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Table 1: Physical properties of the nematic mixtures E7 and ZLI 2461. ZLI 2461 is dual
frequency addressable. The typical addressing frequency for E7 is 1 kHz. The table
displays the ordinary and extraordinary refractive indices n, and n. and the static
dielectric anisotropy Ae.

Optic Anisotropy Dielectric Anisotropy
n, n, (addressed by AC)
E7 1.7765 1.5225 Ae> 0

Ag> 0 for freq. < 8 kHz

ZL1 2461 1.6220 1.4920 Ae< 0 for freq, > 8 kHz

The refractive index of silica glass is nic,= 1.4585. The nematic mixtures E7 and ZLI 2461
(see table 1) exhibit the typical optical anisotropy of nematic liquid crystals. Both mixtures
have refractive indices nyicq < 1, < n.. By filling the porous cladding (figure 2), the guiding
mechanism of the fibre sample is converted to photonic band gap guidance. The typical
spectra of band gap guiding photonic crystal fibres exhibit transmission minima A, as
borders of defined transmission bands. After filling, the core (ngics) is surrounded by a
hexagonal array of anisotropic cylindrical inclusions with higher average refractive index.

Figure 2: By filling the porous cladding with nematics (nsiiica < 1, < 1) the average refractive
index is dramatically increased. The core is now surrounded by an array of
cylindrical inclusions with higher refractive index. Isotropic cylindrical inclusions
with higher refractive index in a background with lower refractive index can build
up a resonant cavity which is leaky for defined (vacuum-) wavelength A,,[4].
Light, which does not fall within this leaky wavelength region, is confined to the
core and transmitted through the fibre (transmission bands).

Figure 3: Director field inside the liquid crystal filled capillaries [2]. By polarizing
microscopic investigations on capillaries with a diameter <80 um, we related
glymo with planar and lecithin with the escaped radial alignment.
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Results

Filled fibres with defined anchoring conditions (lecithin, glymo) appeared to guide light with
explicit smaller attenuation than samples without. The spectra show transmission bands,
which is a proof for photonic band gap guidance. By applying electric static fields, the
director field of the liquid crystals inside the capillaries of the fiber cladding can be deformed.
This reorientation of the liquid crystalline molecules is reversible. Related to the different
combinations of nematic mixtures, fibers and anchoring conditions, various switching- and
shifting-effects were observed.

All of the investigated samples showed an on/off-switching effect. With rising applied electric
static fields a threshold voltage is reached, at which transmission switches off. With the
electric static field (above threshold) applied in y-direction, some samples favour to guide
light linear polarized in x-direction, so that a polarization contrast is created (figure 4,
figure 5). Figure 6 shows another interesting effect: With rising voltage, the transmission of
fiber (b) with planar anchoring and E7 first vanishes and reappears at higher voltages for
x-polarized light. This sample is an example for spectral blue-shifting (figure 6) of the
transmission bands, too. A preferred tendency for spectral red- or blue-shifting seems to arise
from the fibre structure: The samples with fibre (b) all showed blue shifts: E7 and glymo
(-0.1 nm/V ), E7 and lecithin (-0.01 nm/V,y), ZLI 2461 and glymo (-0.1 nm/ V).

Three samples with fibre (a) showed red shifts: E7 and glymo (0.25 nm/V,ns), E7 and lecithin
(0.1 nm/Vyms), ZLI 2461 and glymo (-0.22 nm/ V). Only one sample with fibre (b) showed
a blue shift: ZLI 2461 and lecithin (0.2 nm/V ). The maximum spectral shift was extracted
from the observed spectra and characterized in units of AA/AV [nm/Vims] (A: wavelength,
U: applied voltage, positive sign: red shift and vice versa). Samples with ZLI 2461 offer the
opportunity of addressing the switching effect(s) not just by applying a voltage (AC) with
constant frequency but also to switch from a lower frequency to a higher frequency at
constant amplitude (figure 7).
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Figure 4: Fibre (a) with planar anchoring, filled with ZLI2461. Photographs showing the
optical near field for y-polarized light (left side) and x-polarized light (right side).
The switching contrast related to the step from the no-field state to
240 Vims @ 1 kHz is =15 dB for x-polarized light and ~11 dB for y-polarized light.
The bar in the upper left corner is correlated to a length of 10 pm.
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15000 1 | ; Figure 6: Fiber (b) with planar
| 86 V., x-polarized anchoring and E7. Above threshold
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480V, x-polarized spectral shifting occurs. With rising
voltage, the transmission bands ‘a’ to
‘m’ all shift towards shorter wavelength
(blue-shift). The x-polarized
transmission bands grow with rising
voltage: The integral intensity grows,
too. Therefore, this is an example for
reappearing transmission at voltages
‘ ) larger than the threshold voltage.
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Novel electro-optic multistage switching in a polar smectic
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Polar liquid crystal phases of bent-core mesogens are an exciting and beautiful object of soft
condensed matter. An intricate interplay between chirality and polarity of the phase structure
leads to a variety of morphologies and different types of dynamic behaviour observed in these
new "banana phases"'. Probably the best investigated of these new polar smectic phases is the
SmCP-phase. In this polar smectic phase, spontaneous symmetry breaking occurs due to the
distinct possible arrangements of molecular tilt, director and polarity. This could lead to chiral
phase structures although a single banana molecule is achiral. Most of these SmCP-phases are
antiferroelectic, they possess an antiferroelectric ground state and two ferroelectric states of
opposite polarity, the transition between these distinct states shows a threshold behaviour.

We report a very unusual and totally unprecedented electro-optic behaviour in a polar smectic
phase of a bent-core mesogen, which cannot be attributed to either conventional antiferro-,

ferri- or ferroelectric structures. Fig.1 shows the mesogen SF697, which was synthezized by
the group of Prof. Weissflog at Martin-Luther-Universitdt Halle, Institute of Physical

Chemistry.
e
o N N 0
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Figure 1: Structural formula of mesogen SF-697

Hapi

Although x-ray investigations have shown a tilted smectic phase without in-plane order, the
switching properties turned out to be very distinctive from those of typical ferro- or
antiferroelectric banana phases (for the time being, the phase is designated SmX). The
determination of the spontaneous polarization in dependence of the electric field a triangular
waveform voltage is applied across the liquid crystal cell and five peaks per half period could
be observed.

