
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UNIVERSITY OF LEIPZIG 
 

Faculty of Physics and Earth Sciences 
Department of Experimental Physics I 

 
Group ñMolecule physicsò 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annual Report 2013 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cover picture: 
Schematic display of a capacitor composed of nano-structured electrodes (top) and different 
stages of enlargement: AFM image of condensed isolated polymer chains on the bottom 
electrode (left), scheme and AFM image of the nano-structures at the top electrode (right) as well 
as a sketch which visualizes the amount of segments interacting with the supporting silica 
substrate and compares the dimensions of a single condensed polymer chain with the intrinisc 
length scale of glassy dynamics (center). Fourier Transform Infrared Spectroscopy reveals that 
absorption bands assigned to pyridine rings at the chain segments exhibit a distinctive shoulder 
in the presence of a silica interface (bottom row, left) indicating the interaction with the terminal 
hydrogen groups of the surface. The inset depicts the respective absorption band of these 
terminal hydrogen groups from which can be concluded that about half of the segments in direct 
contact with the interface are bound. Measurements by means of Broadband Dielectric 
Spectroscopy disclose a bulk-like mean relaxation time of the segments in condensed isolated 
polymer chains (bottom row, right) while the relaxation peak is broadened at the low frequency 
side (as indicated by the yellow area in the inset). The latter indicates a slowed fraction which is 
assigned to segments adjacent to the bound ones. 
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The year 2013 
 
 

Science has a sportive component as well. One may for instance raise the question: is it possible 
to measure the molecular dynamics of isolated condensed polymer chains? The answer is yes. 
By employing nanostructured electrode arrangements ï developed in collaboration with Dr. M. 
Reiche from the Max-Planck-Institute for Microstructure Physics in Halle ï combined with 
Broadband Dielectric Spectroscopy (BDS), M. Tress et al. (s. cover picture) manage to prove that 
even nanodroplets, so small that they contain on average just a single polymer chain, show a 
molecular dynamics which is well comparable to that of the bulk liquid. This fits with the findings 
from a multitude of experiments which were carried out on nanometric thin polymer layers in 
recent years. Additionally, combined studies of intra- and intermolecular dynamics in the course 
of the dynamic glass transition turned out to be very fruitful; detailed molecular understanding far 
beyond the existing coarse-grained descriptions was realized. The optical tweezersô activities are 
currently focused on dynamic force spectroscopy of single receptor ligand binding events. This 
has delivered detailed insights for the example of a synthetic tau-peptide and phosphorylation-
specific monoclonal antibodies. 
 
 
 
 
January 2014       Friedrich Kremer 
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2. Projects 
2.1 Glassy dynamics of condensed isolated polymer coils 
 
M. Tress, E.U. Mapesa, W. Kossack, W.K. Kipnusu, M. Reiche and F. Kremer 
 
The glassy dynamics of condensed 
isolated poly(2-vinylpyridine) (P2VP) 
polymer chains is studied by means of 
Broadband Dielectric Spectroscopy (BDS) 
[1]. For this purpose, a recently 
developed nano-structured electrode 
arrangement is refined to achieve an 
electrode-to-electrode distance of only 35 
nm (Chap. 2.2). The polymer coils are 
deposited on highly conductive silicon 
electrodes, a subsequent annealing 
removed the remaining solvent. Atomic 
Force Microscopy (AFM) scans of the identical samples reveal that the mean volume of the coils 
resembles that calculated for a single chain. ~30 % of the segments directly contact the substrate 
(Fig. 1) which are hence expected to exhibit traces of interfacial interaction. 
The BDS measurements show, that even isolated condensed polymer chains exhibit glassy 
dynamics. Further, the mean relaxation time corresponds to the bulk (Fig. 2). This demonstrates 

that glassy dynamics relies on 
fluctuations of 2-3 segments [2], 
a unit much smaller than the coil 
(which is in accord with results 
from thin layers [3-5]). An 
extensive analysis of the 
relaxation time distribution 
reveals a broadening at lower 
frequencies: ~12 % of the mobile 
segments are slower than in bulk. 
The mismatch by a factor of ~2 
with the fraction of segments 
directly contacting the interface is 
due to the fact that only half of 
the latter establish bonds with the 
substrate surface (Chap. 2.9). 
 

Fig. 2: Mean relaxation time of segmental motion vs. inverse temperature for P2VP bulk, semi-isolated and 
isolated condensed polymer chains of different molecular weight as indicated. Inset: loss spectra corrected for 
artificial contributions (conductivity and wafer resistance) and normalized with respect to the peak maximum. 
Scheme: comparing dimensions of a single polymer chain and intrinsic length scale of glassy dynamics. 
 
References: 
[1] M. Tress, E.U. Mapesa, W. Kossack, W.K. Kipnusu, M. Reiche and F. Kremer, Science 341 1371 (2013) 
[2] I. Bahar, B. Erman, F. Kremer and E. Fischer, Macromol 25 816 (1992) 
[3] E.U. Mapesa, M. Tress, G. Schulz, H. Huth, C. Schick, M. Reiche and F. Kremer, Soft Matter 9 10592 
    (2013) 
[4] W.K. Kipnusu, M.M. Elmahdy, M. Tress, M. Fuchs, E.U. Mapesa, D.-M. Smilgies, J. Zhang, C. Papadakis 
     and F. Kremer, Macromol 46 9729 (2013) 

[5] F. Kremer, E.U. Mapesa, M. Tress and M. Reiche, in Recent Advances in Broadband Dielectric 
Spectroscopy, Springer Netherlands 163-178 (2013) 

 
Collaborations: M. Reiche, Max-Planck-Institute for Microstructures, Halle 
Funding: BuildMoNa, DFG priority program SPP1369 and SFB TRR 102. 
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Fig. 1: a) AFM image of isolated 
condensed P2VP chains on silica, 
and b) height profiles taken along 
the coloured lines as indicated in 
the respective insets. 



