this force field has been demonstrated through extensive
comparison of structural, thermodynamic and transport properties of a large number of
ILs with experimental data. Recently, we have been conducting molecular dynamics
simulations of ILs comprised of a diverse set of cations and anions utilizing this force
field in order to better understand gigahertz to terahertz (nanosecond to picosecond)
dynamics in these interesting and important materials. Our hope is to glean insight into
the correlation between dynamics and nanoscale structure, as well as the role of cation
and anion chemical structure on high frequency dynamics in relaxation processes in ILs.
In light of these efforts, I will report on the results of our molecular dynamics
simulation studies for a number of ILs. Included in the discussion will be results of our
efforts to understand the contribution of rotational and translational motion to dielectric
relaxation in these materials. I will also discuss the correlation between high-frequency
relaxation, local structure and important bulk transport properties, including ionic
conductivity, viscosity and Li* conduction in lithium salt doped ILs. The latter are of
great interest for use as electrolytes in secondary lithium batteries. Finally, I will report
on the relaxation of interfacial structure in ILs in contact with charged substrates
(electrodes).
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Debye process in ibuprofen glass-forming liquid:

insight from molecular dynamics simulation
F. Affouardﬁ, N. T. Correia®
'Unité Matériaux et Transformation (UMET) — UMR CNRS 8207 - UFR de Physique -
BAT PS5 - Université Lille 1, 59655 Villeneuve d'Ascq, France
ZREQUIMTE, Departamento de Quimica, Faculdade de Ciéncias e Tecnologia,
Universidade Nova de Lisboa, 2829-516 Caparica, Portugal
*Email address: Frederic.affouard@univ-lillel.fr

From dielectric spectroscopy (DRS) investigations, most of the molecular glass-formers
show multiple non-simple exponential (non-Debye) relaxation processes. In most cases,
the lowest frequency and dominant peak is identified to the so-called o-relaxation
associated to the cooperative molecular motions and the glass transition. Some other
higher frequency secondary processes corresponding to localized motions are also
usually observed such as the so-called B-Johari-Goldstein and y- processes. For unclear
reasons, it is known for decades that some monohydroxy alcohols or amides hydrogen
bonded (HB) glass-forming systems in which the -OH or the -NH group is sterically
accessible behave differently. At the lowest frequency, they exhibit a surprising very
intense peak corresponding to a purely exponential or Debye-type decay.

An interesting possibility to investigate the origin of relaxation processes in a different
class of HB liquids is offered by racemic ibuprofen. This widely used pharmaceutical
compound can be easily supercooled and form a glass. Molecular mobility of ibuprofen
has been recently investigated by DRS covering a wide temperature and frequency
range'. A rich relaxation map was obtained including a Debye type relaxation which
unlike to that observed in monohydroxy alcohols and amides possesses an amplitude
much lower than the a-process.

By means of Molecular Dynamics simulations, dynamical properties of racemic
ibuprofen glass-forming liquid were investigated. The origin of the peculiar low
amplitude Debye-type dielectric relaxation observed experimentally is addressed. Since
this compound is composed of simple molecules possessing a carboxylic acid group
0=C-O-H, it may form a rich linear/cyclic HB multimers distribution — cyclic dimers
above all — in the liquid state. Fundamental differences thus exist between ibuprofen
and alcohols in their dielectric properties. An explanation based on intra-molecular cis-
trans isomerism of the carboxylic group is thus suggested. A comparison is made with
the Debye-type relaxation found in microstructured monohydroxy alcohols.
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Theoretical and experimental study of the composite
based polyfluoride of vinylidene P(VDF)/barium
titanate

Z. Ghallabi'*" , M. Arousl, A. Kallell, L. Stevenson-Royaudz, G. Boiteux’
and G. Seytre2
' Laboratoire des Matériaux Composites Céramiques et Polyméres, Faculté des Sciences
de Sfax, 3018 Sfax, Tunisie
*Université Lyonl, UMR CNRS 5223 IMP, Laboratoire des Matériaux Polyméres et des
Biomatériaux, Bat. ISTIL, 15, Bd. Latarjet F-69622 Villeurbanne Cedex France

*Email address: zied.ghallabi@hotmail.com

Polyfluoride of vinylidene films, filled with barium titanate, are made by extrusion. The
dielectric properties of these films are measured under various conditions. The evolution
of the relative permittivity and dielectric rigidity according to the volumic fraction is
modelled respectively by the theory of mixture and by a semi-empirical model. The
mixtures are studied in broadband dielectric spectroscopy. The dielectric measurement
results show that the effective dielectric constant of the composite is slightly dependent
on the concentration of BaTiOs. These films show interesting characteristics for an
application of energy storage.
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Two-power-law relaxation processes in semiconductors

possessing metastable defects
J. Trzmiell*, K. Weron!
'nstitute of Physics, Wroclaw University of Technology. Wybrzeze Wyspianskiego 27,
50-370 Wroclaw, Poland
*Email address: Justyna. Trzmiel@pwr.wroc.pl

The non-Debye relaxation behaviour, frequently observed in various dielectric
systems, is represented by a low- and high-frequency power-law dependency of the
complex dielectric permittivity €(@)=¢'(w)—ie"(w) on frequency:

m

£(0)-g'(w)~e"(0)~(0/,)", o<,

s'(a))~£"(w)~(a)/wp)”], o>,

where @, denotes the loss peak frequency, & (0) - the static permittivity and the power-
law exponents m and n fall in the range of (0, 1]. The two-power-law relaxation
pattern, characteristic for dipolar complex systems, was observed by us in indium and
gallium doped semiconducting mixed crystals Cd;.\Mn,Te possessing deep metastable
defects — the so called DX centers. The power-law exponents, obtained for these
materials, satisfy relation m<l-n (see Fig.l.) which, unfortunately, cannot be
interpreted by means of the well-known Havriliak-Negami function.
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Fig.l. Absorption (imaginary) term of the complex dielectric  permittivity
£ ( a)) =€ '(a)) —ie “(a)) for Cdy9oMny o Te:Ga and CdyoMny ;Te:In samples.

In order to explain the origins of such a relaxation behaviour we propose a
correlated-cluster relaxation model leading to the generalized Mittag-Leffler relaxation
function. We show that this function is able to reproduce relaxation patterns observed
for the investigated CdpoMng Te:In and Cdg99MnggTe:Ga samples. The proposed
model, taking into account the local randomness resulting from the microscopic
anisotropy of the studied samples, allows one to investigate mutual correlations between
the defects and brings into light the scale invariant spatio-temporal properties of the
studied materials.

We believe that this study will broaden the knowledge on the properties of this
important, from the practical point of view, class of semiconducting mixed crystals and
also provide useful tools to find the microscopic origins of the two-power-law dielectric
relaxation responses for which m<I-n.

S T4




155

Evidences of the fractional kinetics in temperature

region: evolution of extreme points in dielectric spectra

R. R. Nigmatullin®
'Kazan State University. Theoretical Physics Department, 420008 Kazan, Russia

*Email address: nigmat@knet.ru

Based on a new approach that will be presented in detail in the extended paper one can find new
evidences of existence of the fractional kinetics not only in the frequency range. One can find
rather general principles of detection of different collective motions in temperature region.
These principles can be expressed in terms of an algorithm (defined in the paper as an
approach). This approach includes some steps that help to separate a couple of the neighboring
collective motions (expressed in the frequency range as a linear combination of two power-law
exponents) from each other and establish the temperature evolution of the extreme point that
follows to the generalized Vogel-Fulcher-Tamman (VFT)-equation. This experimentally
confirmed fact gives new evidences for supporting of the theory of dielectric relaxation based
on the fractional kinetics' on the frequency/temperature domain. As an example for verification
of this new approach the ibuprofen complex permittivity data measured in the wide
frequency/temperature range were chosen. The reason of such selection was the following. It
helps to compare the conventional study of this complex substance recently published in? and
use possibilities of the developed approach that can add some new features to the picture
obtained in the frame of the conventional treatment. We suppose that possibilities presented by
new approach will be extremely useful for detection of different collective motions® in other
substances studied by the method of broadband dielectric spectroscopy (BDS). We derived
original expressions that generalize the well-known VFT-equation and applicable for
temperature evolution of any extreme point (minimal or maximal one).

ln[ sin(0.5- v, )
x,(T) =

sin (0.5-7v, ) ] W In(t,)-v,In(t,)
Ly, (T)=2 In(%j = ln(‘sin(O.S -mv,)-sin(0.5-mv, )

v, -V, v, =V, ’ (D

)+V1 In(t,)+v,In(t,).

Here the temperature dependence of characteristic relaxation times ty,, (7) and the power-law
exponents vy, (7) can be derived from new approach. Theoretical expressions (1) received the
excellent confirmation at analysis of the randomly taken complex permittivity data for
ibuprofen’. New approach generalizes and discovers important details missed in the
traditional approach. In particular, this approach implies the following:

(a) that any maximal/minimal point (including the hidden ones) in analysis of complex
permittivity spectra is important;

(b) it says also that the statement 'one peak should be associated with one relaxation
process' is correct only for symmetric peaks.
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Modeling of Quadratic Response and its Relaxation

Stability for Nonlinear Optical Polymer Electret
M.Yu. Balakina
Institution of Russian academy of sciences A.E. Arbuzov Institute of organic and
physical chemistry of Kazan Scientific Centre of RAS, Kazan, Russia
Email address: mbalakina@yandex.ru

Polymer material exhibiting electrical response due to the incorporated organic dipole
chromophores is in the electret state resulting from the orientation of chromophore
groups in the applied electric field. Material in the electret state is characterized by the
macroscopic polarization which is determined by the orientational order of the
chromophores. In the polymer electret organic chromophores are in the locally
anisotropic polarizable deformable environment. New models and approaches are
required for the description of the medium effect on the chromophore nonlinear optical
(NLO) response.

In'"" we have proposed original analytical approach to the modeling of polymer electret
NLO response, which is based on the special ansatz defining the cavity occupied by the
chromophore in the material. The cavity is chosen to be conformal to the characteristic
ellipsoid of the generalized permittivity tensor of the material, virtual medium inside the
cavity being either isotropic or anisotropic. In the framework of the model the local
electric field affecting the chromophore in the electret is obtained. This field depends on
the applied electric field, macroscopic polarization of the electret, dielectric properties
of the medium, as well as on the chromophore electric moment, multipole (quadrupole
and octupole) contributions being taken into account in addition to the dipole
contribution. The obtained equation establishes relationship between the electret
macroscopic polarization and molecular electric characteristics of the chromophores
(dipole moment, polarizability and hyperpolarizability). Analytical equations for the
pyroelectric, piezoelectric and electrostrictive coefficients of the material are obtained
on basis of polymer electret macroscopic polarization.

To study the stability of the polymer NLO electrets quadratic response, which is directly
connected with the relaxation of chromophores orientation order, we have suggested an
evolutional model accounting for the interrelation of electric, rheological and thermal
processes in polymer material. The distinguishing feature of the model is the use of non-
stationary equations taking into account pyroelectric, piezoelectric and electrostrictive
effects.> Retardation of the response is described by the integro-differential operators
of the special type; one of the models uses the so-called Kohlrausch-Williams-Watts
stretched exponential functions. The main attention is given to the relaxation model of
two-dimensional polymer film.
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Modeling ion conduction in disordered solids and other
fundamental challenges

Jeppe C. Dyre"”,
DNREF centre “Glass and Time”, Roskilde University, Postbox 260, DK-4000 Roskilde,

Denmark

*Email address: dyre@ruc.dk

There is still no simple and generally applicable model for ion conduction in non-
crystalline solids like glasses, polymers, etc. It is not known whether or not such a
model exists, but data from measurements of, e.g., the conduction’s frequency and
temperature dependence gives rise to optimism in this regard. One problem is whether -
and in which sense - ion conduction may be modeled as the motion of non-interacting
particles. This might be the case if the conducting entities are relatively rare, like for
instance vacancies or some kind of interstitials. This paper reviews the recent progress
on this front' and also discusses some other unanswered scientific questions that remain
unanswered like how to define the mobile ion density, what are the origins of the
mixed-alkali effect, of time-temperature superposition, and of the nearly constant loss.
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Electrical cleaning of dielectric materials:
Experimental method for spectral resolution
enhancement and recent applications

C. Gainaru, R. Bohmer
Fakultit fiir Physik, Technische Universitdt Dortmund, 44221 Dortmund, Germany

The application of moderately large electrical fields to ion containing liquids and solids
in combination with temperature cycling enables one to reduce the contribution of
conductivity to dielectric loss spectra significantly, in some cases by up to three orders
of magnitude, see Fig. 1.' This time-honored and simple,z’3 yet widely unknown
technique involves temperature cycling in conjunction with temporary exposure of the
sample to an electrical bias field. Electrical purging was recently used profitably in
studies of a diverse array of materials such as supercooled liquids, also viscous
monohydroxy alcohols, overhydrated proteins, ion-doped clathrate hydrates, and
normal-mode polymers. The efficiency of the current method is compared with
alternative approaches that were suggested to mitigate the adverse effects that impurity-
ion conductivity can have on the resolution of dielectric spectra. Here we will focus on
the relative merits of procedures such as derivative analyses, the Kramers-Kronig
transformation (KKT),* subtraction procedures, as well as the coating of electrodes with
insulators. Finally, some limitations and prospects for further developments of the ion
sweeping method are discussed.
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Fig.1. Dielectric loss of a supercooled liquid before and after electrical cleaning.
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nanoDielectric Spectroscopy (#DS) of polymeric
systems by using Electric Force Microscopy
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*Email address: schwartz@ehu.es

Broadband dielectric spectroscopy (BDS) has shown to be a powerful technique to
study the molecular dynamics of polymers and glass forming systems over a huge
frequency range (10°-10"2Hz) at different temperatures, pressures and under different
environments. Although their well known exceptional features, the standard BDS
techniques have a fundamental limitation: they provide no spatial resolution. To
overcome this constrain we have been developing during the last years different
approaches® that allow mapping the local dielectric permittivity of thin films by means
of electrostatic force microscopy (EFM) with typical spatial resolution of about 20nm.
The proposed experimental methods are based on the detection of both, the topography
and the electric force gradient at a given value of the tip-sample distance. In this way we
are able to image both the topography and the dielectric permittivity of polymer thin
films. Besides the success of these methods they were limited to measure the static
dielectric permittivity.

In this work, we present an extension of those methods to measure the local frequency
response of thin films. Thus, by means of a standard AFM setup, we are able to measure
both, the local dielectric loss spectra over more than four decades in frequency (2-
3.210°Hz) and the dielectric contrast image at a given frequency and temperature. We
have tested our method on several systems; we have measured the segmental relaxation
on both pure polymers and nanophase-separated polymer mixtures, the secondary
relaxation on poly(methyl methacrylate) and the polymer dynamics in nanocomposites.
This method seems to be an appropriate tool for approaching fundamental problems of
soft matter and will open the door for studying the complex dielectric response in
polymers, nano-structured materials, biological systems and soft matter in general.
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Beam Waveguide spectroscopy of Materials in

Millimeter and Submillimeter Waves Ranges
V.v. Meriakri*, E.E. Chigrai, M.P. Parkhomenko
Kotel’nikov Institute of Radioengineering and Electronics, Russian Academy of
Sciences
Vvedenski sq. 1, Fryazino Moscow Reg. 141190, Russia
*Email address: meriakri@ms.ire.rssi.ru

For wavelengths A longer than approximately 6-8 mm effective waveguide and
resonator technique of materials properties measurement is elaborated. On the other
hand for wavelengths shorter than 0.5 mm geometrical optical methods are available.
However, there are some difficulties in carrying out material investigation in the
intermediate interval of wavelengths. The reason is that the waveguide technique is
ineffective due to a decrease of the waveguide dimensions, gaps between waveguide
and sample walls, on the other hand the optical technique is ineffective due to
diffraction effect and as a result not allowing the use of geometrical laws of optics.
Therefore we suggested [1] for the measurement of material properties is to use quasi-
optical lens beam waveguide transmits only the fundamental low-loss Gaussian type
mode with enough small cross-sectional dimensions of a wave beam and large losses for
higher order modes. In this case the incident on the plane-parallel specimen wave and
the wave on the receiving aperture are the same and it is possible to estimate the
measurement errors due to a thickness / of a plane-parallel specimen, inclination of its
boundaries to the beam waveguide axis ¥ and cross-sectional dimensions of the
specimen a and receiving aperture b. So for beam waveguide consisting of non-
reflecting lenses with @ and b > 104, / < 1 cm, w < 0.2, refractive index n < 5 the
magnitude of errors in transmission |7> and reflection |1|* coefficients are less than5-107,
whereas in conventional free space measurements these values may be in this case more
than 10™. Using this quasi-optical set up it was measured complex refractive indexes n
+ ik, in very wide intervals n from 1.05 to 20, |f|* from approximately 1 to 10%,

tan & = 2nk /(n* —k*) from 107 to 1, and |r|* from about 1 to 10 [1]. There were
some new methods and instruments for investigation electromagnetic properties of
materials elaborated: equal arm interferometer with sweep of frequency, method
immersed in liquid sample, method using a change of liquid thickness, method
matching dielectric plate, method for thin lossy films. There were investigated
dielectric properties of many low-loss [2] and lossy media: non polar and polar liquids,
including water solutions, human blood and skins [3], liquid crystals [4], dielectric and
magnetic nano powders, polymers, including polymers with nano fillers (including
carbon nano tubes).
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Analyte Detection in Solutions Using Coupled
Antennae Impedance Spectroscopy (AIS)
A. Lichtensteinl, A. Konevskyl, N.Ferrera', D. Nuttman', J.Schreiberz, N. Axelrod'
! Physical Logic Ltd. 31 Halekhi St., Bney-Brak 51200, Israel
2 Physical Logic AG.

*Email address: noel @physical-logic.com

High throughput technologies and online monitoring require new label-free methods for
real-time sensing of chemicals in the liquid phasf:.l'2

Antennae impedance spectroscopy (AIS) is a technique that interrogates a medium by
radiating it with an electromagnetic (EM) field and measures the impedance of the
antennae.’ In a Coupled Antennae Impedance Spectroscopy (CAIS) setup two opposing
antennae are based on both sides of a cuvette that contains the probed medium. The
antennae response is broadband and allows both reflection and transmittance parameters
(S11 and S12) to be measured.

AIS is ideally suited for industrial applications where non-contact, continuous and real-
time monitoring of chemical processes and online determination of liquid composition
is required.

We apply the CAIS method in the study of biomolecules: proteins (BSA) and
saccharides (glucose , fructose, galactose, maltose, lactose and sucrose) soluble in
water, electrolyte solution and electrolyte solutions containing human serum.

The antennae signal is measured by VNA in the frequency range from 1 MHz up to 6
GHz at room temperature. The analysis is performed by identifying frequency bands at
which temporal changes of the averaged S-parameters are best correlated to the changes
of the analyte concentration in cuvette. For each analyte, there is a unique set of
frequency bands that can be used both for the identification and quantification of the
analyte concentration in solution.

By using the CAIS technique, we were able to determine all examined biomolecule
solutions, both quantitatively and qualitatively e.g.: we have demonstrated the ability to
differentiate between monosaccharide’s stereoisomers in solutions of water and PBS
with millimolar resolution.
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Overcoming electrode polarization by magnetic

induction spectroscopy
B. A. Mazzeol*, P. Getz!
"Department of Electrical and Computer Engineering, Brigham Young University, 459
Clyde Building, Provo, UT, 84604, USA
*Email address: bmazzeo@ee.byu.edu

Electrode polarization is common in dielectric spectroscopy experiments
through electrode contact with solution'. Because the polarization component is in
series with observed phenomena, it complicates the interpretation of dielectric spectra.
Electrode spacing, four-electrode methods, and dielectric coatings have all been
considered to overcome polarization phenornenaz’3 4 Additionally, numerical techniques
are frequently employed to analyze data and remove the parasitic contribution’.
Elimination of electrode polarization either numerically or physically is thus critical for
proper interpretation of experimental spectra up to through the MHz range.

To avoid this parasitic contribution, electric fields parallel to the electrode
surfaces may be induced by employing an alternating magnetic field. Measuring the
response of the alternating magnetic field allows inference of the electrical properties of
the liquid solution. The in-phase and out-of-phase components correspond to
permittivity and conductivity contributions. High-permeability toroids and solenoids
with gaps are used to confine magnetic field interrogation to the sample of interest.
Numerical results are shown in Figure 1. Theoretical and experimental results,
sensitivity, and practicality of this method are discussed and analyzed in comparison
with traditional dielectric spectroscopy employing parallel electrode surfaces.
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Fig.1. Eddy current simulation (Ansoft Maxwell SV) of 10 mm radius cylinders
in an alternating magnetic field. The continuous material medium has a
conductivity of 4 S/m and relative permittivity of 81. A magnetic field intensity
of 1 A/m is applied to the cylinder. The eddy current is internal to the cylinder.
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Kohlrausch relaxations by interacting and non-interacting

dipoles in PVDF copolymer
B. Martin’, H. Kliem
Institute of Electrical Engineering Physics, Saarland University
Campus, Building A5 1, D-66123 Saarbruecken, Germany
*Email address: b.martin @mx.uni-saarland.de

Thin films of PVDF copolymer are prepared by a Langmuir-Blodgett technique as
metal-ferroelectric-metal structures. Small signal measurements in the frequency
domain from the mHz range up to the MHz range show a power law for the dielectric
permittivity € (®) ~ oP®. In the time domain we find a depolarization current
j(®) ~ t*T. From these measurements alone it cannot be distinguished clearly whether
the dipoles in these systems relax independently of each other or if these dipoles are
interacting.

To discriminate between interacting and non-interacting dipole systems a field reversal
exeperiment is carried out. With a long positive small signal voltage pulse of 1000 s
both the fast and the slow dipoles in the ferroelectric system are oriented in positive
direction. Now, the voltage pulse is reversed for a short time of 20 s to align the fast
dipoles in negative direction. Afterwards, a short circuit is applied to the structure and
the total depolarization current is measured. This current crosses zero at a time tmeas
since the fast and the slow dipoles relax in opposite direction.

On the other hand with the numerical superposition of three time-shifted depolarization
currents it is for linear time-invariant systems possible to model the total current after a
pulse sequence as described above. This superposition yields also a zero crossing tep
which is identical to tpes only if the system is linear and time-invariant, i.e. if the
dipoles do not interact'?.

A measured time difference At = tyeq- tap in dependence of the temperature for PVDF
copolymer is shown in Fig. 1. For low temperatures in the ferroelectric state we find
At#0 indicating an interacting dipole system. For higher temperatures in the
paraelectric state the interaction is lost and we find At = 0. Thus, it can be concluded
that the small signal relaxational response resulting in the permittivity €(w) is coupled to
the large signal ferroelectric behavior resulting in the hysteresis curve.
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Fig.1. Time difference At = tpeas - tsup for different temperatures.
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New dielectric techniques developed

by time domain reflectometry
M. Abdelguerﬁ*, A.Soualmia*
" Faculté de Physique Equipe Spectroscopie Diélectrique USTHB
BP 32 El Alia Alger, Algerie

*Email address :meriemsoualmia@yahoo.fr
a_soualmia@yahoo.fr

Dielectric Spectroscopy is the most fundamental and applied aspects used to describe
molecular motions and relaxation process of different kinds of dielectric substances. Its
principal characteristic is the wide frequency range over which dielectric matter may
respond to an applied electromagnetic field and the observed dielectric response is
related to molecular events caused mostly by charge migration and dipole orientation

It is known that migration of charges gives rise to dielectric losses by conductivity(ionic
polarization process) and dipole orientation gives rise to dielectric losses by relaxation
process (polar polarization process)

Dielectric Spectroscopy applicability is the study of direct correlations between the
response of real system that is a dielectric sample and an idealized equivalent model
circuit which can describe ionic and polar polarization that give dielectric properties
experimentally by measuring the conductivity and the complex dielectric permittivity
over the necessary frequency range. Because the whole field of dielectric spectroscopy
covers an unusually wide frequency range, a large number of laborious frequency
domain techniques may then be required.

However for some decades Time Domain Reflectometry has seemed to be the
alternative to the point by point approach in the Frequency Domain; that is obviously
due to the fact that in only one measurement, with a single time domain signal applied
as a flash to a dielectric sample then we can get a same nature time domain response of
the sample

Moreover TDR techniques provide a more intuitive and direct look at the dielectric
characteristics of the material. In fact, direct response analysis defines the ionic and
polar aspects of the dielectric sample. They offer of course rapid, non destructive, in situ
and automated measurements; they also allow predictions and more interpretations.

The aim of the present paper is to gain an improved understanding of the characteristic
parameters which describe the dielectric losses model; in the other hand an approach of
models describing the dielectric properties and the electrical conductivity

and automated measurements; they also allow predictions and more interpretations.

The aim of the present paper is to gain an improved understanding of the characteristic
parameters which describe the dielectric losses model; in the other hand an approach of
models describing the dielectric properties and the electrical conductivity

Keywords: Time Domain Spectroscopy, permittivity, conductivity relaxation.




Study of Kinetics of Tautomerization Process in some
Pharmaceutically Important Molecules — New Application
of BDS.

Marian Paluch*, Zaneta Wojnarowska, Patryk Wiodarczyk and Kamil Kaminski
Institute of Physics, University of Silesia, ul. Uniwersytecka 4, 40-007 Katowice, Poland
*Email address: marian.paluch@us.edu.pl

There are a number of chemical compounds that readily convert to other isomers when
melted or dissolved in a solvent. This phenomenon is known as tautomerization process. The
tautomerization phenomenon becomes important problem in pharmacy because various
isomers may characterize with different pharmacological activity. In this presentation we will
show that the broadband dielectric spectroscopy can be successfully used for monitoring of
the mutarotation process of some pharmaceutically important molecules. Basing on these
measurements one can construct the kinetic curves and determine the activation energy of this
process [1].
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Two dynamic crossovers in protein hydration water
F. Bruni”, M. G. Mazzaz, K. Stokelyz, S. E. Pagnotta3, H. E. Stanleyz, G. Franzese®
'Dip. di Fisica, Univ. Roma Tre. Rome, Italy. “Center for Polymer Studies and Dep. of
Physics, Boston University, Boston, Massachusetts, USA. 3CSIC-UPV/EHU- Materials
Physics Center MPC, Donostia-San Sebastian, Spain. ‘Dep. de Fisica Fonamental,
Universitat de Barcelona, Barcelona, Spain.
*Email address: bruni(@fis.uniroma3.it

We study the dynamics of the hydrogen bond network of a percolating layer of water
molecules adsorbed on globular lysozyme protein by measuring the temperature
dependence of the relaxation time of water protons with dielectric spectroscopy. We
observe two dynamic crossovers: (i) at 7~252 K, which we assign to water protons
fluctuations along the growing hydrogen bond network; (ii) at 7~181 K which we
interpret as arising from a structural ordering of the water network (Fig. 1). We support
this interpretation by comparing our experimental results with calculations on a cell
model of water, showing that the two crossovers correspond to two maxima in the
specific heat, associated with two structural changes of the hydrogen bond network: the
formation of the network at higher 7 and its reordering at lower 7.