The four peaks at higher fields are accompanied by a remarkable change of texture and a

strong increase of birefringence when observed in polarizing microscope. At lower voltages, a
nearly continuous switching occurs.
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Figure 2: Repolarization current response using triangular waveform voltage

There is hardly any change in birefringence, but the direction of optical extinction rotates
from a direction parallel to the smectic layer normal at E=0 up to a value of 45° before the
first discontinuous change in birefringence takes place. The switched spontaneous
polarization is high (approx 200nC/cm?), typical for polar banana phases. These results have
been confirmed by measurements of Second-Harmonic-Generation activity in the distinct
states of the switching process (Fig.3).
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Figure 3: SHG-activity in dependence of the applied electric field
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To get a deeper insight into the optical properties of the switched states in the SmX-phase, we
performed computations of birefringence and the extinction direction for synclinic and
anticlinic arrangements of bent-shaped molecules assuming biaxiality of the e-tensor. Those
calculations have shown that a little change of the azimuthal angle by around 10° in case of
bent-shaped molecules leads to an appearant tilt of almoust 45°. These findings indicate that
the continuous switching can be attributed to a pre-transitional reorientation of the bent-
shaped molecules. Based on these experimental results, possible structural arrangements of
the mesogens in these distinct states of this mesophase are discussed.

These results are related to the investigations of the phase with a birefringent texture of this
material, but also another phase could be observed after cooling of the liquid crystal from the
isotropic liquid. Under crossed polarizers it appears dark (optically isotropic) and without
birefringence, but contains optical active domains. This phase could not be switched in
electric fields and no peaks could be found in measurement of repolarization current. It seems
to coexist with the switchable phase with birefringent texture and, at high electric fields, could
be transformed into the latter. There is a possibility, that this is a new observation of the so-
called “dark-conglomerate-phase”, the structure of which is not known yet but is suggested to
be the thermotropic analogue of the "sponge-phase" found in lyotropic liquid crystals, where
smectic layers are undulated and form a cubic lattice on a scale much smaller than the visible
wavelength of light. Based on this model, a liquid crystal could appear to be optical isotropic
but, due to the chirality of the smectic layers, still show optical activity.
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Swelling of Interpenetrating Polymer Networks in Anisotropic
Solvents
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The present communication concerns studies of poly (n-butyl-acrylate) and poly (2-
ethylhexylacrylate) polymer network materials. The corresponding interpenetrating polymer
networks (IPN) composed of both polymer networks were also considered. These chemically
crosslinked systems were prepared by in-situ ultraviolet (UV) photo-polymerization of homo-
geneous mixtures of acrylate monomers, a difunctional chemical agent and a small amount of
an appropriate photoinitiator. The elaborated samples were obtained as cylindrical solid rub-
bers which usually show volume changes when an isotropic or anisotropic (liquid crystal)
solvent is added to the dry networks.

Immersion in excess solvent allows to measure the solvent uptake by weight and to determine
the size increase of the sample as a function of time. In the case of liquid crystals as anisot-
ropic solvents, the kinetics of swelling was followed by optical microscopy as function of
temperature and time. Weight and diameter ratios were calculated considering the swollen-to-
dry network states of the samples.

The results were rationalized by taking into account polymer—solvent interaction parameters
which were deduced as a function of the solubility parameters of the different components,
estimated by Fedors model [1]. A major aim of this work was to assess with accuracy the rela-
tionship between various conditions of polymer network preparation and the kinetics of sol-
vent diffusion. The well-known diffusion model of Fick was applied to provide calculated fits
of the experimental data.
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Dielectric characterization of polymer dispersed liquid crystals:
influence of polymer network and sample morphology
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Polymer dispersed liquid crystal (PDLC) systems have received great attention due to their
electro-optic applications such as flexible displays or switchable windows.

In this work, we investigate the influence of the architecture of the polymer network of se-
lected PDLC materials on their dielectric properties. A large number of PDLC films are pre-
pared by the ultraviolet (UV)-photopolymerization induced phase separation method initiated
by mixing a reactive monomer, a low molecular weight liquid crystal, and a photoinitiator.
The obtained PDLC films, exhibiting phase separated liquid crystal domain sizes varying
from nano to micron size, are elaborated as function of the concentration of the nematic liquid
crystal using different precursor monomers. Three UV-curable difunctional acrylates, which
belong to the family of propylene glycol diacrylates, are employed.

In order to characterize the PDLC films by dielectric spectroscopy, complex permittivity
measurements are carried out in the frequency range 20Hz-10MHz, with and without dc bias
electric field. The dielectric data of the obtained PDLC films are compared to those of the
pure liquid crystal and of the polymer networks elaborated in the absence of liquid crystal. A
contribution of these pure components is observed on the dielectric spectra of the composite
materials. The results are explained particularly by the morphology of the elaborated poly-
mer/liquid crystal systems related to liquid crystal domain sizes and shapes, density, etc. The
influence of the crosslinking density of the chemically crosslinked polymer networks is also
considered.
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The fields of photopolymerization and photoimaging science are fields of central importance
in polymer science and technology. These technologies need the use of photoinitiator systems,
which are capable of absorbing the incident UV and/or visible radiation wavelengths used for
converting a monomer or prepolymer system into chemically crosslinked polymer networks
or linear polymers, depending essentially on the functionality of the precursors. Recently,
efforts were made to investigate new photoinitiator systems and especially dye photoiniti-
ateurs such as thioxanthone (TX) derivatives, anthraquinone, and fluorenone [1].

In some cases, polymerization/crosslinking reactions cannot take place, since low molecular
weight dyes are generally light absorbents when added to the initial monomer/photoinitator
blends. Since dyes usually possess a sterically hindered structure, the solubility of the compo-
nents in the initial blend will be reduced thus limiting the concentration of the dye in the mix-
ture.

In this work, selected monomer/dye/liquid crystal blends were exposed to UV light irradia-
tion, and the electro-optical properties of these films were obtained as function of wavelength,
frequency, and voltage of the applied electrical field. The obtained transmission versus volt-
age curves depend on the composition of the initial blends, film thickness, morphology and
other parameters. Several experimental techniques were employed to characterize the samples
including infrared spectroscopy, ultraviolet spectroscopy, and differential scanning calo-
rimetry. Moreover, colored liquid crystal/polymer samples were elaborated by exposure to
electron beam (EB) irradiation. It has already been shown that EB-cured polymer/liquid crys-
tal films exhibit a well defined morphology and show better electrooptical performances as
compared to the UV-cured samples [2].
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Dispersions of liquid crystals (LCs) in polymeric materials, discovered more than twenty
years ago by Fergason [1,2] and extensively studied all over the world, represent great poten-
tial essentially because of the wide range of possible applications for electro-optical devices
such as smart windows and information displays [3-5]. In their most common form, PDLC
films are made of micron-sized LC droplets dispersed in a solid polymer matrix. The orienta-
tion of the LC molecules inside the droplets change upon application of an electrical field and
under certain conditions, the intensity of the transmitted light can be varied between an
opaque off-state to a transparent on-state.

The dynamics of the fluctuations from nematic LC / polymer systems was studied by the light
scattering technique, which gives access to the relaxation rates of the various elastic modes in
these systems. These characteristic modes are obtained experimentally by combining the re-
sults of three different scattering configurations. Some values of the elastic constants are pro-
vided by the Freedericks transition method. The results showed a variation of these parame-
ters according to the degree of confinement of the LC in the mono-domains. A significant
increase of the relaxation times was observed.
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This investigation reports on static and dynamic mechanical properties of cross-linked Poly
(tripropyleneglycoldiacrylate) (Poly-TPGDA) networks, elaborated via radical polymerization
processes induced by Electron Beam (EB) and Ultraviolet (UV) radiation. The EB-cured
Poly-TPGDA network exhibits a higher glass transition temperature, higher tensile storage
and Young moduli than the UV-cured sample, indicating a lower elasticity and a shorter dis-
tance between two neighboring chemical cross-linking points.

The presence of low molecular weight liquid crystal (LC) molecules in the polymer matrix
modifies dramatically the dynamic and static mechanical behavior of the obtained composite
materials. In particular, a strong temperature dependence on the storage tensile modulus was
found for EB-cured Poly(TPGDA) networks, including 40-60 wt.-% LC: Above the glass
transition temperature 7, (LC), the LC behaves as a plasticizing agent thus weakening the
mechanical strength of the polymer film, whereas at temperatures below 7, (LC), the LC rein-
forces the polymer by an increase of the storage tensile modulus up to a factor 2, due to the
presence of phase separated glassy LC domains. The degree of reinforcement of the modulus
can thus be controlled by temperature variation. In the case of the UV-cured TPGDA/LC sys-
tem, the plasticizing effect of the LC remains dominant in the whole temperature range ex-
plored by the experiments, from -100 to +100°C.

The experimental mechanical data from these polymer/LC systems were analyzed using
different models of composite materials composed of polymers and filler particles. The results
of the models of Guth [1] and Ray/Bhowmick [2], correlating the modulus with the volume
concentration of the filler, were found to be in good agreement with the experiments. An
extension of the latter theory was proposed to consider particularly for polymer/filler
interactions.
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The electro-optic properties of polymer/liquid crystal dispersions are strongly influenced by
size and shape of the segregated liquid crystal domains which vary throughout the phase dia-
gram of these binary systems [1]. The phase diagram of deuterated polystyrene (dPS, 59300
g/mol) and 4-cyano-4' -octylbiphenyl (8CB) was established by Polarized Optical Microscopy
and Differential Scanning Calorimetry (DSC) on a large temperature and composition range.
The knowledge of the segregated fraction of 8CB-domains from DSC measurements is re-
quired to understand the effects of LC confined within the matrix polymer. The calorimetric
results were found to be in good agreement with the theoretical predictions from Smith [2].
The segregation of 8CB from the polymer begins above a concentration of 45% liquid crystal.
The structure of the 8CB/dPS system was investigated by small angle neutron scattering
(SANS). This technique represents a valuable tool to analyse these systems and to probe the
polymer/liquid crystal interface on an adapted length scale. Neutron scattering measurements
were carried out as function of temperature and composition

The Bragg peak analysis show the effects
due to morphology and structure of the
liquid crystal domains (Fig.1), together
with the swelling of the polymer chains in
the presence of small amount of liquid
crystal. In the smectic A phase, confined
8CB molecules adopt a partial bilayer
structure. This configuration at the poly-
mer/LC interface is maintained during few
degrees into the nematic phase [3]. At the
SmA-N transition, a reorganisation of the
morphology was clearly observed.

Figure 1: SANS analysis showing a strong anisotropy due to the structure of confined 8CB.
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Schiff bases and their corresponding transition metal complexes possess important features
because of their easy one-step preparation, high stability at standard conditions, and strong
interactions in different media such as alcohols, chlorinated solvants, DMF, and DMSO. This
behaviour is related to the chemical structures of the complexes compared to the solvant.

The ferromagnetic and anti-ferromagnetic exchange was observed in a number of or-
ganometallic systems. The particular interest of these complexes is related to the presence of
phenoxo and alkoxo bridge groups as carrier of oxygen, and can be considered as biomimetic
models. They are largely used as catalysts in oxidation reactions of aromatic and aliphatic
compounds.

Two types of Schiff bases were synthesized by condensation of 1,3-diamino-2-propanol with
salicylaldehyde and 2-pyridinecarboxaldehyde in a 1:2 molar ratio : 1,3-Bis (sali-
cylideneamino)-2-propanol and 1,3-Bis [1-(pyridine-2-yl) methylideneamino]-2-propanol,
respectively. Their copper (II), Nickel (IT) and Iron (III) complexes were isolated and recrys-
talized from ethanol as solvant. All these compounds were characterized by elemental analy-
sis, H'-NMR-, FTIR-, UV-Visible- and mass spectroscopies. The results show that binucleat-
ing complexes were obtained possessing strong absorption of light particularly in the range of
the visible light spectrum between 400 and 770nm.

Our interest in this work is focussed on the elaboration and characterization of transition
metal complex/polymer/liquid crystal hybrid systems composed of a dispersion of either pen-
tadentate Schiff bases or their metal complexes in the appropriate polymer/liquid crystal sys-
tem. Preparation of these materials was achieved by mixing an acrylic monomer, a nematic
liquid crystal, a photoinitiator as well as a Schiff base (or the metal complex) together at room
temperature. The obtained blends were exposed to a certain irradiation dose using UV or visi-
ble light [1]. These materials present very interesting optical properties such as luminescence
and fluorescence compared to the transition metal complexes.

In particular, we report in this work on the influence of the content of liquid crystal and the
dispersed components on the degree of polymerization. Mechanical and optical properties [2]
of these hybrid systems were investigated.
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Equilibrium swelling and drying kinetics of liquid crystalline hy-
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Hydrogels are water-based polymer networks that can be designed to expand and contract in
response to various external stimuli. They have been used as models for fundamental investi-
gations in phase transitions and for applications in biomaterials and controlled drug delivery.
For example, poly(acrylamide) hydrogels have received significant attention in recent years
because of their broad application in drug delivery, biological membranes, and separation
devices.

In this work, an attempt was made to combine liquid crystalline order and polymer gels, and
in particular to investigate the solvent interactions of liquid crystal-hydrogel systems. Iso-
tropic hydrogels were synthesized by varying the cross-linking density of the polymer net-
work, and then studied by evaluating the swelling and drying of these hydrogels in an anisot-
ropic solvent (liquid crystal). Moreover, the initial monomer mixture was polymerized to-
gether with a certain quantity of liquid crystal, and the resulting polymer/liquid crystal gels
were submitted to isotropic solvents.

The systems studied are [poly(hydroxyethylmethacrylatea(HEMA)/ ethyleneglycol dimethyl
methacrylate(EGDMA)], elaborated under UV-curing of monomer mixtures in the presence
of a photoinitiator(Darocur 1173).