The likely occurrence of quantum effects on the water proton dynamics over the protein
surface is suggested, combining dielectric spectroscopy and deep inelastic neutron
scattering experiments.

relaxation time T [s]

4.0 4.5
. 3,
inverse temperature 107/T [K ']

Fig.1. Dielectric relaxation time of water protons (H;O") as a function of inverse
temperature for hydrated powders of globular protein Lysozyme. Water content is #=0.30
gH,O/g dry protein.
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Comparison of results from nuclear magnetic
resonance and dielectric spectroscopy on the
temperature-dependent dynamics of protein hydration

waters
M. Vogel*, S.A. Lusceac
Institut fiir Festkoperphysik, Physikalisches Institut, Technische Universitit Darmstadt.
HochschulstraB3e 6, 64289 Darmstadt, Germany
*Email address: michael.vogel@physik.tu-darmstadt.de

Nuclear magnetic resonance (NMR) and broadband dielectric spectroscopy (BDS) yield
valuable information about molecular rotational motion. In particular, BDS provides
access to molecular dynamics in very broad time and temperature ranges. In NMR, a
broad time window can be covered when combining results from spin-lattice relaxation
(~ps), line-shape (~us), and stimulated-echo (~ms) experiments. Furthermore, detailed
insights into the geometry of rotational motions are available from NMR line-shape and
stimulated-echo analyses. Here, we demonstrate that, for studies of complex molecular
dynamics in disordered materials, it is particularly useful to apply BDS and NMR in
combination.

We exploit the capabilities of such approach to investigate the temperature-dependent
dynamics of water in various types of soft confinements, in particular, in the hydration
shells of the proteins myoglobin, elastin, and collagen. We find that the time scales of
water reorientation obtained from NMR and BDS are nicely consistent." The results
yield strong evidence against a sharp crossover in the temperature dependence of the
correlation time T, which was reported in previous neutron scattering work® and taken as
evidence for the existence of a fragile-to-strong transition for protein hydration water.
Exploiting the good agreement between BDS and NMR data, we use the temperature-
dependent distributions of correlation times G(log t) determined in BDS as input for ’H
NMR line-shape and stimulated-echo analyses performed in the framework of computer
simulations.” This approach allows us to determine the temperature-dependent
mechanism for the rotational motion of protein hydration water. The analysis indicates
that water performs isotropic rotational jumps down to temperatures of about 200 K,
i.e., in rigid elastin and collagen matrices. For the hydration water of myoglobin, there
is a crossover from isotropic reorientation to anisotropic reorientation upon cooling,
which occurs in the vicinity of the glass transition temperature of the protein at about
200 K. The low-temperature reorientation of protein hydration waters involves large
jump angles on the order of the tetrahedral angle.'”
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Chronobiology, dielectric characterisation and the relevance
to non invasive in vivo monitoring of biophysical parameters
A. Caduff", P. Zakharov', A. Megejl, F. Dewarrat’, M. Talal‘yl
! Solianis Monitoring AG, Leutschenbachstrasse 46, 8050 Zurich, Switzerland
2 Applied Physics Dept., The Hebrew University of Jerusalem, 91904, Israel

*Email address: andreas.caduff @solianis.com

With the increasing availability of miniaturization of circuitry and low powered micro controllers
in vivo, real time dielectric spectroscopy for physiological monitoring with highly portable
devices has increasingly become of great interest [1-3]. Such sensor concepts have recently been
presented [1-2], integrating different dielectric and optical sensors on one substrate, allowing a
wide frequency band electromagnetic characterization of human skin and underlying tissue [1-2].
This Multisensor measures the magnitude and phase at different frequency points between 1 kHz
and 2 GHz, combined with 3 different optical wavelengths, temperature and acceleration. A total
of 19 different sensors signals can be recorded, transmitted and displayed in real time.

Skin as a complex multilayered heterogeneous dielectric with its own dynamic and structure
brings a new challenge in dielectric spectroscopy as a new hierarchy of complexity [4]. This is
shown to be the case for challenging applications like non invasive glucose monitoring (NIGM),
where different effects with different underlying physical mechanisms can significantly affect the
electromagnetic properties of the respective tissue under test.

Chronobiology has seen increasing attention with respect to skin dynamics is. A field where
researchers are looking at body rhythmicities with different magnitudes and cycle periods [5-6].
Dermal chronobiological cycles have been indentified that modulate e.g. water migration, blood
perfusion characteristics, lipid secretion, skin temperature, sweat secretion or skin thickness to
just name a few [5-6]. These parameters expose a wide spectrum of periods that can overlay in
sequence or even in combinations with the effective parameters of interest.

The impact of these cycles on the dielectric and optical properties with the underlying
mechanisms on human tissue is shown and current strategies to control and combine in suitable
ways are presented.
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Hydration water dynamics in cement based materials
and deoxyribonucleic acid (DNA)

Silvina Cervenyl, S. Arrese-Igorl, J, Dolad04, A. Alegrial’z, J. Colmenero"*?

1 Centro de Fisica de Materiales (CSIC, UPV/EHU)-Materials Physics Center, Paseo
Manuel de Lardizabal 4, 20018, San Sebastian, Spain
2 Depto. de Fisica de Materiales, UPV/EHU, Facultad de Quimica, San Sebastian

3 Donostia International Physics Center, San Sebastian, Spain
4 LABEIN-Tecnalia, Parque Tecnolégico de Bizkaia, Derio, Spain

*Email address: scerveny@ehu.es

The dynamics of water in confined geometries at low temperatures (110-260K)
is one of the great challenges that have fascinated the scientific community due to its
significant repercussion in several fields of biological, chemical and physical sciences.
In particular, the dynamics of confined water is one of the hot topics in the physics of
condensed matter as revealed by several publications, contradictory results, and the lack
of a coherent frame [1]-[4]. In particular, it has been recently reported the existence of a
crossover near 7,5 = 220K from high-T non-Arrhenius to low-T Arrhenius behavior in
several systems [2a,3b,5] and interpreted as a transition from the high density to low
density phase of supercooled water (fragile to strong transition - FST). The existence of
this crossover is a current hot topic of debate.

In this work we present a different approach to the problem by studying two
different systems: hydration water at the surface of deoxyribonucleic acid (DNA) and
water in calcium silicate hydrate (C-S-H), the most important hydration product of
cement based materials. In spite of the fact that these two systems are substantially
different, similarities can be found in the behavior of water dynamics when studied by
broadband dielectric spectroscopy (107 to 10°Hz) in the low temperature range (110-
280K). We will show in this work that the origin of the apparent FST can be understood
in the frame of a merging between two different relaxations at 7. This experimental
fact indicates that no sign of a fragile-to-strong transition happens in these two systems.
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Dynamics of Biomolecules: Combining Dielectric and

Neutron Scattering Spectroscopy
A. P. Sokolov
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Dynamics of biological macromolecules (proteins, RNA, DNA) spread over very broad
frequency range. Understanding microscopic mechanisms controlling motions and
activity of biomolecules remains a great challenge. In this talk we present analysis of
dielectric and neutron scattering data of protein lysozyme, tRNA and DNA.
Combination of dielectric and neutron scattering measurements helps to identify various
relaxation processes and follow their behavior in a broad temperature range [1,2].
Presented analysis provides assignment of dielectric relaxation processes that disagree
with traditional interpretations.

Our analysis reveals strong difference in temperature dependence of relaxation
processes in proteins and nucleic acids (RNA, DNA) [2]. Moreover, we demonstrate
that dynamics of hydration water also depend strongly on biomolecule. These results
contradict to the traditional view of ‘slaved’ dynamics, which assumes that the
dynamics of biomolecules is controlled by dynamics of hydration water. It appears that
both, biomolecule and its hydration water, have mutual influence.

[1] S. Khodadadi, S. Pawlus, A. Sokolov, J. Phys. Chem. B 112, 14273 (2008).
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Dielectric study in methacrylate-endcapped
caprolactone/poly(ethylene glycol) methacrylate

copolymer networks
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Methacrylate-endcapped caprolactone (CLMA) and poly(ethylene glycol) methacrylate
(PEGMA) networks were obtained by radical polymerization. Copolymer networks
with different compositions were prepared (CLMA/PEGMA: 70/30, 50/50 and 30/70).
Dielectric relaxation spectroscopy was employed, along with differential scanning
calorimetry, to investigate segmental dynamics in the system. Both the glass transition
and the main dielectric relaxation of the CLMA/PEGMA copolymer networks are
located between those of the corresponding homonetworks. Copolymer networks show
a secondary relaxation process at temperatures below -50°C, which can be assigned to
the overlapping of the corresponding secondary processes for the homopolymer
networks: ycpma-relaxation is related to the local mobility of caprolactone units'? in
CLMA and ypegma-relaxation is assigned to the twisting motions within ethylene glycol
moiety in PEGMA®?. Fig. 1 shows the temperature dependence of " at 1-10* Hz where
the main relaxation and the secondary relaxation processes in both homopolymer and
copolymer networks can be observed.
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Fig.1. Isochronal curves at 1-10" Hz.
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Dielectric Spectroscopy and Phase Behavior of Side Chain

Liquid Crystalline Copolymers
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]Chemistry Department, Faculty of Science and Letters, Istanbul Technical University,
Maslak 34469, Istanbul, Turkey.
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*Email address: salehli@itu.edu.tr

Previous investigations of liquid crystalline (LC) homopolymers with cyanobyphenyl side
chains show that above glass transition (T) phase transition sequence strongly depend on side
chains length [1]. Recently was found that transformations of mezophases are reflected on the
temperature evolution of a- and B-relaxation times in the cyanobyphenil polyacrilates [2].The
aim of the present work is to investigate how a degree of cooperativity of mezogenic side
chains influences the mezophase transformations and dielectric relaxation properties in LC
copolymers. For this purpose LC copolymers in which acrylate segment with cyanobyphenil
side chain alterating with maleic anhidrit segment in the backbone were sentezed. Dielectric
measurements were carried out by Novocontrol BDS in the frequency range of 10?Hz -
10’Hz in a wide temperature interval with the support of by DSC and polarized light
microscopy.

Above the glass transition temperature (T,=283K) in LC11 maleic anhidrit copolymer
(LC11MAC) the phase transition sequence at 314K, 368K and 425K have been observed on
the low frequency €'(T) on the heating run. At room temperature the small size fan-like
structure that coexists with quenched regions are observed in polarized light in
LCIIMAC.Above 314 K the LC texture become bright with blue / orange regions,suggesting
the existence of two kinds of fan-like structure in the sun mezophase: The frustration of the
LC texture is observed at temperatures ~380K. Thus the temperature interval between two
peaks of &'(T) at 368K and 425K can be considered as temperature region of co-existing of
izotropic phase and microregions of LC copolymer.

In the &¢"(®) spectra well defined 8- and o-relaxation processes were clearly observed above
T,. Both relaxation processes are described well by Havriliak-Negami relation. The o-
relaxation peaks are measured in whole polymeric state between 283K-368K, whereas the a-
relaxation mode is active only in the limited temperatures adjacent to T,. The a-relaxation
mode is embedded at T>335K due to increasing level of £”(®), indicating that copolymeric
backbone became essentialy “’soft’’ before formation of LC texture. Two stages in the
temperature evolution of t%(T), which obeys to the VFT relation, have been observed. The
anomaly of t%(T) coincides with transition at 314K.

In the ré(T) evolution the three stages were observed with increasing temperature. In the first,
between T, and 314K , and the third stages between 353K-368K the 7°(T) exibits the VFT
evolution, whereas in the second stage, between 314K-353K, the Arhenius type of evolution
takes place. The third stage of TE(T), where the fast motions of mezogenic side chains take
place coincides with the fluidity processes of LC texture observed in polarized light. We can
therefore conclude that the mitigation of the copolymeric backbone is the reason of
microphase separation into two kinds of fan-like structure in LCMAC.
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Effect of gamma-irradiation on the electret properties
of poly-L-lactid

T. Yovcheva*, M. Marudova, A. Viraneva, E. Gencheva, N. Balabanov,
G. Mekishev
Department of Experimental Physics, University of Plovdiv, 24 Tzar Assen Str., 4000
Plovdiv, Bulgaria.
*Email address: temiov(@uni-plovdiv.bg

Electret stability of poly-L-lactide (PLA) films, gamma-irradiated up to 100 kGy has
been investigated by measuring the surface potential during the storage period. PLA
samples — 40 um thick films, were prepared by casting of solution and then irradiated in
a %°Co radiation facility, in air, at room temperature, at a dose rate of 0.25 kGy/h, to
absorbed doses of 5, 25, 50 and 100 kGy. After that they were charged in a positive and
negative corona discharge conventional corona triode system (5kV). The sample surface
potential was measured by the method of the vibrating electrode with compensation.
The time dependences of the sample surface potential under room conditions were
studied for 30 days. After this period steady state values of the surface potential were
established for all of the samples. The structural changes during the irradiation were
estimated by viscometric determination of the molecular weight and some thermal
characteristics of the films — glass transition temperature, temperatures and enthalpies of
cold crystallization and melting and degree of crystallinity.

The values of the surface potential of the irradiated samples, independently of the
corona polarity and irradiation dose, were higher in comparison with the non-irradiated
samples. This effect could be related to the decrease of the molecular weight of PLA
during the irradiation, which was estimated by the decrease of the intrinsic viscosity and
melting temperature of the samples. Random chain scission and appearance of end
radicals is the most probable result of the irradiation process. The highest values of the
surface potential were achieved for samples irradiated at 5 kGy. DSC-thermograms of
the samples indicated the highest glass transition temperature and crystallinity of these
samples. The crystal structure is related to unhomogeneities in the PLA structure, which
could behave like charged traps and lead to stability of the surface potential. Therefore,
preliminary gamma-irradiation of the PLA samples could be used as a method for
increasing of the surface charge.

It was found out that the surface potential of positively charged PLA films was higher
than that for the negatively charged.

The effect of low pressure on the surface potential drop was also investigated. It was
ascertained that preliminary storage of the samples at 0.1 mbar pressure led to stability
of the electric charge.




182

Pressure effect on the polymer electrets films

behaviour
A. Viraneva*, T. Yovcheva, E. Gencheva, G. Mekishev
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Plovdiv, Bulgaria.
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In the present paper the dependences of the surface potential decay on the pressure
under which the electrets were stored and on the storage time were studied.
Polypropylene (PP) samples, 20um thick, and Polylactic acid (PLA) and poly (ethylene
terephtalate) (PET) samples, 40um thick, charged in a positive or a negative corona
were studied. Each sample was placed on a metal pad. The samples were charged to
different initial surface potential, by means of a conventional corona triode system. The
corona voltage was +5kV and the grid voltages of the same polarity were 350V, 500V,
650V, 800V and 950V. Charging of electrets was performed under room conditions.
After charging the initial surface potential /) was measured using the method of the
vibrating electrode with compensation, by which the estimated error was better than 5%.
After that the electrets were placed into a vacuum chamber under various low pressures
for 30 minutes. The pressures in the vacuum chamber were in the range from 0.1mbar to
1013 mbar. After removing the electrets from the vacuum chamber, their surface
potentials V" were measured again and the normalized surface potentials V/V, were
calculated.

The results obtained show that charge decay is different for different polarity of the
corona voltage (positive or negative) and for different materials (PP, PLA and PET).
The dependence of the normalized surface potential V/V, on the normalized pressure
p/po for all the samples were described by the following equation [1]:

1 x—c
9=a+5b[1+erf(m]]

where 6 =V/V,, po is atmospheric pressure, x =log(p/p,), and a,b,c,d are constants
for each material. The parametersa,b,c,d were calculated and compare for different
corona polarity and materials. Processes of desorption from the electret surface due to
the electric field are assumed to occur [2].

The dependences of normalized surface potential on the time of storage under room
conditions were studied for a month for two sets of samples, charged in a negative
corona. For the first set the electrets were stored under room conditions after producing
and for the second one they were preliminary placed under low pressure at 0.1mbar for
30 minutes. The results obtained show that the electrets, which have been placed
preliminary under low pressure are more stable.
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The influence of different factors as humidity, laser irradiation, temperature, pressure,
and gas media on charge decay has been studied in order to obtain stable electrets for
numerous applications [1-3].

In the present paper the influence of the gas media in which electrets have been
obtained on the electrets behavior of samples stored at low pressures was investigated.
Non-metalized samples of 20um thick polypropylene (PP) film were studied. Initially
the PP film was cleaned with alcohol in an ultrasonic bath for 4 minutes, washed in
distilled water, and dried under room conditions. The 30mm diameter samples were cut
from that cleaned film. All the samples were put onto the same diameter metal pads.
The samples were charged in corona discharge in different gas media by a trielectrode
system consisting of a corona electrode (needle), a grounded plate electrode, and a grid
placed between them. The used gases were O,, N, Ar, CO; and dry air. Negative or
positive voltage of 5kV was applied to the corona electrode, and negative or positive
voltages of 500V and 800V were applied to the grid, respectively. Thus, the electrets
were charged to potentials limited by the grid potentials as stated above. Electrets
surface potential was measured by the method of a vibrating electrode with
compensation.

After charging the initial surface potential /) was measured. Then the samples, together
with their metal pads, were placed into a vacuum chamber, consisting of an isolated
base and a jar bell, when the pressure was decreased step by step from 1013mbar to
0.1mbar. At each pressure the samples were stored for 1 minute. Then the electrets were
removed from the vacuum chamber, the surface potential /' was measured again and the
normalized surface potentials '/, were calculated.

The results obtained show that the gas media in which the corona discharge occurs has a
significant influence on the initial surface potential and the charge decay behaviour at
low pressures. The decay of the surface potential depends on the sort of the gases. The
difference in the effects of gas media on the rate of charge decay of the electrets was
supposed to be due to different kinds of surface traps, which arise from the interaction
between gas ions and sample surfaces.
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The first order phase transition by which a supercooled amorphous polymer material
transforms into a semicrystalline one continues to be a challenging central problem of
polymer physics affecting other fields including material properties and protein
crystallization. Although substantial progress has been made in understanding polymer
crystallization over the past four decades several aspects of this process remain open. In
particular, the influence of chain cooperativity, dynamic fragility and correlated motions
on polymer crystallization remain unclear. Here we show the existence of a correlation
between nucleation kinetics and dynamic fragility when the crystallization process takes
place in the proximity of the glass transition temperature.
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Fig.1. Values of normalized nucleation time factor for different polymers as a function of their
corresponding fragility strength values D. Continuous line is the best linear fitting. The inset
shows the same data as a function of the fragility index m .
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The influence of the characteristic nanostructure of semicrystalline polymers on the
segmental dynamics has been studied by dielectric spectroscopy (DS) in
poly(triethylene terephthalate) (PTT) samples with different degree of crystallinity. In
the investigated temperature range (from -100°C to +200 °C), three processes have been
identified as maxima in the imaginary part of the complex dielectric permittivity
including local, segmental and Maxwell-Wagner-Sillars relaxations. The shape of the
relaxations has been analyzed on the basis of the Havriliak-Negami formalism.
Simultaneous X-ray scattering and dielectric spectroscopy measurements revealed that,
during cold crystallization, crystalline lamellae tend to be homogeneously distributed
along the sample. A significant amount of rigid amorphous phase is formed during cold
crystallization, and its location is assigned to the crystal-amorphous interface. The
formation of the rigid amorphous phase during cold crystallization is less effective for
poly(trimethylene terephthalate) than for other similar aromatic polyesters like
poly(ethylene terephthalate). The mobile amorphous phase, giving rise to the dielectric
o relaxation, is mainly located between consecutive crystalline lamellae. The segmental
dynamics of the amorphous phase seems to be restricted by the growing crystals during
both primary and secondary crystallization.
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Fig.1. Non isothermal crystallization of initially amorphous PTT followed by SAXS, WAXS
and DS at selected temperatures. WAXS and SAXS intensities are represented as a function of
scattering vector q. The DS panel shows the evolution of the dielectric loss €”” with frequency.
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The phase behavior of a diblock copolymer based on poly(styrene) and poly(ethyl
methacrylate) is studied in the weak segregation limit'. The unmixing of the blocks into
a lamellar morphology takes place during heating and the lower critical ordering
transition (LCOT) is located approximately at 168 °C. Fine control of the inter-layers
thickness in the ordered phase is achieved by annealing with time-temperature
dependence above the LCOT. The irreversibility of the microphase separation makes
possible the freezing of the layered structure into room temperature. Therefore, we
present a simple way to produce a diblock copolymer with a layered structure
controlling on demand the size of the inter-layers spacing in a wide range from 35 nm
up to above 50 nm. We are also able to obtain a fine control of the lamellar thickness by
controlling temperature and time during isothermal annealing treatments above the
LCOT.

Broadband dielectric spectroscopy has been used to study selectively the dynamics of
the poly(ethyl methacrylate) chains in both mixed and phase separated PS-b-PEMA
copolymers. Compared with a poly(ethyl methacrylate) homopolymer, the o relaxation
describing the segmental dynamics shows slower relaxation times and changes in the
apparent activation energy (dynamic fragility).

The figure 1 describes the evolution

with temperature and time of the
Sl | inter-layers  spacing a in a
-~ - microphase  separated  (initially
El ] mixed) film of PS-b-PEMA during
& o successive heating and cooling
) E R .
S a0l cycles. Following each heating run
= the sample was annealed at 190 °C
@l ) | for a selected time (15 s, 45 min, and
=
= N Lcor 1 h, fo'r the 1st, 2nd and 3rd cycle,
ol ey mm— respectively).
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Fig.1. Long period as a function of temperature and time for microphase separated diblock
PS-b-PEMA
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Broadband dielectric spectroscopy is a powerful experimental method to investigate the
dynamical behavior of a sample through the analysis of its frequency dependent
dielectric response. This technique is based on the measure of a complex quantity (i.e.,
admittance or impedance) as a function of frequency of a sample sandwiched between
two electrodes. In the case of solid protonic conductors, such as ice or hydrated
powdered proteins, often insulating layers are inserted between the metal electrode and
the sample. In this way it is possible to eliminate free exchange between electronic and
protonic charge carriers at the sample—electrode interface, which eventually would lead
to a conductivity beyond the level intrinsic in the sample behaviour. However the use of
this experimental setup require a carefull data analysis and data reduction in order to
extract useful and reliable informations from the measured spectra, which is inevitably
distorded by the presence of the insulating layer as recently discussed by several
authors'~.

In order to account for this distortion, here we present a fitting procedure that is
developed and tested against dielectric spectroscopy data collected on different samples,
with different conduction properties, and measured with and wihtout the use of
insulating electrodes.
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Thermal behaviour of a copolymer series of 2-hydroxyethoxyethylmethacrylamide and
oxyethylenemethacrylates' has been studied by differential scanning calorimetry (DSC).
Poly(2-hydroxyethoxyethylmethacrylamide) exhibits the glass transition in the vicinity
of 200° C, close to its decomposition temperature. The two copolymers analyzed (90/10
and 95/5) present the glass transition temperature close to -50°C. Broadband dielectric
spectroscopy has been used to study the influence of the composition on the dielectric
properties of the copolymer. ! Dielectric measurements have been performed in the
temperature and frequency ranges 133 - 423K and 102-10° Hz, respectively. The loss
permittivity spectra of the copolymer series show the existence of two relaxations
processes associated with local molecular motions. These processes were characterized
by using the Havriliak-Negami and Fuoss-Kirkwood empirical equations®. The shape
and relaxation times of the two absorptions were correlated with the molecular
composition of the copolymer.
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This work reports a comparative study of the response of poly(2,3-dimethoxy benzyl
methacrylate), poly(2,5-dimethoxy benzyl methacrylate) and poly(3,4-dimethoxy
benzyl methacrylate)' to electrical perturbation fields over wide frequency and
temperature windows with the aim of investigating the influence of the location of the
dimethoxy substituents in the phenyl moieties on the relaxation behavior of the
polymers. The dielectric loss isotherms above T, exhibit a blurred relaxation resulting
from the overlapping of secondary relaxations with the glass-rubber or o relaxation. At
high temperatures and low frequencies, the o relaxation is hidden by the ionic
conductive contribution to the dielectric loss. A usual, the real component of the
complex dielectric permittivity in the frequency domain increases with decreasing
frequency until a plateau is reached corresponding to the o glass-rubber relaxation.
However, at high temperatures, the real permittivity starts to increase again with
decreasing frequency until a second plateau is reached, a process that presumably
reflects a distributed Maxwell-Wagner-Sillars relaxation” or o’ absorption. The o and o'
processes appear respectively as asymmetric and symmetric relaxations in the loss
electrical modulus isotherms in the frequency domain. To facilitate the deconvolution of
the overlapping absorptions, the time retardation spectra of the polymers were computed
from the complex dielectric permittivity in the frequency domain using linear
programming regularization parameter techniques3. The spectra exhibit three secondary
absorptions named, in increasing order of time, y, ' and 3 followed by the o relaxation.
At long times the o' relaxation, well separated from the o absorption, appears. The
replacement of the hydrogen of the phenyl group in position 2 by the oxymetyl moiety
enhances the dielectric activity of the poly(dimethoxy benzyl methacrylate)s.
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Polymers containing crown ethers in their structure, offer great possibilities to be useful
as metal ions catalysis, ion-exchange membranes, molecular imprinting compounds,
surfactans, et.'. The dielectric relaxation behaviour of two membranes of poly(methyl
methacrylate-co-(1,4,7,10-tetraoxacyclododecan-2-yl) methyl methacrylate) (10/90 and
25/75) has been studied using Broadband Dielectric Spectroscopy in the frequency
range 107 to 10® Hz and temperature window 148 -383K. The spectra apparently show
three strongly overlapped relaxations obscured at high temperature and low frequencies
by an important conductive contribution. Taking into account that compliance
relaxation processes are better defined in the retardation time spectra than in the loss
spectra in the frequency domain, the analysis of the overlapped dielectric relaxations
was carried out by means of retardation time spectra2 obtained from the complex
dielectric permittivity in the frequency domain using a Tikhonov regularization
technique3. Deconvolutions of the overlapping peaks in the retardation spectra were
performed using Havriliak-Negami type empirical equations4. Dipole correlation
functions were calculated from the Retardation Spectra and subsequently, the Williams
ansatz was analyzeds.
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High dielectric constant polymers are becoming crucial components in advanced
electronic devices, such as memory and gate dielectrics for integrated circuits,
stationary power generation, and miniature capacitors for telecommunication'. Polymers
containing polar substituents such as cyano and fluoro groups are of interest in the
development of advanced electrical and optical materials because of the large dipole
moment arising from their polar substituents (C-CN and C-F) >°.  Combining
fluorinated monomers and comonomers bearing cyano groups should induce a
synergetic effect on the properties for the resulting copolymers 4,

To develop new dielectric polymers containing CN and F groups with strong dipole
moments, the radical copolymerization of acrylonityrile (AN) with 2,2.2-trifluoroethyl
acrylate (ATRIF) as a fluorinated comonomer initiated by AIBN have been reported in
this present work. The homopolymer of ATRIF was also prepared. The NMR analysis
has shown that the molar percentage of AN in the copolymer was 58 mol %.

Both copolymer, poly(AN-co-ATRIF), and homopolymer, Homo-ATRIF, were
diclectrically characterized over a frequency range from 10" to 10° Hz, and in a
temperature range from 223 to 393 K. The dominating relaxation process detected in
both materials was the a-relaxation, associated with the dynamic glass transition. A
significant shift of the dielectric loss curves for lower frequencies/higher temperatures
of poly(AN-co-ATRIF) relative to the homopolymer was observed, revealing an
hindered mobility originated by the inclusion of acrylonitryle groups in the copolymer.
A VFT temperature dependence of the relaxation times (t) was found, as characteristic
of cooperative processes. The extrapolation of the VFT equation to t=100 s allowed to
estimate a glass transition temperature (T,) for each material, which differ ~ 40 K, the
one of the copolymer being higher (308 K) in accordance with the shift in the isotherms.
The study was complemented by differential scanning calorimetry, from which the T,
values determined, respectively 273 and 313 K for the homo and copolymer, are in
good agreement with those dielectrically obtained.

Acknowledgments: The authors thank the financial support to the Action of Cooperation
(Maroc/Portugal) 415/CNRST/Marrocos.The authors thank also the Swedish Research Links
Programme for the framework “International Research Grant” Sweden - MENA (Middle East
and North of Africa) (Ref: VR 2008-6002) between FST (Marrakech) and KTH (Stockholm).

References

[1] (a) R.C.G. Naber, C. Tanase, P.W. Blom, F.J.Touwslager, S. Setayaesh, D.M. de leeuw,
Nat. Mater. 4, 243 (2005). (b) A. Meskini , M. Raihane , I. Stevenson-Royaud , G. Boiteux , G.
Seytre , B. Ameduri J of Non-Crystalline Solids 356, 688—694 (2010).

[2] Gerhard-Multhaup R. Ferroelectrics;75:385-92 (1987).

[3] Koizumi S, Tadano K, Tanaka Y, Shimidzu T, Kutsumizu S, Yano S. Macromolecules. 95,
6563 (1992)

[4] A. Meskini, M. Raihane, B. Ameduri, C. Hakme, D. Sage, I. Stevenson, G. Boiteux, G.
Seytre, H. Kaddami, Eur. Polym. J. 45, 804 (2009).




192

Crystal growth in low density poly(ethelene) observed

by use of ion motion
Y. Anada
Department of Business and Information Systems, Faculty of Business Administration
and Information Science, Hokkaido Information University.
59-2 Nishi-Nopporo, 069-8585 Ebetsu,
Japan
Email address: anada@do-johodai.ac.jp

The knowledge of the crystal growth mechanism of polymer is remarkably developed
by Lauritzen-Hoffman theory." After this theory, the existence of density fluctuation or
ordered structure in the non-crystalline part in polymers have been pointed out>* On
the other hand, an approach of broad band spectroscopy has been made for this matter
recently. In the time development of the permittivity at a constant temperature, an initial
increase of permittivity was observed before an decrease of permittivity.“’5 Although the
decrease of the permittivity is considered to be originated from spherulite growth, the
increase of permittivity is presumably related to the initial stage of crystallization. In
these studies, this phenomenon is investigated by using the dipole of polymers as if it is
a dynamic probe for polymer aggregation. On the other hand, the ions naturally existing
in the free space in polymer may be used as a dynamic tracer to research the mechanism
of this phenomenon. In the previous study,®’ the increase and decrease processes in the
time development of permittivity of low density poly(ethylene) (LDPE) is investigated
by electrical broad band spectroscopy method. The Avrami equation was applied to
permittivity data and the Avrami index were estimated. As the experiment was carried
out only at one temperature in the previous study, the knowledge obtained in the
experiment is limited to consider the crystal growth. In this study, the permittivity was
observed at plural temperatures in order to obtain more information. Other experimental
conditions are the same as before. Melting temperature of the present sample of LDPE
is ca.110 degree centigrade. As a result of experiment, the Avrami index was estimated
at 2.9 in average for the permittivity-decrease process at the three different temperatures,
94, 97 and 100 degree centigrade. The value of the index corresponds with three-
dimensional growth in the inhomogeneous nucleation.® Therefore, it is considered that
the spherullite growth was detected by ion motions. For the permittivity-increase
process, the Avrami index was estimated at 2.4 in average. Although this value is a little
larger than that for the two-dimensional crystal growth, this result suggests that the ion
motion in the initial process is related to the lamella growth.
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The continuing improvement in the microelectronic integrated circuit (ISc) is to a large
extent the result of reduction in the device size. This enables an increase in the device
packing density' in the single chip and the processing speed. An emerging factor that
may disrupt this trend” is the propagation delay and power dissipation within the chip,
due to resistance capacitance (RC) coupling become significant. Several developments
are in progress on vapour deposition of Polytetrafluoroethylene (PTFE) to reduce C, and
to implement high conductive metal to reduce R. Dielectric spectroscopy has proven
very useful for studying the conformation, structure and the dynamic of polymer
system’. Dielectric constant and loss tangent of PTFE sheet with thickness 0.15 mm
have been measured at room temperature by using commercial impedance analyzer with
frequency range from 20 Hz tol MHz. A low dielectric has been observed as a bout
2.1.at 1 MHz.
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The dielectric relaxation behavior of a serie of copolymers membranes of 2-
ethoxyethyl methacrylate (EEMA) and 2,3 dihidroxypropylmethacrylate (DHPMA) has
been studied using broadband dielectric spectroscopy (DRS) in the frequency domain of
102 to 10* Hz and at temperatures between 123 and 473 K. The influence of the
composition on the dielectric properties of the copolymers is described' > °.

The loss permittivity spectra of the copolymer series shows the existence of
almost three relaxations processes in the temperature-frequency range studied. At high
temperature and low frequencies, the isotherms representing the dielectric loss as a
function of frequency show important conductive contribution overlapping the loss
factor. The alpha process, associated with the dynamic glass transition, is resolved from
the dielectric spectra by modelling with Havriliak-Negami (HN) function®*. Moreover,
the secondary relaxations, beta and gamma processes, has been conveniently analysed
in terms of the empirical Fuoss-Kirkwood (FK) equation.

The alpha process corresponds to the cooperative relaxation correlated to the
glass transition and arises from main-chain cooperative micro-brownian motions and
follows Vogel-Fulcher-Tammann (VFT) behavior’. On the other hand, the local beta
process originates from side-chain rotation of the asymmetric side group about the C-C
bond connecting it to the polymer backbone. In the lower temperature range, these
copolymers show one more relaxation, the gamma relaxation, that can be attributed to
the response of the ethoxy group in the side chain.
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Nowadays, the growing environmental awareness throughout the world has
triggered a paradigm shift towards designing environmentally friendly materials. The
interest in cellulose fibers as reinforcement agents in composite materials with polymer
matrices has increased dramatically in the last decades, the main reasons associated with
this upsurge being their renewable and ubiquitous character, good mechanical
properties, low density, low cost and recyclability.

In the present work, several blends containing different types of polyethylene and
poplar seed hair have been obtained by melt processing. The influence of the natural
component amount on the processing, mechanical and dielectric behavior of the studied
bio-composites has been evaluated [1].
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Interest in blending polyethylene with polyamide is due to the differences in their
properties, mainly the barrier properties. Polyethylene transmits oxygen and
hydrocarbons but it is resistant to moisture. Polyamide is highly sensitive to moisture
but a good oxygen barrier. Thus, the main applications of the two polymers are in
packaging films and containers requiring low permeability. Another disadvantage of
polyamides is their low resistance to stress in the presence of sharp notches or cracks,
commonly evaluated as notched impact strength. To overcome this deficiency,
polyamides have been blended with several types of impact modifiers, typically
elastomeric or low modulus type olefinic polymers. Compatibilizers, which reduce the
interfacial tension and stabilize the dispersed structure, can be added to improve the
properties of polyethylene/polyamide blends [1].

In order to improve the compatibility in a polymer blend composed of two normally
incompatible constituents as LDPE and PA6, a small amount of rubbery phase and
different types of compatibilizers have been added, in other words, applying reactive
compatibilization cumulated with the impact modification, because LDPE presents poor
reactivity and PA contains carboxyl and amino- end groups as well as amidic bonds. In
a previous study the efficiency of some compatibilizers upon thermal and impact
properties has been proved [2]. In this work, the compatibilization effect was evaluated
by analyzing the melt processing, morphology and dielectric properties.
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Single as well as multi-components polymer thin films are of great interest because their
properties can be very different from bulk, and directly related to many important
surface phenomena such as coating, adhesion, surface friction and lubrication among
others'. In particular, the nanostructure of thin films of non-miscible polymer blends has
recently created great interest'™. One of the most useful approaches typically used for
studying the polymer distribution in thin films is atomic force microscopy (AFM). This
technique is very versatile and allows measuring the size and distribution of the
different phases in heterogeneous polymer blends. However, AFM measurements are
typically limited to topographic or phase imaging (related with the surface mechanical
properties) which give partial information about the distribution of the polymer chains
in the blend. To overcome this constrain we have studied the nanostructure of phase-
separated polymer mixtures using a recently developed experimental approach that
allows imaging the local dielectric permittivity of thin films by means of electrostatic
force microscopy (EFM)*”. This experimental method is based on the detection of both,
the topography and the electric force gradient at different values of the tip-sample
distance. In this work we analyze by means of EFM the nanostructure of thin films of
polystyrene (PS) and poly(vinyl acetate) (PVAc) blends with different thicknesses and
thermal treatments. We will show that the dielectric response not only is fully
decoupled from the topography, but also gives additional information about each
polymer phase as well as the interphase.
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Poly(ether-ether-ketone), PEEK, is an attractive high performance thermostable thermoplastic polymer
with properties strongly dependent upon crystallinity and morphology. The potential to control thermal
history through processing conditions makes it of interest in the study of structure/properties
relationships. To ensure the amorphous nature of PEEK, DSC analyse gave rise to the step of the heat
flow associated with the thermodynamic glass transition and an exothermic peak due to cold
crystallization.

Morphology of PEEK has been described with a ‘three-phase model’ [1] [2] containing the crystallites,
the mobile amorphous and the rigid amorphous fractions highly constrained by crystallites.

The temperature dependence of molecular mobility of PEEK has already been characterized by Thermally
Stimulated Current (TSC) [3] and Dynamic Dielectric spectroscopy (DDS) [4] [5] [6]. Dielectric
properties were often hampered by dissipative losses due to ohmic conduction. A Kramers-Kronig
transform [7] was used to allow the calculation of dielectric relaxation losses £”xk from the real part €’1(q)
of the complex permittivity obtained by DDS.

Secondary dipolar relaxations have been revealed: they are associated to non-cooperative localized
mobilitys. The main o relaxation, occurring close to the glass transition temperature and following a VFT
equation, was attributed to delocalized cooperative motions of the free amorphous phase. At higher
temperature, the relaxation o has been attributed to the rigid amorphous phase.

The aim of this work is to study the dynamic behaviour of PEEK over a broad dynamic range by
combining DDS and TSC. Results provide a phenomenological model explaining heterogeneity of
amorphous PEEK and improve the knowledge of molecular/dynamic structure relationships.
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Under dc electrical field, induced mechanical stresses are responsible for highly
localized mechanical deformations in Poly(ethylene naphthalene 2,6-dicarboxylate)
(PEN) films and thus have an important participation to the ageing process of these
materials’. The heterogeneity of the structural material response under the application of
an electrical field is shown by using an optical strain measurement technique combined
to the Scanning Electron Microscopy (SEM). By means of the optical technique, the
induced mechanical deformation has been quantified for different distances from the
final breakdown area. The level of the electro-mechanical induced deformation is larger
when approaching the final breakdown zone even for fields much lower than the
breakdown field. This observation relates, in a straightforward way, the local induced
strain to the breakdown phenomenon. Using the SEM technique, the damage on the
sample surface caused by the dielectric breakdown and presented by a small perforation
on the samples surface is shown for samples with different crystallinity degrees. The
results show that the hole diameter depends on the crystallinity degree. These results
confirm several studies and models which have highlighted the role of microdomains in
the ageing mechanism and dielectric breakdown of insulating materials®. Finally, the
effect of the electrical field loading mode on the mechanical response of samples is
presented. In this purpose two loading modes are treated: the gradually increasing step
voltage and the polarization/depolarization modes. At high fields, the level of the
induced deformation is higher for the successive steps application mode as shown in

Fig.1.
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Fig.1 The effect of the electrical field loading mode on the induced deformation
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This work is related to the study of the influence of the nature of the solvent on the
thermal and dielectric properties of solution-cast films of poly(methyl mathacrylate)
(PMMA). Four solvents were used to prepare the films, toluene, dichlorometane,
tetrahydrofuran and acetone. Figure 1 shows the dielectric thermal stimulated
depolarization spectra (TSDC) of the PMMA films prepared with the different solvents
and the compressed molded sample. Similar to the data previously reported by
Kalogeras et.al'!, the figure exhibits a broad secondary relaxation signal, and long-
range conformational changes of the polymer backbone. (A) displays the secondary
relaxations whose intensity and profile vary with the selected solvent. The glass
transition is shown at higher temperaturas (B) as a huge peak, with intensity and
temperature position (Tg) variations among the different solvents. The whole spectra of
the cast samples exhibit evident intensity attenuation as compared to the molded film. A
lower value of Tg is also a common feature among the cast samples. Comparable Tg
trends have been obtained by Differential Scanning Calorimetry (DSC) technique.
Traces of the different solvents are expected to reside in relatively strong binding sites
1 ¢.g., hydrogen bonded to C=0 groups. The measured amount of the remnant acetone,
dichlorometane, toluene, and tetrahidrofuran solvents, obtained by nuclear magnetic
resonance (NMR), is 0.30, 0.40, 9.00, and 14.00% respectively. The samples with
higher solvent contents exhibit lower Tg values. The retained solvent molecules,
trapped inside the PMMA films, affect the dynamics of the segmental and the localized
dielectric relaxations. This effect differs in function of the nature and the amount of the
solvent, and it could be partly explained by acid-base interactions between PMMA and
the solvents].
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Fig.1. Low temperatura (A), and High temperature (B) dielectric spectra of PMMA
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Polymers containing highly polar substituents are of potential interest for the
development of advanced electrical and optical materials'”. Particularly interesting
cases are the combinations of cyano-containing monomers such as methacrylonitrile
(MAN), acrylonitrile (AN), and vinylidene cyanide (VCN) with either captodative or
fluorinated comonomers, recently synthesized by our group3’44 Within this class, we
recently compared the dynamic and thermal properties of the fluorinated methacrylate
homopolymer 2,2.2-trifluoroethyl methacrylate (MATRIF) and its copolymer with
VCN, characterized by dielectric spectroscopy and differential scanning calorimetry
(DSC). The complex permittivity e=g¢'-j*¢” was determined over a wide range of
temperatures (120 K-450 K) and frequencies (1 mHz-10 MHz). Both systems show a
very complex scenario, characterized by three relaxation processes: a slower one, due to
the structural a-relaxation, whose relaxation time has a Vogel-Fulcher-Tamman (VFT)
temperature behaviour, attaining a time of 100 s close to the calorimetric glass transition
temperature Tg. Structural o-relaxation was found much slower in VCN copolymer
than in MATRIF, with Tg=371 K, 40 K higher than for the MATRIF. Larger steepness
or fragility index was also found as well as a broader relaxation shape, all indicating a
more cooperative behaviour. The two faster secondary relaxations 8- and y-, active also
in the glassy state, show a different behaviour: B-one is faster has with a smaller
activation energy for VCN copolymer, while the y-one is very similar in both homo- and
co-polymer. The substitution with VCN causes a larger timescale separation at Tg
between o- and B-relaxation, in good agreement with the Coupling Model prediction,
according to a pattern already observed in a series of PS/BMA copolymers’.
Additionally, for the VCN copolymer, another VFT-like process was found in the same
temperature range of the glass transition, slower than o-one and overlapped by the d.c.
conduction arising from ionic impurities. The total value of the dielectric strength Ae
has been determined and compared to the values reported for similar cyano-contaning
copolymers: comparatively high values of dielectric strength Ae were found, suggesting
substantial piezo or pyroelectric properties, due to the combined contribution of CN
dipoles orientation and the synergistic effect of fluorinated groups.
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This article presents the study of molecular motions of poly(ethylene terephthalate)
(PET) which were mechanically degradated to simulate the recycling process by solid-
state '"H NMR techniques. This polymer have a great commercial and industrial
application in fibers, food containers, bottles, pharmaceutical packagings, toys etc.

The NMR techniques were used to investigate the molecular dynamics. The estimation
of relaxation times in the rotating frame off-resonance 7’ lp”ff for PET was performed on
homemade 30,2 MHz pulse spectrometer by measuring the recoveries of magnetization
at the effective field B, without sample overheatingl’z. The results of measurements
were presented’ as a function of angular frequency and realized at a constant angle ©
equal to 10°.

The spin-spin proton Tgp[)ff relaxation times were carried out on a special unique
homemade pulse spectrometer operating at 30.2 MHz with special NMR probe which is
characterised by high homogeneity of magnetic field. The experiments* were realized at
a constant magic angle © equal to 54,7°.

The estimation of on-resonance T}, relaxation times in rotating frame for PET was also
performed on the same pulse spectrometer. The obtained rates of off-resonance
relaxation times as a function of angular frequency were matched to the equation

— :Esinz(%](we,tc,eﬂi,

T, 4 T,

using the following density function given by Davidson and Cole formula:
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where K = 64:10°° m®%/s? for protons, . is the effective frequency, t. is upper cut-off

correlation time, 6 is the width of the distribution of correlation times and T is the spin-

lattice relaxation time in the laboratory frame.
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The work is devoted to the study of the isotropic films of copolymer of
vinylidene fluoride and tetrafluoroethylene VDF/TFE 94/6 with different thermal
history. One of the samples (1) was prepared by crystallization at room temperature
from the acetone low-boiling solvent. Samples 2 and 3 were prepared by crystallization
from the melt under pressure at various cooling regimes. 100 nm thick Al electrodes
have been deposited by thermal evaporation. Dielectric properties have been measured
in wide temperature (20+160°C) and frequency (10"+107 Hz) range by means of
Novocontrol Concept 40 setup.

It was shown earlier, that in this type of films a huge dielectric dispersion is
observed at high temperatures, which is related to the space charge relaxation'~. On the
other hand, these copolymers are ferroelectrics, and ferroelectric to paraelectric phase
transition, which according to structural data® proceeds near the melting temperature,
should be observed here. Since the space charge relaxation is registered in the same
temperature range, the task was to follow its effect on the electrophysical characteristics
around the Curie temperature. It is known that this transition is accompanied by
dielectric anomalies. We analyzed temperature dependencies of dielectric permittivity &’
at various frequencies of the electric field. The analysis shows that the temperature peak
of &' can be observed only on frequencies above some critical value. For the sample 1 it
is 1 kHz, and the ferroelectric to paraelectric phase transition appears to be the transition
of the first type, since the peak temperature at cooling is lower than at heating. The €'(T)
peak for samples 2 and 3 is observed only at frequencies higher than 10 kHz.

Comparison of the conductivity ¢ in the region of low-frequency plateau for all
films in the state of the melt (at 160°C) shows that it differs greatly. Thus the thermal
history of preparation of the films manifest itself as a memory effect. This leads to the
suggestion that the hysteresis effects for ¢’ and o in the region of the Curie temperature
depend essentially on equilibrium of the structure of the initial film. The analysis shows,
that one can judge about the approach to equilibrium state by generation of spherulites
at crystallization. There were no such structures in the sample 1 in initial state and
consequently we can consider the structure of the film to be far from equilibrium. In
case when the film (in initial state) is crystallized with formation of spherulites (sample
3), the hysteresis in o(T) and €'(T) is essentially smaller. As a consequence, it was
obtained that for the sample 3 ferroelectric to paraelectric phase transition is of the
second type. Estimates show that approach to the equilibrium state of initial films
affects Curie—Weiss constants as well.

References

[1] V.V. Kochervinskii, I.A. Malyshkina, G.V. Markin, N.D. Gavrilova, N.P. Bessonova. J.
Appl. Polym. Sci. 105, 1101 (2007).

[2] V. Kochervinskii, I. Malyshkina. Journal of Non-Cryst. Solids 356, 564 (2010).

[3] V. Kochervinskii, I. Malyshkina, N. Gavrilova, S. Sulyanov, N. Bessonova. Journal of Non-
Cryst. Solids 353, 4443 (2007)

P-25




204

Study on molecular motions and phase separation in
polyEGDM/LBH semi-interpenetrating network

M. Makrocka-Rydzyk', K. Wegnerl, A. Wypychl, S. Jurga1 and E. Andrzejewska2
1Department of Macromolecular Physics, Faculty of Physics,

Adam Mickiewicz University, Umultowska 85, 61- 614 Poznan, Poland
*Institute of Technology and Chemical Engineering, Poznan University of Technology,
M.Sktodowskiej-Curie Sq., 60-965 Poznan, Poland
*Email address: zfmak@main.amu.edu.pl

Highly crosslinked polymers produced
from multifunctional (meth)acrylate monomers
due to their high structural stability, increased
resistance to solvents and improved mechanical
stability have found broad range of applications
including coatings, information storage systems,
spherical lenses and dental biomaterials [1]. The
improvement in mechanical properties of the
material may be obtained through its blending
with elastomer. Semi-interpenetrating polymer
network (semi-IPN), comprising at least one
polymer network and one linear polymer held
together by permanent entanglements (Fig.l),
may be regarded as polymer blend. Such special
kind of polymer blending ensures a significant
improvement in the morphological stability of the
system in comparison with simple blends [2].

The goal of our studies was to determine
the molecular dynamics of semi-IPN compounds,
which have been made by photopolymerization of
crosslinkable ethylene glycol dimethacrylate
(EGDM) in the immediate presence of low Temperature (K)
molecular weight polybutadiene (LB). Samples of
different compositions i.e. 80/20; 50/50 and Fig.2. Isochronal plots of imaginary part of
20/80, as  well as LB a.nd polyEGDM complex dielectric permittivity (€”) at
homopolymers, have been studied by means of 1Hz measured for LBH/polyEGDM
Broadband Dielectric Spectroscopy (BDS). compounds.

The molecular dynamics of semi-IPN
systems reflects the molecular behaviour of neat
LB. The relaxation processes connected with glass transitions of LB (o LB) and EGDM
(0. EGDM) have been found. The decrease of LB glass transition temperature (o. LB),
with increasing amount of EGDM in semi-IPN system, is observed (Fig.2).
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Polymer functionalization involves the inclusion of specific chemical groups covalently
attached to the chain. When functionalizing polystyrene chains with cyano (-CN) functional
groups, the dielectric relaxation strength increases due to the high dipole moment. Earlier
we found that CN-functionalized polystyrenes exhibit overall physical properties (T,
viscosity, etc) similar to the H-functionalized analogs while the dielectric strength nearly
increases an order of magnitude'?. Here the functionalization is used to selectively study
the component dynamics in miscible polymer blends. The system selected was PS/PVME
and by using either PS-H/PVME or PS-CN/PVME mixtures, both the PS and PVME
contributions can be separated out unambiguously. The results shown here are focused on
blends having a low concentration of the fast component (25%PVME), which gives rise to
a strong dynamic asymmetry, i.e. a large disparity in the component dynamics. In this way
we could directly study the relation between the PS dynamics in the blend and the
confinement effects detected on the PVME molecular motions (see Fig 1).
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The aim of this work is to describe changes in ionic conductivity which occur during
the curing reaction. A series of mixtures based on mesogenic epoxies as well as
standard epoxy resins are analysed in the course of curing. In all observed cases the
reaction is accompanied by visible and systematic evolution of the conductivity. The
speed of these changes depends on composition of the mixture and temperature of
curing process and it is connected with changing properties of the material, because
final properties of epoxy resins, both liquid-crystalline and traditional ones, are largely
affected by the method and conditions of curing. Physical properties of a resin undergo
fundamental changes during cure. Initially, when cross-linking density is low, the resin
remains brittle and soluble, even though it begins to solidify. As the density of links
increases, properties of the resin change irreversibly, it becomes non-melting and
insoluble'. In studies on the curing process a method developed by Gillham is often
used, which is based on analyzing changes in vitrification temperature2’3. This technique
is based on correspondence between conversion rate and temperature of glass transition,
which can be verified experimentally®. Beyond traditional methods of studying reaction
progress, it has been discovered that broadband dielectric spectroscopy (DRS) can also
be useful for monitoring these reactions. This procedure was ayplied to various systems,
including epoxy-amine ones, by a number of researchers “6 These studies were
focused on changes in mobility of dipoles during the reaction’. The technique can be
extended by representing experimental data in terms of electric modulus, which enables
tracking of reaction progress also through observation of ionic mobilitys. This approach
proved to be useful, because changes in ionic conductivity are well visible on the plots
of electric modulus vs. time observed in the low frequency range at the temperatures
applied in measurements — relaxation processes are partially visible at high frequencies’.
It was found that in studied systems DRS technique is appropriate for describing
behavior of polymeric materials in the course of curing, because it allowed drawing
conclusions about the reaction dynamics at different temperatures by monitoring of
ionic mobility during the reaction.
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In this work we investigated dielectric response of cured epoxy resins based on biphenyl
groupl. This group often induces liquid crystalline properties in the materials, so
properties of curing product for this type of monomers could be more complex than for
traditional epoxy resins>’. In this research two monomers were used with the same
mesogen but with long and short symmetric tails'. They were cured with standard
amines (DDM, DMAP). Temperature and time of the curing process were established
through dielectric, thermal and optical analysis, for each mixture separately. We tried to
determine rather low temperature of curing, at which the process did not run very fast
but reaction started and continued its progress. For all materials dielectric monitoring
during isothermal cure was done. The evolution of conductivity with time, which could
be observed as a relaxation peak in electric modulus representation?, was easily seen in
all the cases. Small differences in the dynamics of the curing process were observed in
different mixtures. In particular, when the monomers with long aliphatic chains were
used, the changes of conductivity peak were very well seen during the first hour and
then they stabilised and remained practically constant afterwards. This behaviour also
had influence on the dielectric properties of the curing products, for example materials
based on the monomer with short tails needed additional post-curing at a higher
temperature. Although generally dielectric response is similar in all materials,
differences can be seen in the details. At lower temperatures quite high relaxation
process is seen in all products, its low activation energy pointed towards a B-process,
which appears in many polymers’. The Havriliak-Negami formula was fitted to the data
and characteristic parameters of the observed relaxation processes were compared in
detail. These PB-processes are usually attributed to molecular motions of particular
dipolar groups in the system, and in our materials it could be connected with carboxyl
groups in central segments of the monomers. At higher temperatures quite high
conductivity was observed in all materials, which greatly decreased at lower
temperatures (below 100°C). The character of this conductivity drop was similar in all
investigated products. This behaviour could be connected with changes in the properties
of the material and it is also correlated with DSC measurements. The conductivity of all
resins was also obtained from current/voltage characteristic.
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Block copolymers are under great research interest due to their current and potential
applications. Properties of these systems depend on individual blocks characteristics and
on the interaction between the components].