Immersion of these networks in excess solvent allows measurements of the solvent uptake by
determination of the increase of the diameter of the samples via optical microscopy as func-
tion of time at several temperatures. Kinetic studies of swelling and drying the polymer gels
in different media yield information of the quantity of absorbed solvent with time. A particu-
lar interest was given to the investigation of retention and release of anisotropic and isotropic
solvents. Experimental data are rationalized using the Fickian diffusion model.

The elaborated polymer networks and hydrogels were characterized by Fourier Transform
InfraRed (FTIR) spectroscopy, UV-visible spectroscopy, NMR spectroscopy, Thermogravim-
etric analysis (TGA), and Differential Scanning Calorimetry (DSC). The morphology of the
obtained samples was studied using scanning electron microscopy (SEM).
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Investigation of liquid crystalline properties of all symmetric p-
phenylene and 2,5-thiophene pentamers
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Introduction

Organic conducting materials are of interest for future opto-electronic applications, such as
light emitting diodes, solar cells and field-effect transistors, due to their flexibility, low-
weight and low production costs. Despite these advantages, applications for these materials
are limited by low charge carrier mobility and instability of the organics in the atmosphere.
The charge carrier mobility will be higher for higher ordered materials. [1] To order mole-
cules over a large area, liquid crystal states can be used. All symmetric pentamers of p-
phenylene and 2,5-thiophene were synthesized. The pentamers have different structures, ge-
ometries and bond angles. The influence of this on the liquid crystalline phase transitions has
been measured by polarized optical microscopy (POM).

Experiment
OO0

OonoQ  C0ono®

TPTPT

O PPTPP O \s/ /S\ 5 A

TTPTT

Q \s/ /s\ \S/ O /,\ \s/ /,\ \s/ /s\

These compounds are synthesized via Suzuki coupling reactions as is shown in scheme 1. By
replacing p-phenylene rings with 2,5-thiophene rings all symmetric pentamers have been pre-
pared.

Pd(PPhg),
oH 1,2-DME
/ 2M-NaCO,
E\ Br: Br ——
OH

Scheme 1. Suzuki coupling reaction
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Results and discussion

The liquid crystalline phase transitions of PPPPP and PPTPP have been described in the lite-
rature. [2] The Cr-N transition is found to be 60°C lower when the middle ring is a thiopene
which causes the molecule to be bent.

TPPPT shows a nematic phase appearing at 318°C, but under the microscope gas bubbles can
be seen due to degradation at these temperatures. So analysis of the various phases is prob-
lematic for this compound.

The Cr-N transition of TPTPT is at 330°C, similar to PPTPP. The N-I phase transition is at
366°C, which is almost 30°C higher than PPTPP.

The phase transition temperatures of PTPTP are even further decreased to 270°C and 305°C
for the Cr-N and N-I transitions respectively. This molecule can have two stable conforma-
tions, respectively with a S or a C shaped conformation.

PTTTP show over a small temperature range a nematic phase from 278°C to 282°C. No liquid
crystalline phases were found for TTTTT. These molecules can have several conformations.
This causes these molecules to be less rigid, which can explain the lower phase transitions and
lack of liquid crystalline phases.

IcCr
AN
PPPPP Cr388 N 420 |
I I
TPPPT Cr318 N 2| (deg.) ‘
£ T T
PPTPP Cr329 N 337 | a
£ T
TPTPT Cr 330 N 366
PTPTP Cr270 N 305 |
TTPTT | Coming:sgon
PTTTP Cr278 N 2821
= I
TTTTT crasol |
————Cr2s01l |
0 100 200 300 400

Temperature (°C)

Fig. 1 Phase-transitions of all symmetric p-phenylene/2,5 thiophene pentamers
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Studies of director fields around colloidal particles in a liquid
crystal host
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Introduction

Fluorescence confocal polarizing microscopy (FCPM) is a three-dimensional imaging
technique, which was used previously to study liquid crystal director fields in micrometer
sized cavities [1,2]. In this contribution, the inverse problem is examined. We present results
concerning director fields around both spherical and elongated particles immersed in an
aligned liquid crystal host. In Fig. 1, the well-known basic set-up is illustrated. A colloidal
particle with a homeotropic orientation of the liquid crystal at the surface adds a +1
topological charge to a uniform nematic environment. Relaxation of the director-field can
result in two different structures: Either a negatively charged point defect is formed (dipole or
satellite configuration) or the system develops a surface-ring of strength — 2 (quadrupolar or
Saturn-ring configuration) [3,4]. In the second part of this contribution the rarely studied
elongated particles are examined. The obtained FCPM-pictures are compared to numerical
simulations based on the alignment-tensor representation [5].
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By embedding a sphere with perpendicular anchoring into a uniformly aligned liquid crystal a
+1 topological charge is added to a non-charged environment. Conservation of the topological
charge requires the appearance of an additional defect with opposite charge which can be ei-
ther point-like (dipolar configuration, lower left) or ring-like (quadrupolar configuration,
lower right).

Figure 1:
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Experimental setup

For our FCPM-studies of colloidal particles, we used wedge cells (Fig. 2) consisting of
rubbed cover-slips, which had been coated with polyvinyl alcohol (PVA) to ensure planar
anchoring. The microspheres, made of silica (diameter D ~ 0,5 pm) and melamine (D ~ 1,8
um), were pretreated with N,N-dimethyl-N-octadecyl-3-aminopropyl-trimethoxysilylchlorid
(DMOAP) for homeotropic anchoring.

Figure 2:

Wedge cell for the study of nematic director-fields around spherical particles. The cell is filled
with the nematic liquid crystal 5CB. The director is denoted by n.

In the second part of this study we examined glass-rods with a diameter of 4 pm and an aspect
ratio of 1.5 — 4. Accounting for the larger size of the particles, a cell thickness of 10 pym and a
liquid crystal mixture with a small optical birefringence (MLC-6609, An = 0.0777) were used.

Results and Discussion

Figure 3 shows typical FCPM images of the Saturn-ring (a) and the satellite defect (b). The
results are in agreement with theoretical calculations, which predict a higher stability of the
Saturn-ring configuration for small radii and a prevalence of the satellite at higher radii [6].
We found no indication that the observed configuration depends on the layer thickness.

i e
a) H by 2HmM

Figure 3:

FCPM images of embedded silica micro-spheres (diameter ~ 0.4 um) indicate the quadrupolar
configuration (a), while FCPM images of melamine microspheres (diameter ~ 1,7 um) indi-
cate the dipolar configuration (b).
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Computer simulation of a quadrupolar director field and its FCPM image. The fluorescence
intensity I is calculated from the director field via the equation I o cos*a, where o designates
the angle between the electric field vector of the polarized light and the local director.

Figure 4:

Recently, anisotropic particles suspended in a nematic liquid crystal gained scientific attention
from both theoreticians and experimentalists [7,8]. Here, we present FCPM-images from two
different orientations of glass-rods in the aligned liquid crystal host (Fig. 5). The images are
in good agreement with calculations based on the Q-tensor algorithm [Fig. 6].