We have investigated three nearly symmetric poly(styrene-b-isoprene) diblock

copolymers: PS(11500)-b-PI(10500)—SI1, PS(45000)-b-P1(46000)—SI2
and PS(135000)-b-PI(131000)—SI3.

Broadband  Dielectric ~ Spectroscopy K sl
(BDS) and Nuclear Magnetic Resonance ik DC
(NMR) studies were performed to TR interfacial

characterize ~ molecular ~ motions  in
copolymers and their neat components. The €
molecular dynamics in copolymers reflects

the molecular behaviours of neat PI and PS.

The observed relaxations are (Fig.1): (a)
primary relaxation (o-processes) due to
segmental motions, relevant to the glass
transition for PI and for PS parts of
copolymer, (b) conformal interfaces ; SI2
relaxation arising from coherently ordered

microstructure? (c) relaxation assigned to re
normal mode motions of PI chains, which
involve the fluctuations of the end-to-end
vector (visible in BDS measurements) and
(d) relaxation originated in the rotation of 0.1
methyl groups (observed only in NMR 2
experiments). It appeared that the flexible T
polyisoprene and stiff polystyrene blocks in Frequency (Hz)
copolymer influence one another in terms of
molecular dynamics. As a result the increase
of the glass transition temperatures (Ty) for
PI chains for all copolymers, in comparison with neat PI, was observed. Moreover, there
is a substantial broadening in the distribution of relaxation times of both: the normal
mode and glass transition processes in copolymers in comparison with neat PI. This
effect is more pronounced for the copolymer of higher molecular weight.

relaxaton NM

Frequency (Hz)

interfacial
relaxation

Fig. 1. Frequency dependence of the dielectric
loss €" for SI1 and SI2 diblock copolymers.
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Aromatic polyimides are considered as
promising materials for gas separation
processes. The most orthodox way to
improve their properties in this field is to
increase fractional free volume (FFV) by
introducing bulky side groups and to
increase at the same time the rigidity of
the main chain, because the use of
structures with high rigidity results in a
strong size sieving ability. In this work,
new polyimides based on monomers
derived from m-terphenyl dianhydride
have been studied. The presence of fert-
butyl or/and pivaloylimino groups in the
central ring (see example in Fig.1) should
bring about both effects (increase of FFV and rigidity) [1,2]. In general, polyimides
obtained from these dianhydrides and commercial diamines, such as 2,4,6-trimethyl-m-
phenylendiamine and 2,2-bis(4-aminophenyl)hexafluoropropane, have shown O,/N,
separation characteristics close to the Robeson limit [2,3].

Fig.1. Molecular modelling of 5'-z-butyl-2"-
pivaloylimino-3, 4, 3", 4""-m-terphenyl
dimethylimide.

The high gas permeability of these polymers is in agreement with its high FFV.
However, no direct correlation has been found between FFV and permeability
parameters. This fact seems to indicate that the diffusivity of these polyimides is not
controlled only by the global FFV but also the distribution of free volume elements
(holes). It is known that the diffusivity of a gas molecule in an amorphous matrix can be
described by a jumping-mechanism between neighbouring holes through the temporal
opening of channels by thermal fluctuations of the matrix. In glassy state, sub-glass
relaxations are responsible for these fluctuations. Thus, we present a comparative study
of the dielectric relaxation behaviour of this family of polyimides in order to get a better
understanding on how bulky pendant groups influence on molecular motions and their
potential relationship to gas transport process.
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In recent years, the possibility of fabricate polymer based ferroelectric memories has
drawn attention into Poly(vinylidene fluoride) and its copolymers with trifluoro
ethylene P(VDF-TrFE). Due to the technological necessity of miniaturization of the
devices, investigations are nowadays concentrated on the dynamic and static properties
of P(VDF-TrFE) nanoscale systems, such as Langmuir Blodgget, thin films or
nanoimprinted samples. However, from a dynamical point of view, there are still many
fundamental open questions on the bulk systems. Understanding these effects may
provide some hints about the nanoscale confinement impact on the technologically
usable properties of these ferroelectric polymers.

In these work, we present Broad Band Dielectric Spectroscopy results on a series
of P(VDF-TrFE) copolymers where the concentration of TrFE ranges from 0 to 40%.
The relaxation map of this series of samples is rather peculiar, since exhibits a
continuity across the studied temperature range of the relaxation time of processes with,
in principle, very different origin: subglass local motion, segmental relaxation and ferro-
to para transition.
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The thermally stimulated discharge current (TSDC) method allows us to study the
dielectric relaxation in low mobility materials. On of the inconveniences is the fact that
the method is sensitive to both dipolar and space charge (SC) effects. To overpass this
inconvenience we have proponed a variant to this method, namely the final thermally
stimulated discharge current (FTSDC) technique, to analyze charge trapping/de-
trapping and transport in insulating materials [1]. The aim of this work is to analyze
space charge relaxation in polyethylene terephthalate by using the final thermally
stimulated discharge current method. It is known that for a polarized material the decay
of polarization during the isothermal discharge step, for a dipole characterized by a
relaxation time 7; and a saturation polarization Py, is given by

t t
P(t.,t,)=Fy {1 - exp(_;)} exp(——4)

Tk Tk

where ¢ is the charging time and 7, is the discharging time. By decreasing the value of
t. and by increasing the value of 74 the experimental conditions can be selected so that
the FTSDC is mainly determined by the space charge de-trapping [2, 3]. Actually, by
choosing the values for 7. and 7,; we control the maximum value of the relaxation time 7
still active in the discharging process and the maximum current related to dipole
randomization. Consequently, by diminishing significantly the contribution of the
dipole randomization to the measured current the effects related to space charge
relaxation can be studied.

The main concern will be dedicated to answer the question: what relaxations can be
observed above the glass transition temperature?
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Phosphate and borate based silver ion conducting glasses provide a useful means of releasing
silver ions incorporated into the glass network in a controlled manner. The antibacterial effect
of the silver ions is the reason for their varied applicability in healthcare products[]]. We
investigate electrochemical processes in silver doped phosphate and borate based glasses
during electro-thermal poling. In the electro-thermal poling technique, a dc voltage is applied
to the material for a time interval at a specific temperaturem. The applied voltage causes
movements of the silver ions and leads to the formation of a silver depleted layer under the
anode and a silver enriched layer under the cathode. When the glass is cooled down the
surface charges are stored in the material. By means of impedance spectroscopy, the effect of
electro-thermal poling on the differential capacitance and conductivity of the silver ion
conducting glasses is investigated. In order to differentiate between the capacitance of the
anode and cathode, blocking and non-blocking electrodes are used. Non-blocking electrodes
are subject to dissolution or growth processes whereas blocking electrodes are inert. The
injection of silver ions from the non-blocking anode into the glass causes changes of the
morphology of the interfacial boundary between the solid electrode and the glass”!. The
complete injection of silver ions leads to the formation of air gaps between the electrode and
the glass. We discuss the usage of different electrode materials with respect to the impedance
spectra during electro-thermal poling.
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Fig. 1: Antibacterial effect of silver ion conducting glasses
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Tonic liquids (ILs) and their mixtures with molecular liquids are of interest as electrolytes for
electrochemical cells, such as thin-film batteries, supercapacitors, fuel cells, and dye solar
cells."! The addition of molecular liquids to ILs leads, in general, to a decrease of the
viscosity and to an increase of the ionic conductivity. After additional dissolution of lithium
salts in such mixtures, fast lithium ion transport is expected.

While the linear electrical properties of ionic liquids and of mixtures are well studied, there
are up to now no studies on nonlinear ion transport and dynamics under the influence of high
electric fields, which are present in thin-film batteries.

Here, we investigate the nonlinear ionic conductivity of mixtures containing low
concentrations of ILs in molecular solvents. At low IL concentrations, the dissolved ions
should be isolated, and it should be possible to use them as probes for studying the dynamics
of the solvent molecules. For the nonlinear conductivity spectroscopic measurements, we
apply high ac fields and analyse higher harmonics in the ionic ac currents.
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Fig.1: Typical ionic liquid under the influence of an electric field.
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Room temperature ionic liquids (RTIL) are organic salts with outstanding properties,
such as a wide electrochemical window, good chemical and thermal stability, and very
low volatility. Due to their high safety performance, ILs are a promising class of
electrolytes for future power sources and electrochemical devices. The gelation of ILs
by the addition of nanoparticles result in interesting properties. These new solid
electrolytes exhibit forming ability, transparency and flexibility, and can be used
as electrolytes for high performance dye-sensitized solar cells (DSSCs)'.

The ionic transport and viscoelastic properties of these nanocomposite ion gels depend
on their microstructure. The formation of the gels is controlled by the physical-chemical
properties of the solid-liquid interface.””

In this work we investigate the influence of the surface chemistry on the formation
process and the ionic transport properties of ion gels. The study of the behaviour of such
complex dispersed systems requires use of several complementary characterisation
methods. An important aspect of the gelation effect is agglomeration of nanoparticles. A
visual approach to studying the arrangement of particles and size of clusters is a statistic
analysis of TEM micrographs. A comparison between the experimental observation and
theoretical predictions of computer simulations* contains a reference to the interacting
forces among the colloidal particles. To gain more information about the particle charge
in ionic liquids, we added an imidazolium based IL to different silica suspensions and
studied the surfactant property of the IL by measuring the zeta-potential. The
translational self-diffusion coefficient of IL cations and anions in the gel were obtained
by means of PFG NMR. A comparison of diffusion data and ac conductivity
measurements, which can be related via the Nernst-Einstein equation, provide estimates
of ionic association.
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Hydrated ammonia plays an important role for the dynamics of some icy worlds in our
solar system [1,2]. However, little is known about the low-temperature dynamics of
ammonia water mixtures. These could play an important role in cryo-vulcanism, calling
for laboratory studies of this system.

At moderately low NH; concentrations the mixtures with H,O can be readily
supercooled [3]. In the present work the dynamics of these ionic liquids was studied
mostly using broadband dielectric spectroscopy, roughly up to the dihydrate
composition. Comparison of our results is made with those from diffusion studies and
from other hydrated glass formers [4].

At still lower ammonia concentrations NHj vitrification is strongly impeded by a large
crystallization tendency of the doped ice system. Here, ammonia acts as an impurity
generator in ice thus introducing various kinds of defects in its hexagonal crystal lattice.
The presence of defects breaks the ice rules locally thereby speeding up the proton
dynamics. The concentration dependence of these effects is discussed.
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Technology of deposition of metal layers on different types of wovens has been of
strong interest latelyl’z‘ Especially interesting is use of thin metal layers to shield the
electromagnetic fields® and biological filtering. Wovens have extremely developed
specific surface and deposited metal layers will have it as well, what highly improve
screening or filtering properties®.

In the paper, we report on dielectric properties of Zn-ZnO-polypropylene fabric
composite. The dielectric parameters vary depending on the parameters of the plasma
generating process. Measurements of the complex admittance of the composites were
performed in the frequency range between 40 Hz and 15 MHz.

This publication was prepared with the key project — POIG no. 01.03.01-00-006/08 co-
financed from the founds of European Regional Development Found within the
framework of the Operational Programme Innovative Economy.
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Nowadays, room temperature ionic liquids (RTIL) are much more developed than the
first ionic liquids described in the early 20" century. A wide range of possible cation —
anion combinations leads to RTIL with specific properties for nearly every use.
Compared to common organic solvents used in synthesis and analytics, RTIL exhibit
attractive advantages like lower volatility and combustibility, intrinsic high ion
conductivity and high thermal and chemical stability. These properties qualify ionic
liquids as solvents for electrochemical applications, for example to obtain nano-
structered surfaces as thin films by electrodeposition'. Nevertheless, the electrochemical
properties of RTIL have not been investigated exhaustively yet. In particular, their use
as electrolytes requires an electrochemical window as broad as possible. In recent
studies, the influence of several impurities has been investigated by means of cyclic
voltammetry. The absorption of water as ubiquitous impurity in even hydrophobic RTIL
is of great interest and has been studied for several ionic liquids at different
temperatures. Depending on the composition of the RTIL, a dramatic decrease of the
electrochemical window has been reported, especially for ionic liquids based on
hexafluorophosphate-anions [PF¢]” % There are also indications that an increase in
temperature might have the same effect on the electrochemical window. As the thermal
stability of ionic liquids is quite high in general, the electrochemical stability at elevated
temperatures needs to be investigated to ensure save technical applications. In order to
investigate the temperature-dependence of the electrochemical window, several samples
of RTIL based on the electrochemically stable tris(pentafluoroethyl)trifluorophosphate
anion [FAP] were subjected to cyclic voltammetry at different temperatures. To this
end, a home-made measurement cell was used affording temperature-control above
ambient temperature.

Fig.1. Components of the investigated RTIL: 1-butyl-1-methylpyrrolidinium cation, 1-ethyl-3-
methylimidazolinium cation, tris(pentafluoroethyl)trifluorophosphate anion
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Lithium electrolytes, based on mixtures of alkyl carbonates or non conducting polymers
with lithium salts, have been studied for several years. They are widely used as liquid or
gel-like electrolytes’.

We report new polyelectrolytes which overcome some of the drawbacks of the systems
mentioned above, such as leakage problems and physical instabilities of the gels. These
imidazolium bis(trifluoromethanesulfonyl)imide (TFSI) based electrolytes are
polymerized ionic liquids (IL), showing most of the advantages of IL, such as thermal
and electrochemical stability as well as high ionic conductivity.

In addition to previous works®, our major attention is an enhancement of the lithium
transference number. Promising strategies are the immobilisation of imidazolium
cations in the polymer chain, usage of new lithium salts with weakly coordinating
anions® and addition of suitable zwitterions™".

Also the correlation between the microstructure of the polymers and their conductivity
properties is of special interest. In addition to a comprehensive structural polymer
analysis, we investigated the electrochemical and conducting properties by CV, ac
impedance spectroscopy and pulse field gradient NMR.

|enuajod
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Fig. 1. Schematic depiction of an imidazolium based polyelectrolyte and a potential landscape.
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Ionic liquids (IL) have received increasing attention as neoteric “green solvents” and
have been widely applied to fields such as chemical reactions, separations, and
electrochemical applications. Recently, IL-based microemulsions have become highly
concerned', which show notable advantages over the traditional ones in the preparation
of nanoparticles as well as interesting microstructures'”. The microstructure and the
formation mechanism of this kind of microemulsion are still less understood. In this

regard, dielectric study is highly desirable.

Dielectric measurements were carried out on bmimBF4/TX-100/Toluene mixtures in
this work. By changing the fraction of the components, the microstructures of the

mixtures change from IL-in-0il type via
bicontinuous to oil-in-IL?, Fig.1 shows the
dielectric behaviors of these three different types
of microemulsions. The obvious difference
between different types of microemulsions is a
result of the change of their microstructures. The
IL-in-oil type microemulsion is more interesting
than the others, because IL is confined in a
nanosize space where long-range conductance is
forbidden. Therefore, the dielectric behaviors of
IL droplets are expected to provide valuable
information on the mechanism of ionic
polarization of IL, which is far from well
understood.
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Success in the development of high-conductive polymer electrolytes (PE) for all-solid-
state lithium and lithium-ion batteries depends on finding a way to form new crystalline
structures. These structures promote cation transport decoupled from the segmental
relaxation of the host polymer and have enhanced inter- and intrachain mobility of Li+.
The main goal of this study is to investigate the influence of homogeneous/gradient
magnetic field (HMF/GMF) and aromatic dipeptide nanotubes (ADNT) filler on
morphology, conductivity and dielectric properties of polyethylene oxide (PEO) - based
lithium triflate (LiCF3SOs3) polymer electrolytes.

Dielectric properties of the materials were investigated using Broad Band Dielectric
Spectrometer (NOVOCONTROL BDS 80) in wide frequency (0.1 Hz - 1 MHz) and
temperature (-100 °C = 55 °C) ranges. Casting of LiTf:P(EO);-ADNT under a gradient
magnetic field (GMF) created by NdFeB magnets, resulted in additional conductivity
enhancement and changes in dielectric spectra of the material.

The results of the dielectric measurements together with PE characterization by a
variety of techniques (HRSEM, MDSC, XRD, FTIR, NMR) furnish insights into the
mechanism of crystallization and ion conduction in ordered helical-type polymer
systems.
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Electric properties were scrutinized in double potassium yttrium orthophosphates
K3Y (10 Yby(PO4), (x=0.01, 0.05). Both compounds were synthesized by means of solid
phase reaction by sintering a stoichiometric mixture of the initial orthophosphates. of YPOy,
K3PO4 and Yb,03 at 1200 °C for 4 hours. The obtained orthophosphate were melted in closed
platinum-rhodium tube in the argon atmosphere at 1440 °C.

Electric permittivity and dielectric loss measurements have been performed on
polycrystalline samples in the temperature range -50 °C — 120 °C and frequency range 1kHz —
IMHz by means of HP 4282A impedance meter. Samples were made as pellets 10 mm in
diameter and about 1-2 mm thick. Copper-foil electrodes were affixed to the prepared pellets.
Before experiment, samples were annealed at a temperature of 170°C in vacuum in order to
decrease the amount of water absorbed from the air thus a number of electric charges is also
reduced rather substantially. The frequency and temperature dependence of electric properties
were analyzed by theoretical models of dielectric relaxation in order to obtain information
abut molecular dynamic of our solids in external electric field.
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The negative hydration is understood as increase in mobility of water molecules in the first
sphere of ions (in terms of Samoilov’s theory). Most brightly its features can be displayed
in KI and Csl aqueous solutions. We studied complex dielectric permittivity (&' and €") of
KI (0.5, 1.0, 2.0, 3.0, 4.0 m) and Csl (0.5, 1.0, 1.5, 2.0, 2.4, 2.75 m) aqueous solutions at
temperatures 288, 298, 308, 313, 323K in the frequency range of dispersion of dielectric
permittivity of water and solutions. Measurements were carried out by the method of thin
dielectric rode in a waveguide at frequencies 7, 10, 13, 16, 19, 22, 25 GHz. The low-
frequency (1 KHz) specific conductivity was measured to calculation of ionic losses. At
high concentration especially at higher temperatures and low frequencies the contribution
of ionic losses is high, therefore accuracy of determination of dipole losses, static dielectric
constant and dielectric relaxation time is lower.

One relaxation process observed in the investigated solutions that described by the Debye
or Cole-Cole equations. The values of static dielectric permittivity (gs) characterizing the
electrostatic contributions to hydration of ions are calculated with use of the experimental
data of high-frequency permittivity and dipole losses. The decrease of eg values occurs with
KI and Csl concentration increase. For concentrated solutions the values of static dielectric
permittivity at 298K reduce to ~40-50, whereas in pure water £s ~80. As ionic radius Cs" is
more than ionic radius K' the decrease of 5 values is expressed more poorly in the case of
Csl solutions. The temperature coefficient of &g is equal to zero in high concentrated
solutions, and probably changes a sign in case of KI solutions.

The values of dielectric relaxation time (t) reflecting the changes of water molecules
mobility in hydration shells of cations and anions are found. In KI and Csl solutions ©
decreases with salt concentration. In case of Csl solutions the decrease of T is weaker.
Using the Eyring theory of absolute reaction rates the values of activation enthalpy (AH,"")
of dielectric relaxation process were calculated from temperature T dependences. AH,™
decrease for all investigated solution. The reducing of © and AH, " values testifies to
structure breaking effect of initial water H-bond net. It appears stronger in comparison with
other similar systems (KOH, KCI) and it is caused by the maximal negative hydration of
cations K™ and Cs” and anion I" which do not form hydrate complexes in solution. Thus
iodide-anion is the strongest breaker of water structure among other anions. Character and a
sign of concentration dependence of t change at higher temperatures and high salt
concentrations when initial water structure is disturbed by thermal. In this case the
hydration interactions of ions are more pronounced. They cause increase of t values and
probably the transition from negative to positive hydration of ions in potassium iodide and
cesium iodide solutions occurs at temperatures 313-323K.

This work is supported by the grants of Presidium RAS and RFBR N 08-03-00095




Characteristic hopping lengths and molecular
volumes of imidazolium-based ionic liquids
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Translational diffusion in bis(trifluoromethylsulfonyl)imide-based glass-forming ionic
liquids (ILs) is investigated in a wide frequency and temperature range by means of
Broadband Dielectric  Spectroscopy (BDS), and Pulsed Field Gradient Nuclear
Magnetic Resonance (PFG NMR) [1-3] as shown in Fig. 1. It is experimentally shown
that in the time-scale characterizing the cross-over from sub-diffusive to diffusive ion
dynamics, the hopping lengths are of the order of molecular diameters determined from
quantum-chemical calculations [3]. This provides a direct means — via Einstein-
Smoluchowski relation — to determine diffusion coefficient by BDS over more than 8
decades unambiguously and in quantitative agreement with PFG NMR measurements.
Unprecedented possibilities in the study of charge transport and dynamic glass
transition are thus opened.
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Fig. 1: (a) Diffusion coefficients determined from

broadband dielectric spectra (open symbols) upon applying the Einstein-Smoluchowski
equation for a series of ionic liquids based on bis(trifluoromethylsulfonyl)imide anion as well as
the diffusion coefficient measured by PFG NMR (filled symbols) versus inverse temperature.
Inset: the effective number density of charge carriers as a function of inverse temperature. (b)
The experimentally obtained hopping lengths (upon combining PFG NMR and BDS) versus the
sum of molecular volumes of anions and cations obtained from quantum chemical calculations
for the different ionic liquids based on the same bis(trifluoromethylsulfonyl)imide anion. The
calculations are carried out in the temperature ranges spanned by both techniques. The mobility
at two selected temperatures are also compared to the computed volumes.
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The dielectric properties of a Polaron process present in KTaNbO; crystals were
measured (10'2—10(’Hz, at 300-375 °K) using Broadband Dielectric Spectroscopy. An
analysis was then performed utilizing dielectric theory and the insight provided through
the Kirkwood-Frohlich molecular models'. At the same time, the theoretical parameters
of such small Polarons have been well studied using the simple Holstein model*.
Combining these two very different approaches, based on comparing them in terms of
free energy, gives rise to many new insights, including a new definition for an electron
hopping Kirkwood correlation factor. These insights were then tested by using
hydrostatic pressure (up to 7.5kbar) to gently perturb the system and observe the
outcome in terms of the Cole-Cole a(/n7) behavior. The Polaron dynamics, as reflected
through the dipolar correlations and free electron carrier concentrations, can thus be
accurately monitored from a dielectric standpoint.
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The sensitivity characteristics of metal-oxide ceramics' have been extensively
investigated in recent years. The metal tin dioxide (SnO») is well-known material for
various applications including preparation of semiconductor devices such as gas
sensors>** humidity sensors™ and varistor®'’, Sn0,—C0304~Nb,O5—Cr,O3 ceramic
material exhibits not only varistor properties discussed in the literature but also
humidity-sensitive properties. The objective of this work was to investigate the
structural and dielectric characteristics of stoichiometric quantities of ceramic system
Si0,-Fe;03-Mo0O; added of V,0s through reaction of the solid state. The ceramic
system was prepared by solid state method (SS) in a planetary high energy ball milling
(BM) (Fritsch Pulverisette 7). Stoichiometric quantities of SiO, (Aldrich, 99.8%), Fe,O3
(Vetec, 97%), MoOs (Vetec, 99%) V,0s (Aldrich, 99.9%) were wet milled with alcohol
during 3h with a rotational speed of 370 rpm and then sinterized at 1300°C during 1h in
a conventional furnace with a rate of 5 °C/min, where a heating ramp at 450°C during
1h was used to remove any gas present in the samples. The samples A (SiO,-Fe,;Os-
MOO3), BV (SiOz—FCzO3—MOO3 + 0.3% welgh Vsz) Cv (SiOZ—F6203-MOO3 + 0.5%
weigh V,0s) and DV (Si0,-Fe;03-MoOs + 0.7% weigh V,0s) were studied by X-ray
diffraction (XRD) and dielectric measurements with temperature variation. The
presence of nanocrystals was confirmed by X-ray diffraction. Dielectric measurements
and loss in the 10" - 10° Hz frequency range, with temperature variation (30, 40, 50),
have been performed to compare whether there were improvements in the ceramic
system with the V,0s addition and which presented the best result.
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The knowledge of the time scales of molecular motions is needed for a better
understanding of the amorphous solid state. The quenching of a disordered system down
to below the glass transition temperature, Tg, often results in a glassy state (non-
ergodic). This non-equilibrium situation induces structural relaxation, i.e. drives the
system towards lower free energy states of the landscape, giving rise to time dependent
changes of several properties of the sample. This is denoted as “physical aging” given
that no chemical reactions occur in such a process. Understanding aging behavior is also
an important point in the context of the physics of the amorphous solid state.
Room temperature ionic liquids (RTIL’s) formed by large unsymmetrical ions, show a
low value of the lattice energy when compared with ionic crystals and, like other
inorganic and organic substances, exhibit a strong tendency for supercooling. Despite
the very strong increase of the research activity on RTIL’s in the last decade, the
published studies on the molecular mobility in the amorphous solid state, and in the
supercooled liquid region are scarce. Some of the exceptions are studies by “C-NMR
and "H-NMR', and more recently by dielectric relaxation spectroscopy (DRS)H. In
addition, since it is believed that the charge transport in these materials is assisted by the
glassy dynamics, a deeper insight on the slow molecular mobility in the glassy state of
those materials should be desirable.
In this work the relaxations on some imidazolium ionic liquids derivatives (figure 1) in
the glassy state have been studied by the Thermally Stimulated Depolarisation Currents
(TSDC) technique, and the obtained results will be reported. Some DSC results on the
same systems will also be presented.
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Fig.1. Molecular structures of BmimCl, HmimCl and OmimCl.
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In a recent article’ M. M. Costa at all repor about the same material added with PbO (0, 3, 5
and 10 wt.%). In the present work, the preparation of a layered magnetic ceramic oxide
Ba,Co,Fe ;05 (Co,Y) added with Bi,Os is described by the solid state reaction method in the
frequency range 10Hz to IMHz were measured at several temperaturas in the range Of 313 to
493K. X-ray diffraction (XRD) technique was used to study the structural properties. The
complex-plane impedance spectra indicate that the material can be represented by a two-layer
leaky capacitor which corresponds to the bulk and the grain boundary phenomena at high and
low frequecies respectively. The dependence of impedance and condutictivy on temperature
and frequency are discussed using the complex impedance spectroscopy (CIS) technique.. The
study of the dielectric property of ferrite materials, as a function of temperature, are important
for microwave absorption applications. The protection of sensitive circuits from the
interference of external microwave radiation, is an important technological application of these

materials.
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Niobium oxide has found important technological applications, due to its
physical characteristics, such as: stable electrical parameters, high dielectric constant,
reduce ignition and due to their wide availability, lower cost is a present advantage [1].
It is known that the properties of Nb,Os strongly depend on the synthesis procedure. In
the present work, sol-gel technique was used to develop Nb,Os amorphous powders.
These powders were them heat-treated at several temperatures between 400 and 1200°C.
The XRD patterns of the treated powders reveal the formation of Nb205 in different
crystalline structures. For treatments temperatures below 900°C the Nb,Os
orthorhombic phase was detected and for treatments above 1000°C the phase detected
was monoclinic. For heat-treatments at intermediate temperatures the two crystal phases
were observed. The Raman and FTIR spectroscopy results confirm the XRD patterns.

The electric measurements showed that the sample with monoclinic structure
presents the lowest dc and ac activation energy. The sample treated at 900°C, presenting
the both crystal structures, show the highest dielectric constant (¢e=94 at 1kHz and
300K) and the 800°C orthorhombic sample shows the lowest dielectric loss. The
dielectric spectroscopy analysis reveals, using the modulus formalism, the presence of a
relaxation mechanism at low frequencies whose relaxation time decreases with the
increase of the treatment temperature. These results were related with the morphology

characteristics obtained by SEM microscopy.
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It is well know that alkaline and/or earth-alkaline niobates such as NaNbO3 and
BaNb206 exhibit interesting physical properties and several applications of them were
proposed in the literature

While the NaNbOj; is a material that shows a very good combination of
electrical, mechanical and chemical properties required for technological materials [1]
the BaNbyos-based compounds are receiving great attention as a new ferroelectric
tungsten bronze niobate material [2]. On the other hand, phosphate glasses have unique
properties and especially they have low thermal melting, softening temperatures and
high thermal expansion coefficient. Tungsten based materials are well known by their
optical properties.To our knowledge there is no work in the literature reporting on the
glasses containing the above components. According to the chemical compositions, these glasses
and/or their glass-ceramics are expected to have high permittivity and could be used as the dielectric
energy-storage materials to fabricate high energy density devices. This work deals with the
elaboration, thermal analysis, density measurements, X-ray diffraction (DRX), Raman
and infrared (FTIR) spectroscopies, scanning electron microscopy (SEM) and dielectric
properties of the (1-y)[Baw.i59Na@.7x)NbsWxO15]-yP20s  glasses.  Controlled
crystallization of them under different heat-treatment temperature was carried out based on their
thermograms DTA. X-Ray diffraction analysis has permitted to identify the phases. The
correlation between the structure and the physical properties such as dielectric parameters shows
that the thermal history of the glasses is an important influence task for controlling these
properties.
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The CaCusTisO;, (CCTO) is a material, with a perovskite structure, that has a very high
dielectric constant (g, ) and good temperature stability over a wide range, from 100 to 600
K'? and frequency up to 10° Hz. Because of its impressive dielectric constant, reaching
values higher than 10* at | MHz, CCTO has a high potential for technological applications,
in particular memory devices, capacitive components and microwave devices, due to the
decrease of dimensions needed in microelectronic equipment’.

Huge ¢, values have been measured in both single crystals and ceramics®, and, in spite
of the intense debate, it is not clear if this effect is an intrinsic property of the material
or if it can be related to extrinsic effects. Even though it is clear that the preparation
method and doping has a great influence on the microstructure and dielectric properties
of this material.

In this work we describe the preparation of CCTO fibres by laser floating zone
technique (LFZ). Using gradually lower pulling rates we could observe the evolution
from poly- to single-crystalline fibres.

The samples have been studied by X-ray diffraction, scanning electronic microscopy,
energy dispersive X-ray spectroscopy and AC impedance spectroscopy. Microstructure
of poly- and single-crystalline CCTO has been analysed and correlated with the
dielectric relaxation parameters calculated using the Cole-Cole model’. The polaronic
stacking fault defect model, proposed by Bueno et al.’, which reconciles the opposing
views of researchers on both sides of the intrinsic versus extrinsic, was also used to
explain the dielectric behavior of poly- and single-crystalline samples.
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In this work we elaborated a ceramic with zirconia doped with rare earth oxides
(neodyme, samarium, ytterbium, gadolinium and thulium). Samples were pressureless-
sintered at 1200°C for 24 h, from powders finely ground in a mortar. The electrical
conductivity of the samples was investigated by dielectric spectroscopy over the range of 0.01
Hz to 1MHz by means of NOVOCONTROL spectrometer from 453K to 473K. The
activation energies of the charge carriers , determined from an Arrhenius law vary 0.72 eV to
0.82 eV for the doped samples while it is 0.93 eV for the not doped sample. The conduction
in this type of materials is assigned, at high-temperatures, to oxygen vacancies. The doping
that not exceed 5%, allowed to lower the barrier of energy until 29 % of its initial value. We
attempt to correlate the decrease of activation energies to the disorder introduced in the

samples of zirconia.
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Abstract

“errites are used for components to make electrical and electronic circuits including transformers
nductors, switching elements, microwave circuits, and other high-frequency apparatus. Such
naterials are conventionally formed by sintering. This technique is complex, time-consuming and
rormally difficulties are encountered in producing ferrites to meet performance specification due tc
he variability inherent to the sintering technique. Recently, interest in the study the properties of
srystallites inserted in a glass network has been shown. In the present work (100-2x) SiO,-xFe,Os-
<ZnO (mole %) glasses, with x=2.5, 5 and 10, where prepared by the sol-gel method. These glasse:
were heat-treated, in air, at 500 and 800°C. In the 500°C treated samples was confirmed, by X-ray
liffraction (XRD), the presence of nanosize crystals of hematite and ferrite. However, in the 800°C
reated samples seems to be only present ferrite nanosize crystals. The morphology of these sample:
vas studied by scanning electron microscopy (SEM). The dielectric analysis of theses samples, at
‘oom temperature, show different behaviours at 500 and 800°C. The sample with 10 mole % of
nO+Fe,Os presents an anomalous behaviour. The dc conductivity measurements show that the

onic conduction in these glass-ceramics depends on the number of Zn*" ions structurally inserted ir
he glass matrix.
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High dielectric permittivity has been found on the oxide CaCu3Ti40,, (CCTO),
in the order of 10° at 1 kHz and room temperature, being nearly constant to
temperatures until 300 °C [1]. These characteristics lead this material to be useful in a
high number of technological applications, including the miniaturization. However, the
high dielectric constant (&) is also accompanied by a relative high dielectric loss (tan J).
The physical explanation for the high dielectric permittivity behaviour is actually an
open question. Some researchers suggest that this behaviour is intrinsic [2-3], while
others attribute to extrinsic effects [4-6]. Among the last ones, the barrier layer capacitor
model (BLC) is commonly accepted. It is believed that insulating surfaces are formed
on semiconducting grains during the sintering process. This kind of microstructure
causes the electric charge accumulation at the grain boundaries, and consequently, a
large number of these boundary barrier layer capacitors can explain the colossal
permittivity observed for CCTO.

In this work, the change of the dielectric behaviour of the CCTO samples due to
the introduction of a material with low dielectric permittivity (TeO,) is the main goal.
Thus, the composites (x)CCTO:(1-x)TeO,, with x=0, 5, 10, 25 and 50% (%wt) were
prepared by solid state reaction and then submitted to controlled heat-treatments at
temperatures between 800 °C and 1050 °C. The samples structure was analyzed by X-
Ray Powder Diffraction (XRD), the morphology by Scanning Electronic Microscopy
(SEM), and Energy Dispersive Spectroscopy (EDS) was used to differentiate the
chemical distribution of the grains and of the grain-boundaries. Dielectric spectroscopy
measurements were performed in the frequency range between 40 Hz and 110 MHz as a
function of the temperature (100 to 500 K). Dielectric measurements, at room
temperature, in the microwave range were also performed.
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Abstract

Sb,03-Te0,-B,0; glasses mixed with different concentrations of TiO, (from 0 to 2.0
mol %) were prepared. These glasses were characterized by XRD and scanning SEM.
The dielectric constant (¢'), dielectric loss (tan 8) and a.c. conductivity o, over a wide
range of frequency and temperature have been investigated. The XRD studies and
SEM pictures have clearly indicated that the samples prepared were amorphous. The
variation of dielectric loss with temperature exhibited dielectric relaxation effects.
The observed relaxation have been analyzed by a pseudo Cole—Cole plot method and
the spreading of relaxation times has been established. With the help of the optical
absorption and ESR spectra, it has been identified that titanium ions co-exist in Ti**
state in addition to Ti*" state in these glass matrices. Tellurium ions and Ti** are
assumed to be responsible for the relaxation character of dielectric loss. The dielectric
parameters (¢' & €”, and G,.) are found to increase with the rise in the concentration of
TiO; up to 2.0 mol %, indicating an enhancement in the concentration of Ti** that take
part as modifying ions. These studies have indicated that as the concentration of TiO»
is increased up to 2.0 mol%, the insulating strength of the glasses decreases. The low-
temperature part of the a.c. conductivity which is observed to be nearly temperature

independent has been explained on the basis of QMT model.
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Dynamics of ionic liquids based on different cations
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ABSTRACT

We present a study of the dynamics of molten salts, so called (room temperature) lonic
Liquids (IL), which are usually a combination of an anion and an asymmetric organic cation
that are liquid even below room temperature. The IL studied can be supercooled and
eventually reach the glass transition when cooling or applying pressure [1,2]. Their dynamics
are nicely probed by means of dielectric spectroscopy, being the electric response dominated
by the ionic conductivity, showing a VFT dependence of the dc ionic conductivity, and
secondary relaxations below T, [3]. When the alkyl chain of the cation is long we find the
same qualitative and quantitative dynamic behaviour as molecular glass formers, as
supercooling the samples either by reducing temperature or under high pressure, apparently
unaffected by Coulomb interactions [4,5]. Dielectric measurements performed on a short alkyl

chain cation, the EMIM TF;N, will be analyzed in the search of any Coulomb fingerprint.
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A time domain reflectometry (TDR) is used to determine complex dielectric permittivity
spectra, in the frequency range 10 MHz to 20 GHz for aqueous Electrolyte solutions. The
static dielectric constant, relaxation time and conductivity were determined using
nonlinear least squares fit method. Further from static dielectric constant, hydration
numbers were determined by using measured solutions density at different temperatures
and concentration.

Keywords: Dielectric permittivity, TDR spectroscopy and mixed solvent,
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The molecular mobility’s of a-relaxation is studied by thermally stimulated depolarisation
currents (TSDC) in the semi-crystalline parylene C. The activation energy of a motional
process is calculated from two different procedures require a single partial polarisation (PP)
experiment. The two procedures are based on the influence of the heating rate on the
temperature location 7y, and on the intensity of the maximum /(71,) of the PP peak. Moreover,
from the maximum intensity peak (7)) at the glass transition region, the cooperatively
rearranging region (CRR) size (Vcgrr, o) proposed by Adam and Gibbs as well as the
characteristic length ({crr )" of the cooperatively region could be estimated. To provide a
reliable means of correlating dynamic (m and 7y) and thermodynamic (ACp and 4H,,) variable
on parylene C, the fragility index m (Angell’s scale)™* is calculated from TSDC data and the
obtained value is compared with that obtained by differential scanning calorimetry (DSC).
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Partial polarisation component of o-relaxation of parylene C obtained with different heating rates.
The insert schematically shows the experimental procedure used in the PP experiment. The thicker
lines correspond to the experimental steps where the electric field is applied.
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Since the therapeutic effect of many anticancer, antiviral and antimicrobial drugs is
caused by their interaction with DNA, finding out the molecular mechanisms of this
interaction is necessary to improve their therapeutic effect. At present it is known that
water plays an important role both in maintaining the DNA structure and in the process
of the DNA-ligand complex formation. Although the study of water surroundings of
nucleic acid-ligand complexes has been carried out using various methods including the
x-tay crystallography, osmotic stress, volumetry and molecular modeling methods'™,
there is still no reliable information on total number of water molecules in the complex
hydration shell and on its hydration sites. Therefore we suggest to use the differential
dielectric method in the range of millimeter wavelengths to quantitatively estimate the
DNA hydration changes during the formation of DNA-ligand complexes. We have
studied dielectric characteristics of aqueous solutions of some known intercalators
(proflavine hydrochloride, ethidium bromide, propidium bromide) and their complexes
with DNA. We also present based on the model concepts calculations of the hydration
numbers of the ligands and their complexes with DNA. It has been found that the extent
of hydration for all complexes is larger than the sum of hydration of their components
taking into consideration P/D ratio. We compare our results with those in the literature,
obtained with other methods.
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Skeletal muscle cells have planar tubular networks (T-tubules) perpendicular to the
long axis of the cells, and their dielectric spectra are characterized by two-step
relaxation [1]. Although the high-frequency relaxation (f-relaxation) is attributed to
interfacial polarization at sarcolemma, the mechanism of the low-frequency relaxation
(a-relaxation) has not yet been fully understood. Interfacial polarization at T-tubules
succeeded in explaining the o-relaxation observed for a single cell by the internal
electrode (IE) method. However, the intensity of the a-relaxation observed for skeletal
muscle tissues by the external electrode (EE) method was much larger than that
predicted from the interfacial polarization. In the present study, finite-difference (FD)
calculations [2] were carried out to examine whether the a-relaxation due to the
interfacial polarization was amplified by interactions between adjacent cells in the
measurements of skeletal muscle tissues by the EE method.

The cell was represented by a cuboid (rectangular parallelepiped) 40 um in height
and 10 um in length and depth. The T-tubules were represented by grids perpendicular
to the long axis and were placed at 2 um intervals. The cell model was placed at the
center of the outer cuboid subjected to FD calculations. The height of the outer cuboid
was fixed to be 50 um and its length and depth were changed in a range from 10.4 to 20
pm to mimic the change in the distance between adjacent cells in lateral directions. FD
calculations were carried out under three types of boundary conditions that mimic the
measurements of a bundle of the cells by the EE method in which the field was parallel
(EE-00) and perpendicular (EE-90) to the long axis of the cells, and the measurements
of a single cell with IE method. To make clear the effects of T-tubules, similar
calculations were carried out for the models without T-tubules.

The models with T-tubules showed two-step relaxation. The high-frequency
relaxation coincided with the one-step relaxation shown by the models without T-
tubules. Hence the high- and low-frequency relaxation processes were assigned to the
o- and B-relaxation, respectively. The ratio Rop of the intensity of the a-relaxation to
that of the B-relaxation was almost independent of the lateral distance between the cells
in all cases examined in the present study. In addition, Ryp-values under EE-00 and EE-
90 conditions were lower than that under IE condition. These results mean that the
interaction between the cells does not amplify the a-relaxation due to the interfacial
polarization at T-tubules, and that other mechanisms such as counterion polarization are
required to explain the large intensity of the a-relaxation observed by the EE method.
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Dielectric dispersion of a biological cell suspension in the radio-frequency range is
mainly due to interfacial polarization in the heterogeneous structure of cells. Since the
surface and internal cell membranes are much less conductive than the cytosol and the
external medium, the membrane topology plays an important role in polarization of
cells. Analysis of the dielectric dispersion requires modeling of cells. For simple cells
modeled as spherical and ellipsoidal shell models, we can use analytical equations that
relate the electric parameters of cell components to the dielectric dispersion [1]. In
reality, however, cells possess complex structures, for which analytical equations do not
suffice, and therefore numerical simulation techniques are of significant importance.
There are a few concerns for dielectric modeling of cells by the finite-element method.
Cells possess thin membranes, requiring extra fine meshes and considerable
computational tasks. To solve the problem, the ‘thin-layer’ approximation (TLA) that
deals with the membrane as an interface of the specific membrane impedance was
adopted. It was proved that TLA was useful in greatly reducing computational tasks
while accurately coinciding with analytical solutions [2].

The presence of intracellular organelles within a cell increases the numbers of
subdomains and boundaries, which makes the modeling of the cell complicated. To
simplify the modeling, the ‘effective medium’ approximation (EMA) was adopted,
which regards the composite cytoplasm as an effective homogeneous phase whose
dielectric properties are calculated separately. EMA was successfuly applicable to the
composite cell model shown in Fig.1 [2]

Many cells have microvilli that are membrane-bound projections on the cell surface,
which significantly influence the dielectric properties of the cells. To understand the
influences, simulation was made with a cell model that is a sphere with cylindrical
projections (see Fig.1). The simulated dielectric dispersion consisted of two relaxation
processes, which corresponded to the projections and the spherical body. Conventional
analysis based on the spherical shell model was applied to the simulated spectra to
estimate the apparent membrane capacitance Cy,,. When the total surface area of a cell is
constant, the apparent Cy, was inversely proportional to the square of the effective cell
radius and the total membrane capacitance of the cell remained constant irrespective of
changing the cell volume.

A .
Fig.1. Cell models aligned in a
‘ cubic lattice, subjected to FEM

- -
~ —_
calculation. Left: a spherical cell
containing intracellular organelles.

L J/ Right: a microvillous cell. One eighth
I— of each model is shown.
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The mouse spleen single cell suspension in phosphate buffered saline (PBS) supplemented with
10% bovine serum were studied with the help of the Time Domain Dielectric Spectroscopy
(TDDS). The measurements were performed using the coaxial sample cell with
effective empty capacitance 0.065 pF. Data was collected at uniform time scale up to 10
ns (frequency range from 100 MHz up to 12 GHz). These measurements were
performed at 25-37°C in a thermo stabilized controlled sample cell (£ 0.2°C).
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Figure 1. Dielectric response function for 8*10° cell/ml B-mice lymphocytes (blue) and spleen B-
lymphocytes leukemia activated (red.) at 25°C; Insert presents the Arrhenius plot for the two fast
relaxation rimes for leukemia activated lymphocytes with the activation energy of the processes ~ 27
kJ/Mol (red) and ~ 10 kJ/Mol (black).

It was shown that in this particular frequency range the differences between T and B
mouse lymphocytes and the differences between normal B and spleen leukemia
activated B-lymphocytes are well pronounced. Figure 1 presents such a difference
directly in the time domain in terms of the dielectric response function @(7)=iwlL
’r .9*( w)]. Tt is clear that the main diversity is in the interval 100 ps -10 ns, where the
anisotropic mobility of the polar fragments of TCR or Ig molecule groups can be
observed. A simple analysis of the temperature dependencies allows one to separate the
two processes and evaluate their activation energies. These were found to be around
10 kJ/Mol for the fast (~ hundreds of picoseconds) and ~ 27 kJ/Mol for nanosecond
process (See insert in Figure 1). This presents us with enough confidence to confirm
that TDDS signals have the sensitivity to distinguish the difference in the fast mobility
of polar groups on the membrane surface of the studied cells.
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Natural polymers have wide availability in nature, wide variety of structures, low cost,
stabilizing agents, biodegradable, atoxicity and easy chemical modification. Polymeric
materials, generally, have low electrical conductivity and are known as dielectric or
insulation" %, The term dielectric is used when the material is applied to capacitors and,
insulating when the material has the function of electrically isolating components of an
electrical circuit. The efficient use requires knowledge of their properties. Natural
polymers are replacing synthetic polymers due to the increasing interest in the
production of novel materials and prepared from polysaccharides represent a new
category of environmentally safe materials’. Galactomannans, natural polymers, are
polysaccharides that occur in the endosperm of the seeds of leguminous plants as cell
wall storage components and energy reserves.Galactomannan was obtained from seeds
of Adenanthera Pavonina L. family Leguminosae (Fabaceae) and subfamily
Mimosoideae. To improve the properties of galactomannan is require chemical
treatment with crosslinking agents glutaraldehyde treated with three different
concentrations 0.01, 0.05 and 0.1 %, GG1, GG2 and GG3, respectively. The influence
of the glutaraldehyde in the galactomannan films was characterized using Infrared
Spectroscopy (IR), the properties, such as, dielectric loss, loss tangent; real and
imaginary modulus was showed using Dielectric Relaxation and thermally characterized
using differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA),
under nitrogen atmosphere.
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Figure 1 — Imaginary versus Real modulos of samples GG1, GG2 and GG3
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It is well recognized that some saccharides such as gentiobiose, cellobiose, raffinose,
and trehalose, which are found in desiccation-resistant organisms, act as lyoprotectants
of proteins, liposomes and related pharmaceutical materials. The mechanism by which
these carbohydrates assist to protect the integrity of such materials is only partially
understood, but this ability seems to be a consequence of their hydrogen-bonding
features and of their significant tendency for supercooling.

Cellobiose and gentiobiose are structurally related to trehalose, also a disaccharide with
a linkage between two D-glucose units. The strong ability of trehalose for
biopreservation' is well recognized. The nature of the residual mobility below the glass
transition temperature is believed to represent a crucial issue from the point of view of
biopreservation. The study of the slow molecular mobility in structurally related
molecules, and the characterization of the glass transition in those substances, will
surely help us to understand the origin of this important ability exhibited by some
sugars.

This communication reports the comparative study on the slow molecular mobility in
the amorphous phase of cellobiose and gentiobiose, carried out by the dielectric
technique of the Thermally Stimulated Depolarisation Current (TSDC). The
investigation on the effect of aging, in the amorphous gentiobiose, was performed on
the sub-Tg region during annealing at T =343 K. The features of different motional
components of the secondary relaxation have been monitored as a function of time as
the glass structurally relaxes on aging. Finally the steepness index or fragility, m, of
cellobiose and gentiobiose was determined by DSC based on of the scanning rate
dependency of Tg, indicating that these disaccharides are moderately fragile liquids.

!

"'v
i
i

SR
QLS
RS
TIK

1x10™ /A

Fig.1. Partial polarisation components of the slow mobility of amorphous gentiobiose (left) and

cellobiose (right).
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In the present work, samples of pure chitosan and membrane Chitosana_Collagen be
analyzed for investigate dielectric and electrical modulus properties in the frequency
range 1Hz to IMHz were measured at several temperaturas in the range of 313 to 513K
using complex impedance spectroscopy technique to investigate the relaxation
processes involved. Dielectric results suggest dielectric relaxation in the material.
Electric modulus representation (M) is proved to be the most suitable for the analysis
of the dielectric data. Fig.l1 exhibits the variation of M" with frequency for
Chitosan_Collagen at different temperatures. Two well-defined relaxation mechanism is
observed in the temperature range of 313 — 513K. The relaxation peaks shift towards
higher frequencies with increasing on temperature. The presence of such relaxation
peaks in the M" plots indicates that the samples are ionic conductors. The activation
energy calculated from electric modulus spectra is 2.67 and 2.76 eV.
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Fig.1 Modulus variation with frequency for Chitosan_Collagen at various temperatures
(K)

[1] J. Einfeldt, D. Meifner, A. Kwasniewski. Polymerdynamics of cellulose and other
polysaccharides in solid state-secondary dielectric relaxation processes. Prog. Polym. Sci 26
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In this work we employ broadband relaxation spectroscopy (DRS) and thermally
stimulated polarization currents (TSDC)' techniques to investigate water and protein
dynamics in mixtures of water and lysozyme over wide ranges of composition, from
dilute solutions (18.5% protein) to practically dry protein pellets.
In a recent article® N.Shynyashiki et al. presents results of DRS measurements
performed on the 20 wt % aqueous solution of bovine serum albumin (BSA). In this
work® three main dielectric relaxation processes are detected. The fastest relaxation
process having relaxation time of 100 or 1000 s at ca. 110K is due to the secondary
relaxation of un-crystallized water (UCW) hydrogen bonded to the hydrated BSA. The
intermediate relaxation process with 100 s relaxation time at ca. 135K is due to ice. The
slowest relaxation process having relaxation time of 100 s at ca. 200K is interpreted to
originate from local chain conformation fluctuations of protein slaved by water”.
Experimental data of our studies reveal, for the lysozyme aqueous solutions, similar
molecular behavior to that of the BSA aqueous solution’. Additionally, thermally
stimulated polarization currents technique (TSDC), due to its resolving power, gives an
insight into the dependence of the o relaxation process of lysozyme chains on the water
content in the mixtures.
T(K)
140 160 180 200 220 240 260

% wt contents of prote'in

JIE (ANm)
g
-

T

100f g~ )
T

1 98%

T T T T T T T T T T T T
-140 130 -120-110-100 -90 -80 -70 -60 -50 -40 -30 20 -10
T(°C)

Fig.1. TSDC thermograms of lysozyme water mixtures. The dashed vertical line highlights
the polarization temperature T=-20°C.
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Perturbation of the Q-factor of a resonant waveguide cavity has been extensively used
to measure the dielectric and permeability parameters of materials. In this method the
small frequency shift and the changes in the damping response are correlated with the
complex dielectric constant of the material at the resonant frequency of the cavity. The
method has the adequate accuracy and resolution when the calibration is carried out
with the help of a standard material; the major shortcoming, however, of the method lies
in the fact that a single waveguide cavity gives the dielectric constant at only one
frequency. In order to overcome this difficulty we have designed a coaxial waveguide
with air as a dielectric of adequate size such that small samples can be placed in a hole
in the centre and the variations in the complex network parameters like s;; with the
guide terminated with a short can be measured and correlated with the complex
dielectric constant of the material. The frequency of measurement can be tuned by
employing a variable length shorted waveguide at one end. The measurement set-up
without the additional variable length waveguide but with the network analyzer and the
specimen holder is shown in the figure below.