In summary, we have shown that FCPM is a well suited technique to probe the director orien-
tation in the vicinity of micro-particles. The results presented here are the introduction to fur-
ther research on anisotropic nanoparticles.

—
a) 4 pm

Figure 5:

FCPM image for a micro-rod (diameter ~ 4 pm) that is approximately perpendicular (a) and
parallel (b) to the director, respectively.
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b)E

Figure 6:

Simulated director field (a) and the corresponding FCPM-patterns (b) of a micro-rod that is
aligned perpendicular to the director.

References

(1]

(2]
(3]
(4]
(5]

(6]

(7]

(8]

H. Matthias, T. Roder, S. Matthias, R. B. Wehrspohn, S. Picken and H.-S. Kitzerow:
“Spatially Periodic Liquid Crystal Director Field Appearing in a Photonic Crystal Tem-
plate”, Appl. Phys. Lett. 87, 241105 (2005)

H. Matthias, S. L. Schweizer, R. B. Wehrspohn and H.-S. Kitzerow: “Liquid crystal di-
rector fields in micropores of photonic crystals” J. Opt. A 9, 389-395 (2007)

E. M. Terentjev: “Disclination loops, standing alone and around solid particles, in
nematic liquid crystals”, Phys. Rev. E 51, 1330-1337 (1995)

P. Poulin, N. Frances, O. Mondain-Monval: “Suspension of spherical particles in

nematic solutions of disks and rods”, Phys. Rev. E 59, 4384-4387 (1999).

Mori, H; Gartland; E. C.; Kelly, J. R.; Bos, P. J.: “Multidimensional Director Modeling
Using the Q Tensor Representation in a Liquid Crystal Cell and its Application to the &
Cell with Patterned Electrodes”, Jpn. J. Appl. Phys. 38, 135-146 (1999)

D. Andrienko, G. Germano, M. P. Allen: ,,Computer simulation of topological defects
around a colloidal particle or droplet dispersed in a nematic host”, Phys. Rev. E, 63,
041701 (2001)

C. Lapointe, A. Hultgren, D. M. Silevitch, E. J. Felton, D. H. Reich, R. L. Leheny: “Elas-
tic Torque and the Levitation of Metal Wires by a Nematic Liquid Crystal”, Science 303,
652-655 (2004)

F. R. Hung, O. Guzman, B. T. Gettelfinger, N. L. Abbott, J. J. de Pablo: “Anisotropic
nanoparticles immersed in a nematic liquid crystal: Defect structures and potentials of
mean force®, Phys. Rev. E 74, 011711 (2006)

226



P 36

Photorefractive properties of Polymer-Dispersed-Liquid-Crystals
doped with TMPD
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Abstract

in flat panel displays. Besides their application in flat panel displays liquid crystals become
important in the field of organic electronics and photonics. The photorefractive system
described here consists of small droplets of a low molar mass liquid crystal. These droplets
are dispersed in a photoconducting polymer. The experiments with two-beam coupling show
a high performance at external voltages of some kV.

Introduction

Despite the extensive research of photorefractivity in inorganic crystals [1] in the past, they
are still an important subject for investigation. Their possible features include both reversible
writing and fixing of storage holograms. After discovering high photorefractive performances,
photoconducting polymers and other organic glasses have been intensely studied for the last
decade [2]. Besides the homogeneous organic glasses there are systems, which apply liquid
crystals as the electro-optical components.

The photorefractive effect is based on spatial modulation of the refractive index due to charge
redistribution in optically nonlinear materials. The spatially modulated light intensity
generates charge carriers, which become trapped to produce a nonuniform space-charge
distribution after being separated by drift and diffusion processes. The internal space-charge
field modulates the refractive index and creates a phase grating. Therefore the incident light
beams are diffracted and energy can be transferred between two beams.

After the report of increase of the diffraction efficiency and the gain by Bolink et al. [3],
TMPD (N,N,N,N-Tetramethylp-phenylendiamine) was used as dopant.

Experiment

Polymer-Dispersed-Liquid-Crystal (PDLC) samples [4] were produced and investigated.
They consist of the photoconductive matrix PSX3 (Poly-[methyl-3-(9-carbazolyl)-
propyl)siloxan]), the photosensitizer Cg (Fluka) and the nematic liquid-crystal mixture
TL202 (Merck, Darmstadt) for the electro-optical effects. These PDLCs were doped with
TMPD. (61.1-x) % PSX3, 38.3 % TL202, 0.6 % Ce¢ and x % TMPD were dissolved in
toluene and mixed thoroughly. The solvent was completely evaporated at 100° C. ITO-coated
test cells (E.H.C.) of 50 pm thickness were used for applying an external electric field.
Capillary forces helped to fill the cells at 80° C with the mixture. The test cells were rapidly
cooled to 0° C in order to get adequately small liquid crystal droplets. The measurements
were taken at room temperature.

The Samples were investigated by two-beam coupling experiments, which describes the
energy transfer from one of the incident beam to the other. The diffraction efficiency was
measured by four-wave mixing. For measuring the gain coefficient I' and the diffraction
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efficiency 1, a tilted geometry (Fig. 1) was used. A temperature stabilized diode laser wrote
the gratings by a Gaussian beam profile and a beam diameter of 500 pum at the position of the
sample. The laser beam splits into two coherent beams. Both of them are p-polarized by
optical retarders and polarizes. With respect to the bisector of the two writing beams the
sample is tilted by 50°. Thus they interfere under an external angle of 21.6°. The result is a
spatially periodic intensity variation with a grating constant of 2.2 um. Both beams can be
switched off separately by two shutters.

() p; Figure 1: Experimental assembly
for two-beam coupling and four-
wave mixing experiments. P:
polarizers; S1, S2:

D2  shutters; BS: beam splitters; D:
detectors: L1, L2: laser diodes;
M2: optical Retarders.