In this paper we give the design details of the wave-guide, the measurements we
have used and the procedure to determine the complex dielectric constant at several
frequencies in the region of 1GHz to 6GHz. Our results show that the method and the
associated specimen holder can indeed be used to measure the complex dielectric
constant of small samples of solids and liquids at several frequencies.
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It has been shown'? that blood glucose concentration changes can be tracked in human
subjects by evaluating impedance measurements of the skin and the underlying tissue.
To date, the most efficient models we have for estimating the glucose level have been
derived via multiple regression analysis of the complex dielectric spectra as well as of
the other quantities measured with the multisensor glucose monitoring system (MGMS).
Although the information obtained by this multivariate approach is able to reflect
clinically interesting physiological conditions®, for an improved physical understanding
of the underlying phenomena it is also necessary to apply other fitting methods.

The choice of the appropriate function to fit dielectric spectra depends on several
parameters, such as the frequency range, the number of measured frequency points
available and the expected complexity of the model system. In our case the standalone
MGMS measures the impedance magnitude and phase at 16 frequency points between
0.1 and 100 MHz, so it is not advisable to use functions with too many free parameters
where a robust and prospectively applicable fitting procedure is required.

As an initial approach, we have concentrated on the MHz frequency region and used the
same Cole-Cole function as implemented by Gabriel*, with the restriction of one
dispersion. Since the MGMS is measuring the impedances with three separate
electrodes of different characteristic sizes (and so penetration depths in the skin), the fit
is calculated for the three measurement sets. The time series of these fitted quantities are
compared with the change in the reference blood glucose.

Whilst the quantities obtained with the measurement of the electrode with the shortest
penetration depth shows no or weak correlation to the reference glucose, the quantities
obtained with the measurement of the electrode with the longest penetration depth
shows stronger correlation. Among these, the exponent responsible for the stretching of
the dispersion and the amplitude of the dispersion show the largest correlation to the
reference glucose values. Note that the importance of the dispersion width as a
parameter to monitor living tissues has been emphasised recently by other workers such
as Ivorra’. Other quantities such as the center of the dispersion are shown to be sensitive
to the changes that occur over the day (daily trend).
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The dynamics of a semicrystalline poly(vinylidene fluoride) (PVDF) confined within
self-ordered alumina templates' is studied by means of dielectric spectroscopy. The
PVDF is confined within with higly homogeneous cylindrical nanopores with diameters
ranging from 20 to 60 nm. In particular, for pore sizes of the order of 20 nm, the
existence of a highly constrained relaxation is associated with the polymer-alumina
interfacial layer® (Figure 1). When the PVDF is confined to this level in alumina
templates, most of the chains are located in the interfacial region, where the mobility is
severely restricted, and because of that, crystallization is highly inhibited. The
counterbalance between spatial confinement and interfacial interactions controls at the
nanometer level the dynamic and semicrystalline structure of the polymer.
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Fig.1. (a) Dependence of the relaxation time (1) of the observed relaxations, with the
reciprocal temperature for the relaxations for the studied samples: (®) B, (O) P60, (/) P35, and
(o) P20. Continuous lines are the best fittings to the VFT equation. (b) Escheme of proposed
model for polymer regions withdifferent mobility in 20 nm in diameter pores.
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The glassy dynamics of thin (= 6 nm) layers of PMMA is studied by means of
Broadband Dielectric Spectroscopy (BDS) in 2 different sample arrangements: on the
one hand in a conventional approach using evaporated aluminum electrodes and on the
other hand prepared with highly conductive silicon electrodes which are covered with
nanostructures as spacers. The latter preparation method is demonstrated to be more
robust against artefacts occurring especially in thin layers and thus used in the further
experiments. The supporting surface is systematically changed from strongly
hydrophilic to strongly hydrophobic. The measured glassy dynamics of the investigated
layers is neither affected by the decreasing layer thickness nor by the particular type of
the substrate. These results are confirmed by ellipsometric measurements carried out at
the identical material prepared under the same conditions.
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Broadband Dielectric Spectroscopy is employed to study charge transport in ionic
liquids (ILs) in oxidized silicon nanoporous membranes'®. The dielectric spectra are
interpreted in terms of hopping of charge carriers in spatially randomly varying energy
barriers. By applying the Einstein-Smoluchowski relation to the dielectric spectra,
diffusion coefficient is obtained. At higher temperatures, the diffusion coefficients of
the confined and bulk ionic liquids are identical for all pores sizes while ILs are
observed to diffuse faster in comparison to their bulk value at lower temperatures. The
results are discussed with respect to the interplay between the dynamic glass transition
and charge transport in ILs.
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The effect of confinement by crystals on the a-relaxation, observed by dielectric
broadband spectroscopy, in isotropic as well as in oriented semicrystalline
poly(vinilydene fluoride), is analysed on the basis of a new thermodynamic model'. In
both samples, it has been found that the average free-energy barrier, AF, for
conformational rearrangements is of the same order of the dispersion barrier heights,
3(AF), around AF, ie. the increase of the barrier height in conformational
rearrangement is accompanied by an increase in the heterogeneity of constraining
conditions. At a given temperature T, the readjustment free energy is larger in the
oriented sample. In addition, it is worth noting that in oriented poly(vinilydene fluoride)
the regions of cooperative rearrangement are significantly larger and, moreover, their
size increase upon decreasing T. This feature, which underlies the Adam-Gibbs
approach for liquids, is pointed out for the first time from direct data analysis in the case
of confinement enhanced cooperativity. In addition to the above analysis, the samples
have been characterized by DSC, WAXS and SAXS experiments.

isotropic PVDF

0.6

0.0
oriented PVDF __, /,,,,”;,\;; s
064 ooe®® N

B lamax

0.04=

L P — oriented PVDF
isotropic PVDF

+ + + + +
0.0 T T T T T

Logyq (F/F )

Fig. 1. Normalized €"/¢"max ratio vs. Log (F/Fmax) at -30 °C. Continuous lines are Havriliak-
Negami fits and dashed, dotted, dash-dotted lines are o, 3 and conductivity contributions,
respectively. Lower panel shows the Havriliak-Negami fits corresponding to the o relaxation of
both isotropic and oriented PVDF for the sake of comparison
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Glass forming liquids show deviations from their cooperative bulk-dynamics when they are
geometrically confined to nanometer dimensions. In this context, ultrathin films of (H-bonding)
glass forming liquids are of particular interest, since both the dimension (thickness) and the
surface interactions can be controlled in an independent way.

This work focuses on the glass transition dynamics of ultrathin films of glycerol as studied by
dielectric spectroscopy (DRS). Ultrathin films are produced by molecular beam deposition onto a
glass substrate patterned with an interdigitated comb electrode (IDE), an open configuration that
allows the real-time study of the relaxation dynamics of the glycerol films upon continuous
variation of the film thickness by deposition or desorption.

DRS measurements on thin, equilibrated, glycerol films were prepared by slow desorption, and
revealed a remarkable broadening of the relaxation time distribution below 9nm. In particular,
for films below 1.6nm (corresponding roughly to 3 glycerol mono-layers) a slowing down of the
dynamics (increase in the mean relaxation time) was observed already at 30°K above the bulk
glass transition temperature Tyg.

Alternatively, we have also investigated films of glycerol that were deposited on a target at a
temperature significantly below Ty to form an “ultrastable” glass [1], i.e. a glassy state with an
extremely low fictive temperature. These film revealed a dramatically slowed-down of the
dielectric relaxation dynamic that goes along with an unusually high dielectric relaxation
strength, which persisted up to 10K above the bulk-Ty.

The experimental results will be discussed in terms of the concurrent presence of finite size
effects and surface induced perturbations on the structural dynamics.

Their respective contributions have been determined by specifically designed experiments
focused on the study of the interaction with the substrate and of the spatial extent of its influence
on the dynamics.

[1]1S.F. Swallen, M.D.Ediger et al, SCIENCE VOL 315, 353, (2007).
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In the last period of time, for overcoming the disadvantages of classic metallic
electromagnetic panels (e.g. high weight, possibility of being a subject of oxidation) a
new class of polymers attracted the interest of the international scientific society. The
new materials called nanoconductive polymers are expected to exhibit very high
dielectric constant and dielectric losses and consequently good electric conductivity (at
least around 10S/cm). The hereby paper is presenting the dependence of dielectric
properties of Polybacrylonitrile(PAN) /polypyrrole (PPy) composite in terms of
dielectric constant, conductivity and dielectric losses in a frequency domain between
0.01Hz and 10°Hz and at different temperatures starting from 25°C up to 200°C. The
composite films having of different pyrrole concentrations up to 150 ul show a non-
polar or a very weak polar character. Their dielectric constant is not varying too much
and is constant in a big domain of frequencies. By introducing 200 ul pyrrole the
character of composite film is transformed in a polar one. The dielectric constant
increased too much that can be observed better at frequencies below 10° Hz. The similar
attitudes can be observed about the losses, in the case of the composite films having 50,
100 and 150 pl pyrrole concentrations the quantity of pyrrole did not bring to much
changes of conductivity. An increase of losses in the case of PAN-PPy200 which is due
to the increased conductivity of the composite film is noticed.
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Fig.1. The dielectric constant and losses of PAN-PNPhPy composite thin films at 25 °C
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Broadband Dielectric Spectroscopy (BDS) and Ellipsometry are combined to study the
glassy dynamics of nanometric layers (= 5nm) of polystyrene. For the former, two types
of sample arrangement are applied, that is, the conventional method'*?  where
evaporated metal electrodes are used and a novel arrangement* in which insulating silica
nanostructures serve as spacers between highly conducting doped-silicon counter
electrodes. Within the limits of the experimental accuracy (+/- 2K) both approaches,
BDS and Ellipsometry, deliver the coinciding result that — compared to the bulk - the
dynamic glass transition is not shifted. Furthermore the dielectric measurements as
carried out in both sample geometries prove, that the relaxation time distribution
function is not broadened.
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Fig.1(a). Thickness dependence of dielectric loss against temperature for polystyrene
(Mw = 319 kg/mol) measured in the novel geometry at 1.0 kHz. The same data is
shown normalised in (b).
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Bound water in biomaterial or biosis has different thermophysical properties from bulk
water' because of strong interaction with biomolecules. This bound water plays an
essential role to keep the living system, e.g. stabilization of proteins, phosphate lipids,
with regard to the phenomena, the desiccation tolerance of mammalian skin, yeast,
insect and plant. Depression of phase changez, water activity3, relaxation dielectric
property4 or T1, T2 relaxation of NMR® are the common effects of bound water. In this
article, we measured the dielectric spectra (frequency-domain reflectometry(FDR):
100MHz~6GHz) of swine skin gelatin-gel containing 40 to 90wt% water using network
analyzer. In addition, water activity,a,, and frozen water ratio were measured by a water
activity meter and Differential Scanning Calorimetry(DSC). Two types of dielectric
relaxation were found whose relaxation times are 10 and 100 times longer than pure
water (Fig.1). Water in gelatin-gel of 40~70wt% moisture content shows endotherm at
temperature below 0 degree, and water in gelatin-gel less than 30wt% moisture content
shows no endo- or exotherm. The first threshold of moisture contents 70wt%
corresponds to the moisture content below which the water activity of gelatin-gel is less
than 1, and the second threshold of moisture contents 30wt% corresponds to the
moisture content below which the water activity of gelatin-gel drastically decrease as
moisture content decreases (Fig.2). Considering relaxation of water kinetic measured by
FDR, we suspect that 2 types of water with different relaxation time may correspond to
bound water existing in gelatin-gel of 30~70wt% and 0~30wt%.
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Fig.1. Dielectric spectrum of bound water in gelatine-gel
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The slow Debye process that shows up on the low-frequency side of the structural
relaxation peak in monohydroxy alcohols is only poorly understood. It seems clear that
the hydrogen bonds present in these substances are involved in this still elusive
relaxation phenomenon. Therefore it is interesting to find out which factors stabilize or
destabilize the formation of hydrogen bonded supramolecular structures in
monohydroxy alcohols. One experimental option to weaken an H-bond network is to
mix monohydroxy alcohols with substances that modify their bonding characteristics.'
In the present contribution we discuss new broad-band dielectric results on an alcohol
system for which we diluted the density of H bonds. Other means to destabilize
supramolecular structures, which we will discuss, are the application of sufficiently
large external pressures and the consequences of soft spatial confinement.

[1] e.g., L.-M. Wang, S. Shahriari, and R. Richert, J. Phys. Chem. B 109, 23255 (2005).
[2] T. El Goresy, R. Bohmer, J. Chem. Phys. 128, 154520 (2008)
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There are many methods for characterization of dielectric materials. As far as typical
power transformer oil insulation is concerned, examples of such methods are DGA
(dissolved gas in oil) or HPLC (high performance liquid chromatography) for
identifying decomposition products due to high temperatures or partial discharges, or
Karl Fischer tests for detecting moisture.

Water in oil may originate from air moisture in the case of breathing transformer, or as
the thermal decomposition of cellulose-based solid insulating materials. Water can be
present at oil under a number of physical and physico-chemical states that can be
simplified as dissolved water (molecular distributed and associated), dispersed water
(colloids and emulsions), free water. Water is particularly detrimental to oil insulation
systems dielectric properties and its resistance to ageing. Breakdown voltage of the
insulating oil is reduced with increasing moisture content in the oil.

Classical methods of measuring dielectric response include (power frequency)
capacitance, tg O and insulation resistance. More recently extensions such as
measurements of dielectric frequency response have found increasing popularity.
Dielectric spectroscopy is a powerful method for quality characterization of dielectrics
materials, including transformer oils'*?, provide information on properties of insulating
oil depending on moisture content, obtained from distribution of relaxation times in
broad range of frequencies*>*.

In this paper the discussion is based on dielectric frequency response.
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The work is focused on the molecular mobility of Triton X-100 with molecular
formula,Ci4H2,0(C;H40), where the average number of ethylene oxide units per
molecule is n=10. This nonionic surfactant was selected due to its wide use in industrial
and pharmaceutical formulations and in biochemical research'.

As main technique, dielectric relaxation spectroscopy was used, in a frequency range
from 10™" to 1x10° Hz and over the temperature range from 153 to 298K. The study was
complemented by Differential Scanning Calorimetry analysis.

For dielectric measurements, the Triton X-100 sample was previously heated to 373 K
to eliminate water (initial water content 0.28% w/w). The sample was cooled down at a
cooling rate of 15 K-min" while measuring the complex permittivity. The real part of
the complex permittivity, €', shows no discontinuity in the cooling run until ~ 249 K (for
the frequency of 10* Hz), temperature at which presents the characteristic step of the
glass transition. In the plot of the imaginary part, €" vs temperature, the glass transition
emerges as a well defined peak centered at 233 K. From the agreement of the rise
observed in €' and in the dielectric strength with the increase predicted by the Frohlich-
Kirkwood equation it was concluded that no dipolar moment is lost due to
immobilization if crystallization occurred during cooling. Therefore, Triton-X 100 is a
glass former.

Upon further heating carried at 10 K-min™ this fully amorphous sample undergoes cold-
crystallization as denoted by an abrupt decrease in both €' and &".

These results are in good agreement with DSC data where the glass transition is
detected at 212 K (203 K in ref 3) and further cold- crystallization occurs at 232 K.

A detailed dynamical study concerning the time evolution of intensity, position and
shape of the a-relaxation of Triton X-100 upon isothermal cold-crystallization carried at
different temperatures will be presented.

Besides the o relaxation process associated with the dynamic glass transition, secondary
processes were also detected. A detailed relaxation map is provided.
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Orientationally disordered (OD) phases, known also as plastic phases, can be considered
as one of the most important experimental model systems for the glass transition
studies.! OD phases, in which the centers of mass of the molecules form a translational
long-range ordered lattice while the orientational degrees of freedom are thermally
activated, often can be driven into an orientational glass (OG). Despite the fact that in
OD phases the dynamics on approaching the glass temperature 7g is governed solely by
orientational degrees of freedom, in many aspects it resembles the “canonical pattern”
of supercooled liquids and polymers.2 4
In supercooled OD phases the main o-
relaxation process can be accompanied by a
secondary PB-relaxation as in structural
glasses.‘%'5 One of the most representative B - .
compounds showing such processes is CN- 8 o
cyclohexane (CN-Ch). The aim of this work is 3 o
to analyze the behavior of the o- and f-
relaxation processes of the dipolar CN-Ch
compound (4=3.79 D) in the mixed crystals o 1 2 3 4 & & 7 & & 10
formed with the non-polar cyclohexane (Ch). 1000/T

Both compounds are known to crystallize in

the same OD lattice, thus giving rise to mixed crystals (Ch);.x(CN-Ch)x for the whole
composition range as probed by calorimetric and X-ray diffraction measurements.
Despite dilution of CN-Ch molecules on Ch lattice are expected to strongly modify the
dynamics of the relaxation map, it will be shown that starting from a critical
composition, the o-relaxation time appears almost constant as a function of the mole
fraction. On the contrary, the homogeneous/heterogeneous scenario seems to be
strongly modified as a function of composition.

e T, =134K
e 9

Log(tmax)
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Orientationally Disordered (OD) phases, formed by pseudoglobular shaped molecules,
are characterized by the existence of a regular lattice formed by the centre of mass of
the molecules which are disordered with respect to the orientational degrees of freedom.
These materials give rise to an orientational glass (OG) on cooling in which only the
orientational degrees of freedom are frozen in.'” This is a unique situation, since
supercooled liquids giving rise to structural glasses (SG), which can be considered as
canonical glassy systems regarding the number of experimental studies carried out so
far, are influenced by both the translational and orientational degrees of freedom. Pure
compounds cycloheptanol (cC7-ol) and cyclooctanol (cC8-o0l) belong to this kind of
systems and are known to display at least one OD phase of simple cubic symmetry and,
within this phase, a continuous formation of mixed crystals between them was
demonstrated in the past.’

The orientational dynamics of these compounds 4

and their OD mixed crystals have been studied ik

by means of broadband dielectric spectroscopy . of o),

at temperatures near and above the OG PE Duen'ﬁ o
transition temperature. The dielectric loss D 4t f &

spectra of ¢cC7-ol and cC8-ol show, in addition = ? »° gt

to the well-pronounced a-relaxation peaks with M “t Ly

a continuous temperature shift (characteristic of i3 i Cyclooctanol
the freezing of the molecular dynamics),

secondary relaxations ( and 7y for cC8-o0l and vy o 15000; TR

for cC7-o0l) which are intramolecular in nature.

The dynamics of several OD mixed crystals was recently studied* and surprisingly
enough one of the secondary relaxations was not evidenced. We show here by means of
a careful set of measurements for several mixed crystals and of a detailed analysis
procedure the existence of the secondary relaxations for the mixed crystals. The results,
moreover, doubtless reinforce the physical origin of each of the secondary relaxations.
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2-Adamantanone (C;oH;40, 20-ada) is a cage-like polar molecule in which a double
bound of the oxygen atom to the adamantine cage provides a rigid molecular structure
with Cy,, point group symmetry. As for many 1- or 2-adamantane derivatives, this
compound displays several solid phases and, in particular an orientationally disordered
(OD) one.'?

Cooling from the liquid phase 20-ada 220 200 180 160 140
crystallizes into an OD cubic phase I at ca. [ St ‘ ‘
530K. On further cooling at around 208 K
phase 1 transforms to a more ordered low-
temperature phase (I).'? It was assumed
originally that such phase II exhibited a
complete orientational order, but dielectric
measurements clearly revealed the existence
of two relaxation processes, related to the 45 50 55 60 65 70 75 80
existence of some kind of disorder involving 1000/T(KN

irrefutably dipolar reorientation.

A Rietveld refinement procedure has enable us to solve the structure of phase II for
which it appears the existence of a statistical disorder in such a way that three sites are
possible for the oxygen atom with occupation factors of 0.25 (O1), 0.25 (02) and 0.50
(03). Such a statistical disorder of the oxygen atom (and thus, of the dipole orientation)
gives rise to dielectric spectra with the characteristic features of the disordered phases.
Figure shows the relaxation time as a function of the reciprocal temperature obtained
from the a-relaxation process (see inset) within the “ordered” phase II. This system is
another example of a very simple type of glass former where strongly restricted
reorientational motions in a long-range ordered crystalline lattice becomes frozen.”

=)

log[x(s)]
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Polyhydric alcohols consist of several OH groups and carbon backbone chain,
where the number of OH and C in a molecule are defined as N, and N, respectively.
Sugar alcohols are one of the polyhydric alcohols. Most of the sugar alcohols consist of
equal number of OH and C (N, =N, ) and linear backbone chain. On the glass
transition of sugar alcohols such as glycerol (N, = N.=3), threitol (N, =N_.=4),
xylitol (N, = N.=5) and sorbitol (N, = N.=6), a systematic N. dependence of
fragility and glass transition temperature (7 ) has been previously reported [1-4]. The
systematic dependence implies that a common mechanism dominates the glass
transition behavior of sugar alcohols. However, the dominant parameter mostly
affecting the systematic behavior has not been investigated yet because within the sugar
alcohols system N, =N, . To distinguish the parameter, we examined several trihydric
alcohols with N, # N, such as glycerol (N,,=3, N.=3), 1,2,4-butanetriol (N, =3,
N.=4), 1,2,6-hexanetriol (N, =3, N.=6), 3-methyl-1,3,5-pentanetriol (3MPT)
(Nyy=3, N.=6) and 1,2,7-heptanetriol (N, =3, N.=7), by broadband dielectric
spectroscopy.

The Arrhenius diagram for

12
« -relaxation of all the samples , A Sorbitol
h in Fie 1. Tti 10 8 © Xylitol
are shown in Fig. 1. It is . |l o Threitol
apparent that the temperature o Glycerol
S  Butanetriol
dependence of all the tryhidric = 6 e
alcohols follow a similar Vogel- & 4 = 3MPT
o X Heptanetriol
Fulcher-Tamman manner. 2 2 b
Furthermore, the fragility and g ol
T4 both obtained from the data
. . -2
exhibit systematic N,
dependences. Since N, is 4
identical among trihydric -6
: 25 3 35 4 45 5 55 6
alcohols, this result strongly 1000/T (17K)
suggests that the dominant Fig. 1. Arrhenius diagram for peak frequency of ¢ -relaxation.
parameter is N on rather than Solid curves show the VFT equations obtained by least square
N fitting.
c-
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The complex dielectric permittivity for the series of aqueous alkali metals (Na, K, Cs)
and ammonium fluoride solutions was investigated in microwave range (7.5-25 GHz) in
a wide area of salt concentrations. Such frequency interval was chosen because it
corresponds to the maximum of the dispersion of dielectric permittivity of water and
aqueous electrolyte solutions. Thus we are able to find the molecular-kinetic changes of
water under the action of the solutes. The measurements were made at 288- 308K
temperature interval. Because these solutions are high conductive liquids, the low-
frequency specific electrical conductivity (o) was investigated for calculation of ionic
losses. The ionic losses (g";) were estimated by relation &"=oc/gy®, where ® — the
circular frequency, & — the dielectric permittivity of vacuum.

Complex dielectric permittivity is described by the Cole-Cole relaxation model for all
studied solutions in the investigated frequency range. Static dielectric constant (&;) was
determined from the Cole-Cole diagrams by means of circular extrapolation to the zero
frequency. The reduction of dielectric constant is observed when the salt concentration is
increased. It depends from ionic radiuses of cations: when ionic the radius increase from Li
to Cs, values of g decrease in same order. The temperature coefficient of & decreases
with the increase of salt concentration and equal to zero at high concentrations.

The values of dielectric relaxation time (t) were found by means of the graphical
decision of Cole-Cole equation. The frequency dependence of function [(&s-
8‘)2+(s”)2]/[(8‘— sw)2+(s”)z] in logarithmic coordinates becomes a straight line, which
crosses the x-axis at a point corresponding to m¢=1/71. The activation characteristics
(AG,™, AH,™, AS;”™) were found from temperature dependences of t. The Eyring’s theory
of absolute speeds of reactions was used for these calculations.

The changes of t values characterize the water molecule mobility in the hydration shells
of ions. The values of dielectric relaxation time decrease in comparison with pure water
for alkali metals fluoride solutions at all investigated temperatures. It proves the
increase of mobility of H,O molecules in solutions under action of the dissolved ions.
The decreases of t are more pronounced at low temperatures when the structure of
water in solutions is destroyed by thermal motion of molecules in lesser degree. The
values of AH; " reflect the structuredness of H-bond water net in solutions. The decrease of
AH."" in alkali metals fluoride solutions shows that the structure-breaking effect exists in
these solutions. The appositive changes of t and AH, ™~ values are observed for NH,F
solutions. It related with features of structure of NH, " and F ions. They can form four tetrahedral
H-bonds with H,O molecules without disorder of initial structure. Note that NH4F is unique salt
that form solid solutions in ice. For NH4F solutions the values of AH, ~ increase in
comparison with pure water as well as 1. It means that in NH4F solutions is observed
stabilization of water H-bond set. For the first time this effect established in the case of
hydrophilic hydration of ions. The mechanism of this stabilization effect considerably
differs from ones of hydrophobic hydration of ions with nonpolar groups (alkyl
substituted ammonium salts for example).
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It has been traditional to divide the dielectric properties of water present in biological
tissues into the response characterised as bound or free depending upon its proximity or
otherwise to neighboring macromolecules, membranes or other kinds of interface.