The gain can be calculated by the relation

1 j, r 47 Ansin(p, )

1 1
F—d[cosﬁl lnl—l—cosﬂ2 In—% (1)

10 20

" Jcos((6,+6,)/2)

where d is the thickness of the sample, 0, and 0, are the internal angles between the writing
beams and the sample normal. The intensities of the writing beams under interference
conditions are I; and I,. The intensities of a single beam when the other writing beam is
turned off are I,y and Iy, respectively. Using the probe beam from a second laser, which is
counter propagating to one of the writing beams, the diffraction efficiency can be measured
simultaneously. By illuminating the sample with two writing beams or just one erasing beam
it is possible to write or erase the grating structures. Several induction processes for each
sample were executed to characterize the induction and decay of the grating (Fig. 2).
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wf ] Ny N N

200 . — —

L l ’ Figure. 2: Above: the intensities of the two writing
> > %

beams. Below: Optical gain coefficient as a function
of time.
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Gain [1/cm]
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time [s]

In addition, a moving grating (MG) experiment was used to measure the phase and the
amplitude of the induced gratings. During the experiment, the phase grating is induced
completely. Subsequently, the sample is shifted laterally with a relatively high speed (about
Imm/s) . The dependence of the intensities I; and I, which are measured by the detectors D,
and D, behind the sample (Fig. 1) can be described by the relation

0.5-Aacose, F(mAn/A)cosg,

2
Jcosé, cosb, @

228

]1,2 :]m,zo _]Md



P 36

where Iy describes the intensity variation that can appear due to the induced gratings. Aa and
(@, are amplitude and phase of the induced grating-like variation of the absorption coefficient.
An and ¢, are the amplitude and phase of the induced refractive index modulation. Because
of the phase shift of the grating, the signals I;(t) and I»(t) are modulated periodically. These
signals can be transformed from time-dependent into position dependent functions. From their
sums and differences

I" =1, +1, =1,y + 1,y —1,d(cos6, cos8,)"* - Aa cosp, and

3)
I =1,—1,=1,—1I,+2I,d(cos cos6,)"* -(zAn/ A) cosp, ,

the values of Aa, @,, An and @, can be calculated.

Results

Samples with high (x > 10%) and low (x < 10%) concentrations of TMPD were investigated
by experiments of two-beam coupling and four-wave mixing. For one sample, TMPD was
used as a complete substitute of PSX3. This sample and the samples with high concentrations
of TMPD did not show any photorefractive effects. Below a TMPD-concentration of 8 %, the
photorefractive effect appeared. The measured gain-values were smaller than those of the
samples without TMPD (Fig. 3a). This result is in qualitative agreement with the moving
grating experiments, which indicate that the amplitude An of the refractive index modulation
decreases (Fig. 3b). However the phase shift ¢ of the induced grating decreases with
increasing concentration ¢ for ¢ < 1,1% TMPD and increases again for ¢ > 1,1% TMPD (Fig.
3c).
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% orx 1 Figure 3: a) optical gain coefficient (cross dots:
20 X 1 calculated from An and ¢ by eq. (1), cirle dots:
10f {4 | measured by TBC), b) amplitude of the induced
sl ] refractive index An and c) phase shift amplitude of
5 , 5 " . . ; s | the induced refractive index modulation as a function
TMPD proportion [%] c) of TMPD proportion
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Discussion and Conclusion

In order to get higher values for the gain, it is desired to achieve high amplitudes An of the
refractive index modulation and a phase shift of 90° (eq. (1)). The refractive index change An
is proportional to the space charge field. According to the standard model of photorefractivity
[5], the applied field causes a migration of the excited electrons until they are captured in the
traps. The effective trap density Nt limits the maximum saturation field. By neglecting the
diffusion field, the space charge field Esc and the phase shift ¢ [2] are given by:

E,-E 1 E N.
‘ESC‘ re—"K _ withc:= m—20__ and @ ~arctan—,  with E =S “)
wE§+E,2< I,+Bhv Eg Keg,

For small values of the projection of the applied field Ex, the space charge field Egc increases

linearly with the applied field strength; for large values of Ex, the space charge field becomes
saturated:

1) Ex <<Es: ‘ESC‘zCEK or 2) Ex>>Es: ‘ESC‘zCES=const.

In order to enhance the space charge field, both the external field Ex and the saturation field
need to be large. The small phase shift of only 19.8° observed in the sample with 1.1% TMPD
(Fig. 3c) seems to indicate that we succeeded in enhancing the intrinsic trap density (Fig. 4)
and thus the saturation field Es. However to take advantage of the increase of Eg, we also
need to increase Ex. If so, we expect that the gain can be enhanced with respect compared to
the undoped system. Further research to verify this expectation is in progress.
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Any pattern forming instability in nematic liquid crystals is associated with director distor-
tions which imply spatial modulations of the refractive index tensor as well. This fact is ex-
ploited in the framework of standard diffraction or shadowgraph methods, where the patterns
are visualized optically. One uses light with wavelength, A, , which is typically much smaller
than the length scale, A, , of the patterns. Thus it is natural to introduce a short-wavelength
(eikonal) analysis [1], which involves a systematic expansion of the Maxwell equations in
powers of the small parameter A, /Ao.

It is demonstrated that in this way the relation between director distortions and optics be-
comes most transparent, since most calculations can be performed quasi-analytically. The
new method is much simpler to use than common geometrical optics (Fermat's principle) and
allows in particular assessing the rotation of the optical axes in three dimensions. For the sim-
ple case of an in-plane variation of the optical axes we recover immediately the expressions
given in [2].

References

[1] M. Born and E. Wolf, Principles of Optics, (Pergamon, Oxford, 1996).
[2] S.P. Trainoff and D. Canell, Phys. Fluids 14, 1340 (2002).

231



232



List of Participants






Bahr, C., Dr.

Max-Planck-Institut fiir Dynamik und Selb-
storganisation

Bunsenstr. 10, 37073 Géttingen
christian.bahr@ds.mpg.de

011,P13

Balakrishnan, R., Dr.

Pune University
HOD, Applied Sc Department, CME, India,
411031

gogosai@yahoo.com

Benning, C.
Universitit Freiburg
Stefan-Meier-5tr.31, 79104 Freiburg

Cosima.Benning@makro.uni-freiburg.de
P22

Blunk, D., Dr.
Universitit zu Koln
Greinstrafle 4, 50339 Koln
d.blunk@uni-koeln.de
03,04

Bohley, Ch., Dr.

Otto-von-Guericke Universitit Magdeburg
Universititsplatz 2, 39106 Magdeburg
christian.bohley@physik.uni-magdeburg.de
P11

Brillault, J.

Universitit Freiburg
Stefan-Meierstr.31, 79104 Freiburg
jens.brillault@makro.uni-freiburg.de
P15

Brombach, F.

Universitit zu Koln
Greinstrafie 4, 50339 Koln

florianbrombach@netcologne.de

Brommel, F.

Universitit Freiburg

Stefan-Meier Str. 31, 79104 Freiburg
felicitas.broemmel@makro.uni-freiburg.de

014

Catanoiu, G.
Universitit zu Koln
Greinstrafie 4, 50339 Koln
gcatanoi@uni-koeln.de

o3

Dadivanyan, N.

Universitit Freiburg

Stefan-Meier-Str. 31, 79104, Freiburg
natalia.dadivanyan@makro.uni-freiburg.de
P17

Dawin, U.C.
Universitit Stuttgart
Pfaffenwaldring 55, 70569 Stuttgart

u.dawin@ipc.uni-stuttgart.de
P14

Detert, H., Dr.

Universitit Mainz

Duesbergweg 10 — 14, 55122 Mainz
detert@uni-mainz.de

P5

Dingemans, T., Dr.

Delft University of Technology
Kluyverweg 1, 2629 HS, Delft, Niederlande
t.j.dingemans@tudelft.nl

012

Dolganov, P, Dr.
Institute of Solid State Physics

235



142432 Chernogolovka, Russia
pauldol@issp.ac.ru
I4

Dringenberg, b.J., Dr.

LAT - Labor und Analysen-Technik GmbH
Heinkelstr. 10, 30827 Garbsen
BJD@LATonline.de

Elouali, F.Z.
Universitit Lille

Bit. C6 cite Scientifique, F-59655 Villeneuve

D’ASCQ, France
elouali_fatimazohra@yahoo.fr

P33

Enz, E.
Martin-Luther Universitit Halle
Mihlpforte 1,06108 Halle

eva.enz@chemie.uni-halle.de
P7

Eremin, A., Dr.
Otto-von-Guericke Universitit Magdeburg
Universititsplatz 2, 39106 Magdeburg

alexey.eremin@physik.uni-magdeburg.de
12, P25

Finkelmann, H., Prof., Dr.
Albert-Ludwigs-Universitit Freiburg
Institut fiir Makromolekulare Chemie
Stefan-Meier-Str. 31

79104 Freiburg
heino.finkelmann@makro.uni-freiburg.de

014, P2, P15, P16, P17, P18, P20

Fodor-Csorba, K., Prof., Dr.

Research Institute for Solid State Physics and

Optics of
Hungarian Academy of Science
Konkoly-Thege ut 29-33, 1121 Budapest

fodor@szfki.hu
12,15

Geese, K.
Martin-Luther-Universitit Halle
Kurt-Mothes-Strafle 2, 06120 Halle

geese.karina@web.de
P9

Giesselmann, F., Prof. Dr.
Universitit Stuttgart
Pfaffenwaldring 55, D-70569 Stuttgart

f.giesselmann@ipc.uni-stuttgart.de
06, 020, P7, P14

Glang, S.

Universitit Mainz

Duesbergweg 10 — 14, 55099 Mainz
stglang@arcor.de

P5

Glettner, B.

Martin-Luther-Universitit Halle
Kurt-Mothes-Strafle 2, 06120 Halle
b.glettner@web.de

08

Gloza, S.

TU-Chemnitz

Uhlichstrafle 18,09112 Chemnitz
stefli.gloza@s2004.tu-chemnitz.de

Hadji, R.
Max-Planck-Institut fiir Polymerforschung
55021 Mainz

rachidw@pyahoo.fr
015

Haseloh, S.
Johannes Gutenberg-Universitit Mainz
Duesbergweg 10-14, 55099 Mainz

236



shaseloh@uni-mainz.de

o7

Héagele, C.

Universitit Stuttgart
Pfaffenwaldring 55, 70569 Stuttgart
c.haegele@ipc.uni-stuttgart.de

06

Hein, S.
Institut fiir Chemie, OC, Ak Tschierske
Kurt- Mothes Str. 2, 06120 Halle ( Saale)

Sara.Hein@chemie.uni-halle.de
P19

Heinze, P.

Albert-Ludwigs-Universitit Freiburg
Stefan-Meier-Strasse 31, 79104 Freiburg
patrick.heinze@makro.uni-freiburg.de
P20

Heuer, J.

Otto-von-Guericke Universitit Magdeburg
Universititsplatz 2, 39106 Magdeburg
jana.heuer@gast.uni-magdeburg.de

P4

Hoffmann, A., Dr.
Albert-Ludwigs-Universitit Freiburg
Stefan-Meier-Str. 31, 79104 Freiburg

anke.hoffmann@makro.uni-freiburg.de
014, P18

Hoischen, A., Dr.
Universitit Paderborn
Warburger Str. 100, 33098 Paderborn

andreas.hoischen@upb.de
P22

Iwashita, Y., Dr.
Max-Planck-Institut fiir Dynamik und Selb-

storganisation

Bunsenstr. 10, 37073 Géttingen
yasutaka.iwashita@ds.mpg.de
P13

Jahr, M.
TU-Chemnitz
Strafle der Nationen 62,09111 Chemnitz

Michael.jahr@chemie.tu-chemnitz.de
P6

Jakli, A., Prof., Dr.
Liquid Crystal Institute
Kent State University
Kent, Ohio 44242
jakli@Ici.kent.edu
12,15

Janietz, D., Dr.

Fraunhofer Institut fiir Angewandte Polymer-
forschung

Geiselbergstr. 69, 14476 Potsdam-Golm
dietmar.janietz@iap.thg.de

02

Kapernaum, N.

Universitit Stuttgart
Pfaffenwaldring 55, 70569 Stuttgart
n.kapernaum@ipc.uni-stuttgart.de
020

Keith, C., Dr.

Yildiz Technical University, Department of
Chemistry

Davutpasa, 34210 Esenler, Istanbul, Turkey
christina.keith@chemie.uni-halle.de

P8, P10

Khouba, Z.
Universitit Lille
Bit. C6 cite Scientifique, F-59655 Villeneuve

237



D’ASCQ, France
zkhouba@yahoo.fr
P32

Kitzerow, H.-S., Prof., Dr.
Universitit Padeborn

Fakultit fur Naturwissenschaften
Warburger Strafle 100

33098 Padeborn
kitzerow@upb.de

P22, P24, P35, P36

Klein, S., Dr.
Hewlett Packard Limited

Filton road, Stoke Gifford, Bristol BS34 8QZ,
UK

susanne.klein@hp.com

09

Kramer, D.

Universitit Freiburg

Stefan-Meier-Str. 31, 79104 Freiburg
dominic.kramer@makro.uni-freiburg.de

Krekhov, A., Dr.

Universitit Bayreuth

D-95440 Bayreuth
alexei.krekhov@uni-bayreuth.de
017,P1,P37

Kresse, H., Prof., Dr.
Martin-Luther-Universitit Halle
Miihlpforte 1,06108 Halle
horst.kresse@chemie.uni-halle.de
P12

Kuiper, S.

Delft University of Technolgy
Julianalaan 136, 2628 Delft, Niederlande
s.kuiper@tudelft.de

P34

Lagerwall, J., Dr.
Martin-Luther-Universitit Halle
Miihlpforte 1,06108 Halle

jan.lagerwall@chemie.uni-halle.de

I6,P7,P23

Lattermann, G., Dr.

Universitit Bayreuth
Makromolekulare Chemie I, D-95440
Bayreuth, Germany
guenter.lattermann@uni-bayreuth.de

Lehmann, A.
Martin-Luther-Universitit Halle
Kurt-Mothes-Str. 2, 06120 Halle
ann.lehmann@web.de

P3

Lehmann, M., jun. Prof. Dr.