The dielectric dispersion in most of biological systems follows the Cole-Cole (CC)
dispersion'. This is typical for various aqueous systems®, including ionic solutions,
aqueous solutions of physiologically active non-ionic molecules, such as nucleotides,
amino acids and sugars, etc’. Phenomenologically, the CC law can be represented by a
frequency dependent complex dielectric permittivity £¥(w), given by: £*(w) = &, +
Ag/[1+ (i-w-71)%], where wis the cyclic frequency, i is the imaginary unit, & is the
high frequency limit of the complex dielectric permittivity, Ae is the dielectric strength
of the relaxation process, 7 is a characteristic time scale and the exponent o is referred
to as a measure of symmetrical broadening in the dielectric losses associated with the
relaxation peak (0<a<l). It has been found experimentally that o is strictly dependent
on temperature, structure, composition, pressure and other controllable physical
parameters*.

The main goal of this research is to study the hydration of the Adenosine-5'-triphosphate
(ATP) in aqueous solution and to compare this with Adenosine monophosphate (AMP)
molecule. The dielectric measurements of ATP and AMP solutions as the functions of
temperature and concentrations were provided in the broad frequency range (1 MHz —
50 GHz) with the help of a Time Domain Dielectric Spectroscopy (TDDS) and
Millimetre Vector Network Analyser (MVNA).

As a result of the analyses we discuss the response of the y-dispersion observed in the
ATP and AMP aqueous solutions in terms of CC a(Int) dependencies.
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Tetra-ethylene glycol dimethacrylate, TeEEGDMA, is a glass former material
whose glass transition temperature, Ty, detected by DSC is —83 °C'. This monomer is
being widely used in the networks production for dental materials, information storage
systems, etc. To monitor free radical polymerization of this compound fast data
acquisition is required and Dielectric Relaxation Spectroscopy, DRS, easily can be
employed with this aim since measurements can be done at relatively high frequencies.

In this work, isothermal polymerization of TeEEGDMA with 0.1 % w.t. of 2,2-
azobis- isobutyronitrile (AIBN) has been studied analyzing time dependence of the
electric modulus spectrum, M”(f). The selection of M” instead of permittivity is due to
the high conductivity that this mixture TecEGDMA/AIBN presents at the polymerization
temperatures studied (around 70 °C). A clear
peak revealing space charge motions has been
detected in M” during all the polymerization
process (see Figure 1). The principal feature
detected is a decrease in intensity and a shift
to lower frequencies observed at a critical
polymerization time that can be identified
with the vitrification time (the T, of the final
polymer is expected around 200 °C?).

Post-polymerization studies reveal
that under these experimental conditions,
almost all the monomer has been consumed,
oppositely to that happened to DEGDMA,
other member of the same family of
monomers’.

Figure 1. 3D electric modulus corresponding
to TeEGDMA/AIBN during isothermal
polymerization at 64 °C.
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By mixing of water with other substances it is possible to avoid crystallization
and entering the “no man’s land” region. In this work we used this strategy to study the
water dynamics in the low temperature range (110-250K) of solutions of poly(propylene
glycol) (PPG) with two different molecular weights (M, = 425 and 725 g/mol). We
combined broadband dielectric spectroscopy (10%-10°Hz) and Fourier transform
infrared spectroscopy (FTIR) using the attenuated total reflectance method (ATR) in the
same temperature interval.

As in other hydrophilic water solutions [1], the dielectric spectra show two
relaxations: the slower one related to the cooperative rearrangements of the solute
plasticized by water [in well agreement with the calorimetric glass transition (7)] and
the faster one usually attributed to the reorientation of the water dipoles in the system.
This process dominates the dielectric properties of aqueous solutions (it is symmetric
with an Arrhenius--like temperature dependence below T,) whereas the main relaxation
process is seen as a weak process.

In this work, we will discuss the changes in the ATR-FTIR signals (with both
the hydration level and the molecular weight) of the distinct groups of PPG and we will
relate them with the results observed by the dielectric measurements. In particular, we
will discuss the effects on the -OH stretching bands of water in the region of 3500 to
4000 em™.
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Water plays an essential role in many chemical and biological processes. The role of water is often played
by a limited number of water molecules in a strongly restricted molecular environment, where the water displays
properties which are not characteristic of the free state. Many papers have been dedicated to the investigation of new
physical properties of water in different polymer matrices at negative temperatures [1-3]. Unusual properties of water
for some polymer systems appear at certain concentrations of water in the case of a certain balance of interactions
between water molecules and polymer molecules [4]. This balance, in its turn, is defined by the quantity of water
molecules present in the polymer matrix.

In this work films of poly(N-vinylcaprolactam) (PVCL) with variable contents of water have been studied.
The interaction of water molecules and the polymer matrix of PVCL was investigated with the use of dielectric
spectroscopy (at 107'+107 Hz) as a function of temperature (—100+50°C) and water concentration (at less than 1, 5
and 24 wt. %). The data have been analyzed within permittivity, conductivity and dielectric modulus formalisms. For
all samples no water crystallization was observed during DSC scans.

At lower water content (1 and 5 wt. %) two dielectric relaxations can be seen. In the same time for the film
with hither water content (24 wt. %) only one relaxation was observed. The relaxation process typical for all films is
accompanied by anomalies in temperature dependence of conductivity. The activation energy values derived from the
temperature dependencies of this dielectric relaxation and peaks of conductivity are the same that testify to the
conducting nature of this relaxation. Additional relaxation process related to the dc-conductivity was observed for the
sample with 24wt. % water content, which is accompanied by the peak of dielectric modulus.
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The characterization of dielectric materials can be reduced to the measurement of its
complex permittivity and its electrical conductivity, which can first of all inform about
its more or less polar aspect and its more or less conducting character. It is generally
acted in fact of the response of device under test studied when it is subjected to an
external excitation, for instance the electric field of an electromagnetic waveform
Accordingly the ordinary ground which is an ionic compound containing water can thus
be regarded as a dielectric medium containing the electric charges which present a
behaviour related to the application of the electric field; precisely water that the ground
contains is the object of this study

Indeed the water content of the grounds is an essential parameter which represents a key
variable in many fields like agronomy, geology, civil engineering.

The knowledge of this parameters, results, as it will be shown, from measurement of the
permittivity; measurement results carried out by using the principle of the reflected
waveforms obeying the propagation equation s of Maxwell. The method we proposed is
well connected with several others, TDR probe method, capacitive probe, neutrons
method.

The ordinary soil is an ionic compound in which ions can be released when its mixed
water We could carry out on samples to various mass and volume proportions of
measurements of permittivity and conductivity using a technique based on frequency
domain reflectometry. The ionic solutions thus obtained go from the soil only dries until
the ultimate measurement considered correct for a solution at winter rainwater 68%.We
took again the series of measurements 14 months later while having taken the care to
preserve under good conditions the dry soil and winter rainwater. The comparative
results seem to be interesting for agronomy for example where the soils are classified
according to their electric conductivity and dielectric permittivity

Key words : conductivity,permittivity,rainwater,soils
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Ethanol, one the simplest alcohols, has a strong dipole moment and can be easily
quenched into the glassy state by fast cooling from room temperature. In addition to
that, ethanol presents a non trivial phase diagram where, below the melting temperature
and depending on the thermal history, exists either as a supercooled liquid SCL
(translational and rotational disorder), crystalline solid C (translational and rotational
order) or plastic crystal PC (translational order but rotational disorder)'. We have
previously proven the feasibility of performing simultaneous neutron diffraction ND
and dielectric spectroscopy DS experiments with a special cell’>. The access to
simultaneous information of both amorphous and crystalline phase foresees an
improvement in the understanding of crystallization processes in condensed matter. This
simultaneity is especially attractive for investigating the phase diagram of ethanol,
where, apart from the crystallization phenomena, two more phase transitions can be
observed. These two phase transitions referred as SCL to PC and PC to C respectively.
Some of these phase transitions have already been studied by means of neutron and
dielectric techniques but a complete picture of the isothermal structural changes in
supercooled ethanol is still missing. We have studied, for the first time, the phase
diagram of deuterated ethanol by simultaneous measurements of ND and DS in order to
correlate structural and
210F j j e dynamic aspects during
isothermal phase transitions.
This work allows checking if
the model proposed for the
crystallization of isopropanol,
which indicates that a breakage
of the hydrogen bonding
network takes place before the
crystallization process, can be
extended to  other low
molecular weight alcohols?.
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Fig.1. Dielectric curve during isothermal phase transition of ethanol-d6 from supercooled
liquid to plastic crystal at 105 K.
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Dielectric studies of a sodium salt of carboxymethylcellulose (NaCMC) with molecular
weight 0.55 x 10° in a broad temperature and frequency range, 215 — 385 K, 20 Hz —
1 GHz, are presented. The observed dielectric spectrum of this polyelectrolyte is
interpreted as a sum of a conduction process and two relaxation processes with different
activation energies. Microscopic origin of the observed spectra at the molecular level is
examined. It is proposed that the low-frequency relaxation is due to correlated
reorientations of carboxymethyl groups and that the high-frequency relaxation is
brought about by interaction between the NaCMC sample itself and the electrode
material. This relaxation is of interfacial character and seems to be correlated with the
degree of electrode aging, i.e. with the state of electrodes applied on the NaCMC foil.
This interpretation is supported by the results of measurements on NaCMC with
different electrode materials and on other cellulose derivatives.
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Fig.1. Dielectric loss in NaCMC as a function of frequency and temperature; all colour
symbols — graphite electrodes, large blue triangles — brass electrodes, 300 K.
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The spectra of the real and imaginary components of the complex electric permittivity and
complex polarizability of liquid di-n-propylether and di-iso-propylether were determined in
the Visible, Near Infrared, Mid Infrared and Far Infrared spectral regions ( 25000 - 100 cm-!).
Also the total molar polarization was determined from low frequency dielectric measurements
and the molar electronic polarizatiom from refractive index measurements.

The molar vibrational polarization related to various spectral ranges has been determined.
and compared for both liquids. It has been found to be extremely small for overtone bands. The
main contribution stems from the region of deformation modes of the molecules. The total molar
vibrational polarization originating from internal vibrational modes in the 15000 - 160 cm-!
region amounts to 2.62 c¢m3 mole”! for di-n-propylether and 1.79 cm3 mole-! for di-iso-
propylether. The difference is mainly due to the contribution of distortion modes for di—#n-
propylether in the Far Infrared, since in the Mid Infrared region the values for both molecules are
comparable.

The results enable the discussion ot the vibrational polarization due to hydrogen bond

formation in liquid »-propanol [1].

[1] Hawranek J.P., Michniewicz N., Wrzeszcz W. and Pajdowska M.,
J. Non-Cryst. Solids, 353 ( 2007) 4555.
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The spectra of the real and imaginary components of the complex electric permittivity
and complex polarizability for neat liquid o-Hydroksybezylidenemethylimine ( HBzMI ) and
Benzylidenemethylimine ( BzZMI ) were determined in the Visible, Near Infrared, Mid Infrared
and Far Infrared spectral regions ( 25000 - 100 em-! ). The low frequency electric permittivities
of both liquids have been also determined.

Molar vibrational polarization values related to various spectral ranges have been
determined. They have been found to be extremely small for overtones. Contributions stemming
from internal vibrations [1] down to 100 cm™  were determined for both molecules. The
largest contribution stems from the deformation vibrations range. The total molar vibrational
polarization originating from internal modes absorbing from 12500 down to 600 cm™" amounts
to 1.40 cm3-mole™ for BzMI and 3.12 cm3'mole™ for intramolecularly H-bonded HBzMI.

The considerable contribution due to the formed intramolecular H-bonding has been
evaluated and discussed. A 12.8 — fold increase of the molar vibrational polarization of the OH
group due to intramolecular H — bond formation was shown. The increase due to charge
redistribution is approximately 2.2 - fold. Only a slight increase in the molar electronic

polarization with H-bond formation was observed in the studied system.

[1] M. Matusiak, W. Wrzeszcz, T. Dziembowska and J.P. Hawranek,
J. Mol. Struct., 704 (2004) 223.
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From applicative point of view the most promising group of hydrogels are stimuli-
responsive (particularly: thermo-responsive) materials [1]. Their main advantage is
abrupt change in the properties in response to even small modification in environmental
conditions. These materials are mostly synthesized from polymers exhibiting lower
critical solution temperature (LCST) in water, and poly(vinylmethylether) PVME is an
example of such polymer. In a case of crosslinked macromolecules LCST is manifested
in a volume phase transition [2].

Systematic studies of hydrogels are commonly conducted in the range of
temperature between 0-100°C, nevertheless, investigations of these materials at
temperatures below freezing point of water seems to be also important. They should
help to understand better phenomena involved in synthesis and applications of cryogels
as well as lyophilization processes. From this point of view, molecular dynamics is
especially interesting, because it may give valuable information helpful to design
hydrogels with precisely define diffusive and/or mechanical properties.

An influence of temperature, crosslinking and swelling degrees on molecular
dynamics in thermo-responsible PVME hydrogels was an object of performed
investigations. BDS (including high frequency region IMHz - 3GHz) and DMA were
used to study hydrogels synthesized by electron beam irradiation of PVME (to obtain
networks with different density of crosslinks various irradiation doses were applied).
Investigations were performed at sub-zero temperatures.

Whereas, changes in mechanical modulus of the systems below 0°C relate to
freezing and melting (also “pre-melting”) of ice, the high frequency BDS results
revealed molecular relaxation process of unfrozen water. Shapes of temperature
dependencies of mechanical modulus of the system and dielectric strength of water
process, suggests that the water freezes in PVME gels rapidly, while the water melting
is strongly influenced by the polymer network. The melting process extends from c.a.
-20°C (glass transition of linear PVME) up to 0°C. It means that the molecular dynamics
of polymer network and water molecules is interdependent in hydrogels (mobility of the
network is stimulated by water molecules, and simultaneously structure and dynamics
of water are dependent on polymer concentration). DMA results showed also that the
molecular dynamics in PVME gels strongly depends on water content only for weakly
swollen samples (below swelling degree 5).
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Binary systems phospholipid/Gemini surfactants can create bicelles in water solution'.
Structure of bicelle has an intermediate shape between two dimensional bilayer and
spherical micelles, and is regarded as a powerful medium for studying physics of
membranes and membrane - associated biomolecules.

We have studied the phase behaviour of a mixture of DMPC (1,2-dimyristoyl-sn-
glycero-3-phosphocholine) and Gemini surfactant GEM-IK1 (1,1°-(1,4-butane)bis
3-decyloxymethylimidazolium chloride) by means of Small Angle X-ray Scattering
(SAXS), Fourier Transform Infrared Spectroscopy (FTIR) and Broadband Dielectric
Spectroscopy (BDS). SAXS measurements revealed a formation of bicelles, in
DMPC/GEM-IK1 water suspension, of diameter size 26 +34 nm at 282K (Fig. 1).

It was found that the small step in the dielectric constant €’ is related with the transition
from gel to liquid crystalline phase (Fig 2), which is supported by the temperature
dependence of the symmetric and antisymmetric CH, vibration modes as well as
antysymetric stretching PO, band frequencies, as revealed by FTIR measurements. The
presence of the surfactant in DMPC water suspension causes a decrease of the phase
transition temperature, as found by means of FTIR and BDS techniques.
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Fig. 1. SAXS curves recorded for DMPC and (at 1.5 MHz) and the asymmetric stretching

DMPC/GEM-IK1 systems at temperature 282 K. vibrations of PO, of DMPC suspension in the
temperature range from 273 to 315 K. Phase

transitions are visible as steps in presented
curves. Lg, Pp, L, denote planar gel, rippled gel
and liquid—crystalline phases, respectively.
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At the present time, the nanodiamonds (NDs) find application in various technologies.
The use of NDs in biology and medicine offers the greatest promise [1]. It was revealed
that NDs could be the new class of medical nanomaterials for delivering anti-cancer
chemicals to cells [2]. NDs could also be employed against tuberculosis or viruses. The
instability of NDs water suspensions is a serious obstacle to their use in medicine. The
investigation of the water state in the NDs suspensions is of obvious interest in
connection with the problem of the stability of NDs suspensions and revealing the
mechanisms of the NDs influence on biological objects.

In the present work the NDs water suspensions produced by Scientific Production
Enterprise "SINTA" Ltd (Kharkov, Ukraine) were studied. The concentrations of NDs
in the suspensions were 0,1 wt % - 3,5 wt %. The real (¢') and imaginary (&'’) parts of
the complex permittivity (e*=¢'-je’") of the suspensions were measured by the
microwave dielectric method described [3]. A resonator type ultra high frequency
(UHF) dielectrometer at the frequency of 9.2 GHz has been used. The low-frequency
conductivity was measured by the alternating current bridge at 1 kHz. The static
dielectric permittivity and the frequency of water molecules dielectric relaxation were
found from the Debye equations.

It was found that the real part of the complex permittivity decreases and the imaginary
part increases with the increase of the NDs concentration. It was also found the
reduction in the static dielectric permittivity and in the frequency of water molecules
dielectric relaxation with the increase of the concentration of NDs. These observations
can result from decreasing of the amount of bulk water in the system and from the
ordering of its structure. The values of &; were compared with the theoretically obtained
values of the effective permittivity of NDs suspensions. The hydration of NDs was
taken into account. The two types of the structured water in the suspensions of NDs
were found.
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Phosphocholine derivatives make the most abundant class of lipids in
mammalian membranes and are also major membrane components in eukaryotic
organisms. In water solution they create several types of structural phases, which
depend on the concentration of lipids, temperature and type of additives [1-3]. The
organisation of phospholipids molecules in water solution and formation of their new
structural phases depend also on the presence of surfactants. Most of surfactants are
salts, which dissociate in water solution, causing an increase of ion (counterion) species
in system studied.

The aim of the work was to determine the presence of various surfactant
(comprising different counter ions, like for instance: NO; and CH,COOH) on phase
transition of two phospholipids. Aqueous suspension of 1,2-dimyristoyl-sn-glycero-3-
phosphocholine (DMPC) or 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) were
used as a model systems reflecting the membrane behaviour. The mixtures of
phospholipid-surfactant have been investigated by means of dielectric (impedance)
spectroscopy (DS) and Fourier Transform Infrared Spectroscopy (FTIR). The special
attention was devoted to the role of different groups of counterions in phospholipid-
surfactant system and their ability to change organization within hydration layer of
phospholipid.
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Carbon — unwoven fabric composite is a promising material for use as a electromagnetic
screens [1-4]. Appropriate materials are chosen mainly on the basis of their mechanical
properties, such, as low weight and elasticity. Deposition of thin plasma layer on the
rough fabric surface should also increase the active surface of the shield, which strongly
influences the effectiveness of reflection at interfacial layers [5]. Efficiency of reflection
at the interfacial surfaces depends, among the others, on the surface area. In the case of
fabric such developed surface can be made of surfaces of fibers with plasma carbon
layer. Distribution of internal field is determined mainly by the fibers orientation and
polarization of incident field.

In the process of putting thin carbon layer coatings onto the fabric the method of low
temperature glow discharges plasma - PAPVD (Plasma Assisted Physical Vapour
Deposition) was used. Low temperature plasma method has been previously
successfully applied for deposition of thin metallic (Zn, In, Ti) and oxide (ZnO, In,O3)
layers onto pressboards and polypropylene fabrics [6]. Obtained layers exhibited good
adhesion to the substrate.

For the assessment of the unique buffering properties of the deposited layers dielectric
spectroscopy method has been chosen. Our earlier research showed that plasma carbon
layer deposited on more rough fabric surface strongly influences its electrical properties
[7]. In the present paper, we report that their dielectrics properties could be changed
depending on the morphology of substrate surface and on parameters of the plasma
generating process. Measurements of the complex admittance were performed in the
frequency range of 40 Hz — 10 MHz.

This publication was prepared with the key project — POIG no. 01.03.01-00-006/08 co-
financed from the founds of European Regional Development Found within the
framework of the Operational Programme Innovative Economy.
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The organic-inorganic nanocomposites comprising polymer and montmorillonite
(MMT) clay synthesized by solution intercalation and melt compounding techniques is
the new challenging area for their structural characterization by dielectric spectroscopy'
°. Dielectric studies reveal that a large exfoliated MMT structures in polymer matrix
decreases the real part of dielectric function*’. In present work the relative complex
dielectric function, electric modulus, and alternating current (ac) electrical conductivity
of melt-compounded poly(ethylene oxide) (PEO)-montmorillonite (MMT) clay
nanocomposites upto 20 wt% MMT loading were investigated over the frequency range
20 Hz to 1 MHz. The MMT concentration dependent intercalated and exfoliated
structures of the dispersed MMT in PEO matrix were recognized by the variation in real
part of dielectric function. Relaxation times for PEO local chain motion were
determined from the loss peak frequency of dielectric function (Fig. 1) and electric
modulus spectra. A correlation is explored between relaxation times and the interactions
compatibility of PEO molecules with dispersed MMT clay nano platelets, and their
effect on PEO chain dynamics. AC conductivity spectra of the PEO-MMT
nanocomposite over five decades of frequency obey almost straight line fit of two
different slopes, which changes significantly with clay concentration (Fig. 2).
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100 100 100 10

Frequency (Hz) Frequency (Hz)
Fig. 1 Dielectric loss spectra of the PEO-MMT clay Fig. 2 AC conductivity spectra of the PEO-MMT
nanocomposites clay nanocomposites
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Enhancement of polymer properties by use of different types of nano-sized fillers is explored
continuously from nearly past two decades. Polymer based nanocomposites have shown
remarkable improvement in properties as compared to conventional scaled composites
because of the length scale of interaction of the nanofillers with the polymer segments.
Perseverant efforts are made to fully understand the structure-property relationship of such
polymer based nanocomposites. Nanocomposites of Poly(methyl methacrylate) as matrix and
MethacrylPOSS (MPOSS) as the nanofiller were prepared. The structure-property
relationships of the nanocomposites were analyzed using dielectric spectroscopy, FTIR and
DSC. FTIR results show that the composition of nanocomposites might not be the same as
expected from the formulation. Dielectric spectrum of PMMA shows a f relaxation process at
lower temperatures (higher frequencies) and a dynamic glass transition (o relaxation) at
higher temperatures (lower frequencies). MPOSS can be molecularly dispersed in PMMA
upto 10 vol% of the nominal formulation, which can be concluded as no additional dielectric
process is observed for nanocomposites as compared to pure PMMA. At concentrations above
this, an additional process in the region of the dynamic glass transition of MPOSS (Fig. POSS
like) is observed along with an additional narrow peak (interfacial polarization). The latter can
be well described by Maxwell-Wagner-Sillars polarization indicating phase separated
morphology. The glass transition temperature reduces with increasing concentration of
MPOSS in the nanocomposites indicating plasticization of PMMA.
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Figure: 3D representation of dielectric spectra of PMMAS (5vol% MPOSS) and PMMA30
(30vol% MPOSS)
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Abstract

Polyvinylidene fluoride (PVDF) and polypropylene (PP) films have been filled with
different volumic fraction of titanate dioxide TiO, by two ways: dispersion in the melt
or in-situ generation. The objective of this work is to probe by DRS the different
molecular mobility induced by the processes and the space charges repartition by
scanning electron microscopy mirror effect. It was shown that the behaviour of PVDF
in these nanocomposites is close to that of PVDF matrix. The main changes being the
slowing down of the dynamics of the  and the o relaxations as a function of TiO,
volumic fraction and the existence of charge carriers trapping at the interfaces. The
MWS polarisation in the different nanocomposites will be also analysed.
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The molecular mobility of poly (propylene oxide) amines intercalated in
montmorillonite clays, was studied by dielectric relaxation spectroscopy (DRS, 107 -
10° Hz, 120K — 350K) and thermally stimulated depolarization current techniques
(TSDC, 120K — 350K). Differential scanning calorimetry (DSC) was used as a
supplementary technique. The inorganic clay used for the preparation of the organoclay
studied in this work was an industrially purified Na+ - montmorillonite (PGW, Nanocor
Inc.) with a cation exchange capacity (CEC) of 120 meq/100 g. The organic clays were
prepared by ion-exchanging the inorganic clay with the diprotonated forms of the
commercially available o, ®-diamines (polypropylene oxides with amines as terminal
groups) known as Jeffamine D-series, D4000, D2000, D400.

Depending on the chain length of the diamine, different orientations of the PPO chains
were adopted in the clay galleries: Low molecular weight Jeffamines (MW ~ 400)
intercalate as lateral bilayer to inclined monolayer and the gallery heights are restricted
to dgo; basal spacing values of approximately 17 A. For Jeffamines with MW values of
2000 and 4000 the PPO chains adopted a folded configuration within the galleries
resulting in dgo; values of approximately 46 A'. The polymeric chains are restricted
between successive clay nanolayers which define a 3D gallery system where the chains
are actually confined in one dimension related to the gallery height and effectively
anchored to the clay internal surfaces.

Jeffamines exhibit, in addition to the transverse dipole moment component that gives
rise to the segmental a process, a persistent cumulative dipole moment along the chain
contour. This part of dipole moment of the PPO chains can be relaxed via the normal
mode (nm process). Dielectric Spectroscopy was used to provide information on the
chain dynamics by monitoring all the possible motions of the macromolecules, from
local chain motions up to global chain translational and rotational motions.

Our results reveal striking differences in the long range polymer dynamics for all the
intercalated systems studied. For low MW (MW ~ 400) intercalated PPO chains, the
segmental and global chain motions was found to be strongly suppressed.
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Hybrid organic-inorganic polymer systems (HOIS) were synthesized in situ by joint
polymerization of urethane and inorganic oligomers'. Mixture of two isocyanate-
containing products (macrodiisocyanate MDI and poly(isocyanate) PIC) with different
molecular weights and numbers of reactive groups as the organic component was used.
Inorganic component was metal silicate that exists in oligomeric form in water
solution’. Previously it was shown the presence of two glass transitions in HOIS
synthesizeds. Both isocyanate-containing products separately react with metal silicate
due to reactions between NCO-groups of organic component and Si-OH of inorganic
component. That produces two interpenetrating hybrid organic-inorganic networks
(HIPN) in bulk OIS, which differ by cross-linking rate, molecular mobility, degree of
freedom of macromolecular chains etc. Each hybrid IPN is characterized by its own
glass transition temperature dominates in OIS depending on content of organic
component and, accordingly, restricts the mobility of another HIPN. Thus, three
temperature regions of structural order of HOIS present on temperature dependencies of
physical characteristics: glass (first HIPN)/glass (second HIPN), viscous-elastic/glass
and viscous-elastic/viscous-elastic. The impact of structural order of HOIS on their
electrophysical and dielectric properties were studied. The activation energies and
changes of conductivity and permittivity at structural transitions of both hybrid IPN
were investigated (Fig. 1).
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Fig.1. Activation energy of HIPN based on urethane oligomer at glass transition region (-50 °C)
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Metal containing polymers are a new and interesting class of materials for designing
nano- and optoelectronic devices. The conducting redox polymers based on complexes
of transition metals with Schiff’s bases satisfy the requirements of the stability and
photo- and electrosensitivity" % In this paper, we are concerned with the electrophysical
properties of metal-containing polymer films based on the Cu(Il) complex with
tetradentate ligand [CumSalpn] in an alternating-current electric field. The polymer
samples were synthesized by the anode polarization of an electrode in the solution of
the initial monomer complex [CumSalpn], the polymer films thus prepared had a
thickness of the order of 1 W. The frequency dependences of the capacitance and
dielectric loss were measured at the temperature 7=293 K with the use of an E7-20
broadband immitance meter in the frequency range 10>-10° Hz. Figures 1 demonstrate
the frequency dependences of dielectric permittivity £” and factor of the losses £” for
samples of the polymer complex [CumSalpn] and HmSalpn-1.3 ligand of the metal
center. The values of dielectric parameters for the structure under study decrease with
an increase in the frequency of the measuring field. The dielectric response at low
frequencies may be related to the dynamics of the orientation of the structural units
(relaxators) of the [CumSalpn] polymer. The occurrence of these relaxators is
associated, in particular with the rupture of chemical bonds in the polymer accompanied
by base electrolyte ions. With increasing frequency, separate elements of the polymer
chain begin to participate in the relaxation process. These are presumably phenyl rings,
including hydrocarbon CH groups. Thus, the frequency dispersion of dielectric
parameters in an alternating electric field is clearly defined. The obtained data can be
useful for the choice of the monomer architecture in order to obtain a supramolecular
metal-containing polymer with the optimum electrical properties.
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Fig.1. Frequency dependences of the £7(1, 2) and £”(3, 4) for polymer complex
[CumSalpn] and H,mSalpn-1.3 ligand respectively.
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Introduction of carbon nanotubes (CNTs) in an insulator polymer matrix allows
observing an electrical percolation phenomenon [1]. Even if other particles (like carbon
black or metallic nanowires [2]) can make the composite conductor for a given
concentration, carbon nanotubes, thanks to their large aspect ratio, can reach very low
percolation thresholds [3]. The aim of this work is to ensure a good CNTs dispersion to
preserve a large apparent aspect ratio. The novelty in this kind of study is the choice of
the host matrix: polyamide 11 (PA11), a semi-crystalline polymer, has been chosen due
to its good mechanical properties. Two methods of CNTs dispersion will be compared
through composites DC conductivity study (value extracted from dynamic conductivity
at low frequency); i.e. solvent way and melt mixing process [4]. Concerning the second
one, twin screw extruder parameters should be investigated to optimize CNTs
dispersion in PA11. The dielectric studies have been found to be particularly well suited
for characterizing CNTs dispersion.

Below the percolation threshold, the influence of CNTs on the dielectric relaxations
associated with the glass transition has been followed. Two components are observed
independently from the CNT content: the lower temperature one is dependent upon
CNTs indicating that CNTs are localized in the soft amorphous phase; contrarily, the
higher temperature one is unmodified since the rigid amorphous phase is too cohesive to
be penetrated by fillers. The evolution of the corresponding average relaxation times
versus reciprocal temperature is shown in Figure 1 for a composite at 0.3 wt %, as

example. The influence of CNTs content will be discussed.
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Fig.1. Arrhenius diagram for a CNTs /PA 11 composite at 0.3 wt %
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The solid-state 'H NMR on-resonance and off-resonance techniques have been
performed to study molecular dynamics and domain size in heterogenous
nanocomposites based on poly(butylene terephthalate) and nanoparticles Cgp modyfied
by n-decylamine (DA). The spin-lattice off-resonance relaxation times in the rotating
frame Tlp"ff as well as the second moment M, of absorption line were analysed as a
function of temperature. To determine the size of heterogeneities and characterize the
morphology of the nanocomposites, the "H NMR spin-diffusion experiments designed
by Goldman-Shen were perforrnedl’z’3’4. The results from the measurements give us new
insight into the spin-diffusion phenomenon and relaxation behavior of these new
polymeric materials’.
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Fig.1. The relaxation rate 1/T]P"ﬁ'0f PBT/decylamine/Cq 0,01% and as a function of
effective frequency o, with ©=6° which is the angle between the off resonance filed and the
effective field® at 233K, 263K and 294K, respectively.
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Molecular dynamics and domain size in poly(butylene terephthalate)/ TCNEO/Cg
nanocomposites has been studied by 'H solid-state NMR method as a function of
concentration of TCNEO/Cg adduct. It is suggested that modification of PBT with
fullerene Cgp would give new attractive nanocomposite material both with improved
chemical and physical propertiesl‘z. The molecular dynamics of the nanocomposites has
been studied using solid-state pulse NMR spin-lattice relaxation and continuous wave
methods. The basis of off-resonance NMR technique® is to measure the spin-lattice
relaxation time Tlp"ff in the presence of an off-resonance rf field. The obtained rates of
relaxation times as a function of angular frequency are fitted into equation

1 K. 1 . . . . . .
T = ZstGJ (0,.1,, )+?, using the following density function given by Davidson
Ip 1
20.| sin(Barctan(o,t R
and Cole: J(o,,7,,B)=— (ﬁ—(§°)) , where K = 64:10"°° m%s* for protons,
® i
oL (roi)
, is the effective frequency, t. is upper cut-off correlation time, B is the width of the
distribution of correlation times and T, is the spin-lattice relaxation time in the
laboratory frame. The correlation cut-off times were found in different temperatures,
below and above the glass transition temperature, respectively. The 'H NMR spin-
diffusion experiments designed by Goldman-Shen* were performed in order to estimate
domain size of nanocomposite’. The results demonstrate that the molecular dynamics

and domain size of PBT/TCNEO/Cs nanocomposites depends on the concentration of
TCNEO/Cgp adduct.
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Nanocomposites based on polylactide, an amorphous polymer, with MWCNT as a
nanofiller with concentration, p, ranging from 0 to 7 % in weight, were studied by
Dielectric Spectroscopy (10'3 <f< 3x10° Hz) in a wide temperature range. Figure 1
shows the variation of the imaginary part of the dielectric constant at 70 °C as the CNT
concentration, p, increases. For the pure sample, in the frequency window swept here,
the segmental relaxation, os, is observed together with the normal mode at lower
frequencies, o, associated to the dipolar moment parallel to the backbone. The
molecular dynamics analyzed for the 0 and 2% MWCNT concentrations do not show
any significant changes in the relaxation map in the presence of CNT. The data taken in
the complex conductivity domain allowed the determination of the percolation
parameters, scaling law, percolation threshold, critical exponents and tunneling
conduction between conductive clusters.' The evidence provided by these results,
indicates a non-universal behavior in this material, as the value obtained for 7, the
exponent of the scaling percolation equation above the concentration percolation
threshold, p., is larger2 than the expected universal value 7, = 2. Also, tunneling is not
contributing to the conductivity of the nanocomposites with the highest CNT
concentration. Finally, the master curve drawn in Figure 2 shows time-concentration
superposition at room temperature; time-temperature superposition in the whole
temperature range (-140 to 105 °C) is not valid for these nanocomposites even at 7<7y.
At T >70°C the time superposition is discarded as the sample crystallizes during the
dielectric measurements.
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A series of 1-3 connectivity PZT fibres/epoxy resin composites with different volume
fraction is studied by means of dielectric spectroscopy in the wide frequency range 0.1
Hz-100 kHz and temperature varying from the ambient to 210 °C. Ac conductivity data
are analysed using the “universal power law” and its scaling is studied by the Jonscher’s
universal power law. At low frequencies ac conductivity tends to be constant, while in
the high frequency region verifies the exponential law of conductivity. In the
intermediate frequencies, the examined systems exhibit strong dispersion with
frequency and the produced fitting curves deviate from the experimental data by not
being able to describe the recorded relaxation and pointing out that in the vicinity of the
relaxation peaks the power law is not applicable. Finally, dipolar relaxation mechanisms
and interfacial or Maxwell-Wagner-Sillars relaxation were revealed in the frequency
range and temperature interval of the measurements. These relaxation mechanisms were
analysed using the electric modulus formalism.




289

Dielectric study on
polyaniline/polymethylmetacrylathe composite films

near the percolation threshold
Z.Ben Othmen', A. Fattoum?, M. Arous "
! Laboratoire des Matériaux Composites Céramiques et Polymeres, Faculté des Sciences
de Sfax, 3000 Sfax Tunisia
? Institut Supérieur des Sciences Appliqués et de Technologie, Route de Mednine,
Gabes Tunisia
*Email address: Mourad.Arous @fss.rnu.tn

Free standing and plasticized composite films of polyaniline/polymethylmetacrylathe
(Pani/PMMA) were made by using co-dissolution and casting method. The polyaniline
weight percentage is taken near the percolation threshold (<5%). The glass transition
temperature (Tg) of the PMMA matrix is influenced by the presence of polyaniline.
Dielectric measurements as a function of temperature and frequency revealed the
presence of relaxation processes attributed to o and 3 relaxations of PMMA matrix. The
ac conductivity in the high frequency side is well described by a frequency power law;
the variation of the exponent s with temperature is compatible with a polaronic charge
transport in the composite due to conducting polyaniline inclusion. The UV-Vis
absorption spectra revealed the presence of absorption bands characteristic of
polyaniline.
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Single-wall carbon nanotubes (SWCNT) have attracted much attention since their
discovery. Their exceptional mechanical, electrical, thermal properties and high aspect
ratio make them excellent candidates as fillers in multifunctional nanocomposites.
Because of van der Waals attraction among nanotubes and their large surface areas,
SWCNT tend to form agglomerates which prevent from an efficient transfer of their
superior properties to the nanocomposite. Therefore, the nanotube dispersion in the
polymer matrix is a big concern. As reported by some authors [1] the existence of
fractal morphology of branched agglomerates of SWCNT has significant negative
impact on the mechanical properties of the nanocomposite material. However, as far as
the electrical properties are concerned, the impact of aggregation on the mechanisms of
percolation, the so called static and kinetic percolation and on the electrical conductivity
are still under investigation [2]. It has been reported that the onset of the conductivity in
CNT nanocomposites is closely related to the aggregation level of the conducting
nanotubes [3]. Agglomeration of nanotubes, rather than a simple random arrangement
of isolated elements, appears to improve the efficiency of the conducting network [4].
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Fig.1. Conductivity as a function of frecuency for PET/SWCNT nanocomposites prepared by
direct mixing and in situ polimerization.
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Polyimide nanocomposite thin films were prepared by casting solutions resulting from
direct mixing of a poly(amic acid) containing nitrile groups and surface modified
BaTiO; nanoparticles onto glass plates, followed by thermal imidization under
controlled temperature conditions. The surface of BaTiO3 nanoparticles was modified
by treating with 3-aminopropyltriethoxysilane coupling agent. Three samples with
different content of BaTiO3 nanoparticles were compared with the pure polymer sample.
The nanocomposite films were investigated by atomic force microscopy, scanning
electron microscopy, thermogravimetric analysis, dynamic mechanical analysis and
dielectric spectroscopy. The relation between structure and properties has been
investigated.

Dielectric spectroscopy measurements were done two times. At low temperature range
during first scan there is seen relaxation correlated the most probably with the phenyl
ring motions strongly influenced by moisture absorption content. Such relaxation is
observed in all polyimide samples, which are not completely dry. This relaxation
disappears in second scan because of removing even trace amount of water. What is
interesting, this relaxation appears again after even short contact with air, which is not
completely dry. At higher temperature range there are few relaxation phenomena, which
strongly depend on content and on temperature treatment of sample.
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Fig.1. Frequency and temperature dependence of the imaginary electric modulus for
the polyimide nanocomposite with 20% of BaTiO;: (a) first scan, (b) second scan (after heating
up to 200°C without opening of the measurement cell).
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Silica-containing polymer nanocomposite films were prepared via sol-gel technique and
thermal cyclodehydration using a poly(amic acid), precursor of a polyimide—
polydimethylsiloxane copolymer, and tetracthoxysilane. The poly(amic acid) was
obtained by polycondensation reaction of 4,4’-oxydiphthalic anhydride with a mixture
of 1,3-bis(4-aminophenoxy)benzene and a bis(aminopropyl)oligodimethylsiloxane of
controlled molecular weight, in different ratios, followed by end-capping with an
aminosilane coupling agent - 3-aminopropyltriethoxysilane. The surface morphology of
the films was investigated by scanning electron microscopy and atomic force
microscopy. The free surface energy was evaluated based on contact angle
measurements.

The nanocomposite films were flexible. They had good mechanical properties and high
thermal stability. BDS and DMA methods were used to emphasize the influence of
silica content in the polymer matrix. At lower temperature the polymer films exhibited
there transitions: an o, relaxation due to the presence of polydimethylsiloxane segments
and two secondary relaxation processes, y and S, correlated with local movements. The
temperature/frequency position and activation energy of the secondary relaxations
depend on the silica contents in the sample. At higher temperature an o, transition
correlated with the upper glass transition of the polyimide segments was observed. On
increasing the concentration of silica a slightly decrease of dielectric constant and an
increase of thermal stability were observed.
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Fig.1. Frequency and temperature dependence of the permittivity for the pure polymer (a)
and polymer nanocomposite with 20% of silica (b).
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Dielectric analysis was performed on nanocellulosic fibers reinforced poly(acrylate-co-
styrene of butyle) copolymer nanocomposites. Nanocellulosic fibers were incorporated
into the matrix, with different volumic fraction, as such or after surface modification
involving the silane coupling agents, namely y-methacryloxypropyltrimethoxy (MPS).
Dielectric parameters (permittivity, loss factor, tand and ionic conductivity) of pure
copolymer and nanocomposites were obtained in a frequency range of 0.1 Hz—1MHz
and temperature range of -100°C to 200°C. The dielectric properties of the composites
showed a strong dependence on nanofiber content, testing frequency and temperature.
In addition to the a relaxation associated to the glass transition of the pure copolymer
and ionic relaxation caused by the mobility of dielectric charges, the presence of
nanocellulosic fibers in the composite gives rise to other relaxation associated to MWS
interfacial polarization. The MWS relaxation arises from the trapping of electric charges
at the interfaces between the nanofibers and the copolymer. Percolation phenomenon
was observed in the dielectric analysis, similar to the percolation in electrical
conductivity studies.
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In work' it has been shown, that for reception of the ordered photosensitive
structures it is possible to use liquid crystals (LC). Thus measurements of photosensivity of
such structures were carried out only at one orientation of molecules. Investigation of
influence of orientation of molecules on photosensivity of structures on basis LC is the
matter of big interest. It was a subject of researches of the given work.

With the help of processing by ultrasound and applications of solvents
photosensitivity in a seen range of lengths of waves of a mixture nematic liquid crystal
(E25M), molecules C60 (1 wt. %) and molecules LiITCNQ (3 and 4 wt. %) have been
received. For better solubility C60 with chemically modified molecules of diamine (4-8
molecules of diamine to one molecule C60) were applied.

The research of such mixes were carried out by osciloscopic method” in the
frequency range of 107-10° Hz and temperatures 293-350 in darkness and at illumination
by the focused light of halogen lamps. Measurements were carried out with planar and
homeotropic orientations of molecules. The effect of influence of light was determined
from the analysis of the attitude relation of values of a component complex dielectric
constant measured at illumination €’ up to those measured in darkness €q). It is shown,
that the most distinct clearest maxima are observed on frequency dependence €',/€’q. In the
case of homeotropic orientations there are two such maxima - for frequencies of about 1
and 10* Hz. For planar orientation of molecules one maximum €',/€’q is observed only at
frequency of 10° Hz. Prominent feature of frequency dependence €”/e”; is the sharp
increase of photosensivity at the lowest frequencies only at planar orientation of molecules.

On the basis of the received data and the analysis of dielectric spectra mechanisms
of observable effects are offered.
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Discotic liquid crystals are materials where self-assembly is driven by non-
covalent intermolecular interactions. The aromatic cores are responsible for the -
stacking whereas the presence of aliphatic chains ensures solubility, processability and
a rich thermotropic behavior. During the self-organization process, the disk-shaped
molecules organize into columns that further assemble into two-dimensional arrays
whereas the alkyl chains fill the intercolumnar space. Highly ordered columnar
structures of HBC were found to be very promising as active semiconductors in organic
field-effect transistors and photovoltaic devices. The self assembly and molecular
dynamics a series of dipole functionalized nanographenes were studied using
differential scanning calorimetry (DSC), wide-angle x-ray scattering (WAXS), and
dielectric spectroscopy (DS) as a function of temperature.' There is a phase
transformation from the liquid crystalline (Lc) phase at high temperature to the
crystilline phase (Cr) at lower temperature. The effect of dipole substitution is to
destabilize the crystalline phase (Cr).2 All compounds display a strong dipolar
relaxation (a-process) reflecting in- and out- of plane disk motion with a strong
temperature dependence that conforms to the Vogel-Fulcher Tammann (VFT)
equation1 The inter- and intra-columnar thermal expansion was studied in a series of
dipole functionalized hexa-peri-hexabenzocoronenes that undergo a transition form the
high temperature liquid crystalline to a crystalline phase at lower temperatures.4 Within
the liquid crystalline phase the intra- and inter-columnar thermal expansions were
different but both positive. Within the crystalline phase the inter-columnar thermal
expansion is negative. Responsible for the negative thermal expansion is the increase of
the tilt angle of the discotic cores with respect to the columnar axis. Similarities and
differences with the thermal contraction in graphite and in graphenes are discussed.
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In general, the details of the microstructure in nano-composites are unknown.
Nevertheless there is a need to determine the intrinsic properties of the dispersed phase
from the measured effective properties of the system. Due to the unknown
microstructure a tentative analysis using simple mixture formulas can be highly
erroneous. We present several methods to extract at least a partial (but exact!)
information from dielectric spectra. These methods apply to composites containing
conducting particles, that give rise to a polarization peak in the dielectric spectrum
(MWS interfacial polarization):

(1) Using basic physical considerations, such as energy conservation, we show that
measured spectra can be easily converted into strict lower bounds for the particles
conductivity.

(ii) For isotropic composites, the spectra can be converted into lower and upper bounds
for both the conductivity and the permittivity of the particles (using the spectral
representation).

(iii)) Combining dielectric and magnetic measurements, also the intrinsic magnetic
permeability of particles can be evaluated.'

In order to illustrate and to test the procedures, we have prepared model-composites
(semi-conductive Ga As particles in a epoxy resin) as well as magnetic nano-composites
(nano-particles of magnetite in a polymer).
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In this work the results of BDS study (103-10° Hz) of sols of Ag nanoparticles (N
capped by alkyl carboxylate ligands in toluene and thin films on ITO substrate obtained by
evaporation of solvent are presented. Ag NPs have been synthesized by the low temperature
duction of the Ag carboxylate (see fig.1) in the presence of triethyl amine which plays the r
both the reducing agent and the reaction medium [1].
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Fig.1. Scheme of the capped silver nanoparticles formation. R=CH;(CH,),,, NEt;=N(C,Hs);

The frequency dependence of specific alternating current (ac) conductivity and comp
electric modulus was used to estimate the temperature-frequency intervals of charge transfer
long and short distances, respectively. With increasing the concentration of Ag NPs, specific
conductivity increases. In low frequency region, the ac conductivity dependence transforn
into plateau, that corresponded to direct current conductivity (dc). In spite of the fact that, c
ductivity depended on concentration of Ag NPs, the percolation threshold was unreachable es
for highest concentration 0.036 g/cm®, and no conducting clusters or bridges are formed in th
sols. Also electronic conductivity was not founded. The temperature dependence of specific
conductivity show considerable deviation from Arrhenius dependence, that points to the sign
cant contribution of cooperative effects in the charge carriers transport mechanism. The cons
erable increase (more then 30°C) of Vogel temperature, Ty, and vitrification temperature, T,
sols in comparison with pure solvent was found. It might be supposed that these cooperative
fects reflect primary stage of superlattice formation. Although the dielectric characteristics
sols generally controlled by the conductivity relaxation, the dielectric response was observed
the high-frequency range (1-10° Hz) at low temperature (-50 - +10°C). This response was rest
ing from the presence of NPs in the solution. It was supposed that the relaxation was caused
motion of ion impurities on the Ag NPs surface within the carboxylate ligands shell. Dielect
properties of films strongly depended both on characteristics of NPs and on preparation con
tions of films. As in sols, the dc conductivity and dielectric response of Ag NPs in films was ¢
to ion impurities.

The work was carried out under financial support of Russian Foundation of Basic Resear
grant No. 08-03-12088_ofi.
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Polymer composites based on high aspect ratio nanofillers such as carbon nanotubes
(CNTs) and carbon nanofibers (CNFs) are receiving considerable attention because of
their unique multifunctional properties at very low filler loadingl’z. Among the several
factors that affect the properties of polymer composites, including dispersion and
distribution of the filler within the polymer matrix, the filler aspect ratio is a crucial
factor especially for electrical properties. The electrical percolation threshold, which is
the critical filler concentration that is required to initiate a conductive network within of
the insulating matrix, is known to decrease with increase in the filler aspect ratio. In this
work, we focus on the study of dielectric behaviour of composites based on polyamide
6,6 (PA66) and different contents of CNFs. Experiments were performed over films of
about 1 mm thickness, obtained by compression molding, using a Novocontrol system
integrating an ALPHA dielectric interface, in a frequency window of 102 < F/Hz < 10’
at room temperature. The electrical conductivity ¢ (F) as a function of frequency for
samples with different volume concentration, is depicted in Fig. 1.

As shown, for nanoadditive concentrations
equal or below 3 vol-%, o (F) follows a linear
dependence with frequency with a slope close to
1, which is characteristic of insulating materials.
For higher concentrations, ¢ (F) adopts a
characteristic behavior that can be formally
depicted by the so called universal dynamic
response3 described by a law of the type:

logglo /(S/em)]

P v 5%CNF
E v 6%CNF
* 7%CNF

- o(F)=o0,+0, =0, +A.F"

2 4 0 1 2 3 4 5 &

logyq (F/Hz)
Fig. 1. Frequency dependence of o (F) for  This law introduces a critical frequency, F,
PA66-CNF nanocomposites with different above which o (F) = 6.. o F'. From the fits of
vol-% nanoadditive concentrations . a )
the equation, the o4 values can be extracted.
For insulating samples, the conductivity at the lowest measured frequency (107 Hz)
been considered as 4. for comparative purpose. From the analysis of the results,
mechanism of charge transport in these systems will be discussed.
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The goal of this research is to determine the melting point of [6,6]-phenyl-Ce;-butyric
acid methyl ester, PCBM, in solution of 1,2-dichlorobenzene, ODCB. The melting point
is a crucial parameter in the determination of the liquid-solid equilibrium conditions
necessary to improve the morphology of PCBM, a molecule largely used in the active
layer of polymer based organic solar cells.

To measure the properties of concentrations down to 107 w/w%, where many of the
available experimental techniques fail due to a reduced signal to noise ratio, we
developed a new experimental method that allowed us to investigate phase transitions of
molecules in dilute solution.

The dielectric constant of the solutions was measured in a liquid parallel plate cell as
function of temperature and frequency at different heating and cooling rates. Melting
processes appeared as peaks in the temperature dependence of the dielectric constant, in
the same range determined from Wide Angle X-ray Diffraction, WAXD. The results
were used to construct the phase diagram of PCBM in ODCB.
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In the last decade the world chemical industry is highly focused on the new
technologies featuring cost cutting and carbon dioxide emission reduction, mainly by
lowering thresholds of energy reaction. Many classes of natural as well as artificial
substances can be used at different points of chemical reaction paths. One of such group
are “supramolecular ligands” systems, which belong to supramolecular chemistry.
Many unique properties like complexation, conformational minimising steric hindrance,
chelating metal ions of different size and key-and-lock matching mechanism make them
very attractive for modern chemistry and physics. The recognition of molecular motions
in the systems studied can provide insight into their structure-property relationship.

In our work we focused on P-Podand family (Phosphorous Podands) compounds
comprising different types of chains bounded to central phosphorous ion. Three types of
P-Podand systems with following types of chains: alkyl (P-[O-(CH,)i7-CH3]3), glycol
(P-[O-(CHzCH20)|5-CH3]3) and di-block glycol-alkyl (P-[O-(CHzCHzO)]o-(CHz)]5-
CHs]3)); were investigated by Differential Scanning Calorimetry (DSC), Nuclear
Magnetic Resonance (NMR), Broadband Dielectric Spectroscopy (BDS) as well as
Fourier Transform Infrared (FTIR) techniques [1].

The DSC studies show that the presence of alkyl groups causes stiffening of the
system in comparison with P-Podand with glycol chains. Moreover, in P-Podand with
glycol-alkyl chains, we observed two-stage crystallisation process interpreted as a result
of independent crystallizations of the alkyl and glycol blocks. The glycol-alkyl P-
Podand system shows self-assembling properties driven by amphiphilic interactions.
The spectroscopic methods (NMR and BDS) permitted us to distinguish three types of
motions: a) methyl groups rotation around the C; symmetry axis; b) segmental motions
of the alkyl groups and/or glycol groups in the disordered phase (depending on the
substance) and c¢) the overall motion (both rotational and translational). FTIR
investigations allowed to associate existing relaxation processes with appropriate
motions of chain’s fragments.
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