TU Chemnitz

Strafle der Nationen 62,09111 Chemnitz
Matthias.Lehmann@chemie.tu-chemnitz.de
01, Pe6

Lorenz, A.

Universitit Paderborn

Warburger Str. 100, 33098 Paderborn
alorenz@mail.upb.de

P24

Maschke, U., Dr.

Universitit Lille

Bat. C6 cite Scientifique, F-59655 Villeneuve
D’ASCQ, France
ulrich.maschke@univ-lille1.fr

015, P26, P27, P28, P29, P30, P31, P32, P33

Matthias, H.
Universitit Paderborn
Warburger Str. 100,33098 Paderborn

238



heiner@upb.de
P35

Méchernéne, L.

Université Aboubakr Belkaid de Tlemcen
Faculté des Sciences, BP119, 13000 Tlemcen,
Algeria

1_mechernene@yahoo.fr

P28, P29

Meuer, S.

Johannes Gutenberg-Universitit Mainz
Duesbergweg 10-14, 55128 Mainz, Germany

meuers@uni-mainz.de

Meziane, R.

Universitit Lille

Bat. C6 cite Scientifique, F-59655 Villeneuve
D’ASCQ, France
P31

Miiller, F.
Otto-von-Guericke Universitit Magdeburg
Universititsplatz 2, 39106 Magdeburg

frank.mueller@physik.uni-magdeburg.de
010

Niirnberger, C.

Martin-Luther-Universitit Halle
Kurt-Mothes-Str. 2, 06120 Halle
constance.nuernberger@student.uni-halle.de

Nguyen, D.

University of Colorado
Boulder, Colorado,USA
Duong.Nguyen@colorado.edu

Ocak, H.
Yildiz Technical University
Davutpasa, 34210 Esenler, Istanbul, Turkey

hale_ocak@yahoo.com
P8

Ohm, C.

Johannes Gutenberg Universitit Mainz
Duesbergweg 10-14, 55128 Mainz
COhm@students.uni-mainz.de

Pelzl, G., Prof., Dr.
Martin-Luther-Universitit Halle-Wittenberg
Institut fir Physikalische Chemie
Miihlpforte 1

06108 Halle

gerhard.pelzl@chemie.uni-halle.de
P12, P23, P25

Pesch, W., Prof., Dr.

Physikalisches Institut, Universitit Bayreuth,
D-95440 Bayreuth, Germany

017, P37

Picken, S., Prof. Dr.

Delft University of Technolgy
Julianalaan 136, 2628 Delft, Netherlands
s.j.picken@tudelft.nl

P34

Pieranski, P., Prof., Dr.
Laboratoire de Physique des Solides
Université Paris-Sud 91405 Orsay, France

pieranski@lps.u-psud.fr
018

Pleiner, H., Prof., Dr.
Max-Planck-Institut fiir Polymerforschung
55021 Mainz
pleiner@mpip-mainz.mpg.de

013,016

239



Porada, J.

Universitit zu Koln
Greinstrafle 4, 50339 Koln
jan.porada@uni-koeln.de

04

Prehm, M., Dr.
Martin-Luther-Universitit Halle
Miihlpforte, 06108 Halle

marko.prehm@chemie.uni-halle.de
08, P9, P10, P19

Ramon-Gimenez, L.

Universitit Freiburg

Stefan-Meier Str. 31, 79104 Freiburg
laura.ramon@makro.uni-freiburg.de
P18

Redler, A.
Universitit Paderborn
Warburger Str. 100, 33098 Paderborn

Andreas.redler@gmx.de
P36

Schmitt, V.

Johannes Gutenberg-Universitit Mainz
Duesbergweg 10-12, 55099 Mainz
volkerschmitt@ak-detert.de.tf

P5

Schuster, J., Dr.
Center for Nanostructured Materials and
Analytics

Institute of Physics, TU Chemnitz, D-09107
Chemnitz

schuster@physik.tu-chemnitz.de
021

Seltmann, J.
TU-Chemnitz

Strafle der Nationen 62,09111 Chemnitz
gjen@hrz.tu-chemnitz.de
01,P3

Stannarius, R., Prof., Dr.
Otto-von-Guericke Universitit Magdeburg
Universititsplatz 2, 39106 Magdeburg

ralf.stannarius@physik.uni-magdeburg.de
010, P4, P11, P21, P25

Stegemeyer, H., Prof., Dr.
Universitit Paderborn
Warburger Str. 100, 33098 Paderborn

horst.stegemeyer@t-online.de

Stern, S.
Otto-von-Guericke Universitit Magdeburg
Universititsplatz 2, 39106 Magdeburg

stephanstern@gmx.de
P25

Stille, W., Dr.
Albert-Ludwigs-Universitaet Freiburg
Hermann-Herder-Str. 3, 79104 Freiburg

stille@uni-freiburg.de
014,P2

Storz, R.
Universitit Freiburg
Stefan-Meier Str. 31, 79104 Freiburg

rebekka.storz@merkur.uni-freiburg.de
014, P18

Stumpe, J., Dr.
Fraunhofer-Institut fiir Angewandte Polymer-
forschung

Wissenschaftspark Golm Geiselbergstr.
69 14476 Potsdam Deutschland Joachim.
Stumpe@iap.fraunhofer.de

019

240



Svoboda, J., Prof., Dr.

Inst. of Chemical Technology, Dep. Org.
Chemistry

Technicka 5, CZ-166 28 Prague 6, Czech
Republic

Jiri.Svoboda@vscht.cz

05,P12

Tamba, M.-G.
Martin-Luther-Universitit Halle
Mihlpforte 1,06108 Halle
gabriela_tamba@yahoo.com
P4,P23

Toth-Katona, T.

Res. Inst. for Solid State Physics and Optics,
HAS

P.O.B. 49, 1525 Budapest, Hungary
katona@szfki.hu

P1

Trittel, T.
Otto-von-Guericke Universitit Magdeburg
Universititsplatz 2, 39106 Magdeburg

trittel@student.uni-magdeburg.de
P21

Tschierske, C., Prof., Dr.
Martin-Luther-Universitit Halle
Mihlpforte 1,06108 Halle

carsten.tschierske@chemie.uni-halle.de
11, O8, P8, P9, P10, P19

van der Beek, D.

Albemarle Catalysts Company B.V.
1022 AB Amsterdam
david.vanderbeek@albemarle.com
13

Weissflog, W., Prof., Dr.
Martin-Luther-Universitit Halle

241

Mihlpforte 1,06108 Halle
weissflog@chemie.uni-halle.de
P4,P7,P12, P23, P25

Zander, F.
Universitit Freiburg
Stefan-Meier-Strafle 31, 79104 Freiburg

frank.zander@makro.uni-freiburg.de
P16

Zentel, R., Prof., Dr.
Universitit Mainz
Duesbergweg 10 — 14, 55128 Mainz

zentel@uni-mainz.de

o7