Fig. 1: a) Schematic cross-section in the nano-structured 
electrode arrangement. b) - e) Equivalent circuits for 
respective modeling. The same color code is used in all 
panels. 

Fig. 2: a) Permittivity and b) loss spectra 
of a 30-nm-thin polymer layer in the 
nano-structured electrode arrangement 
at a temperature of 400 K and fits 
according to the four equivalent circuits 
as indicated. Insets: permittivity and loss 
spectra of bulk (T=400 K). 

2.2 Nano-structured electrode arrangements  

 
M. Tress, E.U. Mapesa, M. Reiche and F. Kremer 
 
To investigate thin polymeric layers by 
means of Broadband Dielectric 
Spectroscopy, recently, an 
arrangement of highly conductive 
silicon electrodes covered with 
insulating silica nano-structures as 
spacers was developed [1]. This 
approach enabled to examine the 
glassy dynamics of thin polymer 
layers with a free upper interface 
[2,3,4,5] and even isolated condensed 
polymer coils [6]. To analyze results 
obtained with this technique in detail, 
the consideration of all components 
in-between the electrodes is required 
which can be done in terms of 

equivalent circuits. Since several descriptions are 
possible, four different models are tested (Fig. 1). 
Employing fit functions of these models to an 
exemplary data set of a thin polymer layer (where only 
selected parameters are free) reveals that all four 
circuits can similarly describe the data (Fig. 2). While 
for some quantities, like the dielectric strength of the 
polymer, the results are subject to large variation, 
others, like mean relaxation rate and broadening of 
the relaxation peak, do not depend on the model and 
can therefore be reliably deduced. 
 
References: 
[1] A. Serghei and F. Kremer, Rev Sci Inst 79 026101 (2008) 
[2] A. Serghei, H. Huth, C. Schick and F. Kremer, Macromol 
41 3636 (2008) 
[3] M. Erber, M. Tress, E.U. Mapesa, A. Serghei, K.-J. 
Eichhorn, B. Voit and F. Kremer, Macromol 43 7729 (2010) 

[4] M. Tress, M. Erber, E.U. Mapesa, H. Huth, J. Müller, A. 
Serghei, C. Schick, K.-J. Eichhorn, B. Voit and F. Kremer, 
Macromol 43 9937 (2010) 
[5] E.U. Mapesa, M. Erber, M. Tress, K.J. Eichhorn, A. 
Serghei, B. Voit and F. Kremer, Eur Phys J: Spec Top 189 173 

(2010) 
[6] M. Tress, E.U. Mapesa, W. Kossack, W.K. Kipnusu, M. 
Reiche and F. Kremer, Science 341 1371 (2013) 

 
 
 
Collaborations: M. Reiche, Max-Planck-Institute for Microstructures, Halle 
Funding: BuildMoNa, DFG priority program SPP1369 and SFB TRR 102. 
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3. Publications 
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7. Mapesa, E.U., M. Tress, G. Schulz, H. Huth, C. Schick, M. Reiche, F. Kremer  
ñSegmental and chain dynamics in nanometric layers of poly (cis-1,4-isoprene) as studied by 
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Soft Matter 9, 10373-10380 (2013) DOI: 10.1039/c3sm51565f 
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2.14 Amino acid-sequence dependent interactions between receptors 
and ligands studied with Optical Tweezers  
 
T. Stangner, D. Singer, D. Knappe, C. Wagner, S. Angioletti-Uberti, C. Gutsche, J. Dzubiella, R. 
Hoffmann, F. Kremer 
 
For diagnostic procedures that rely on monoclonal antibodies (mAbs), it is imperative to know 
whether the antibody (e.g. mAb HPT-101) recognizes the epitope of its target peptide/protein 
(e.g. tau-protein) specific or whether possible cross-reactions to other forms of the protein may 
occur. In a previous study [1] non-specific interactions of the phosphorylation-specific mAb HPT-
101 to tau-peptides with similar epitopes, differing only by a single isolated phosphorylation site, 
were detected. Based on this result, it is obvious that the specificity of mAb HPT-101 refers not 
exclusively to the phosphorylation pattern but depends also on the surrounding amino acid 
sequence in the tau peptide. Here, we investigate with the help of optical tweezers assisted 
dynamic force spectroscopy [2] the influence of single amino acids on the binding of mAb HPT-
101 to the doubled phosphorylated peptide tau[pThr231/Ser235]. For this purpose, we 
characterize the unbinding process by analyzing the measured rupture force distributions, from 
which the lifetime of the bond without force Ű0, its characteristic length xts, and the free energy of 
activation ȹG are extracted for all mAb/peptide combinations. Furthermore, the binding process 
is specified by means of the relative binding frequency. Using these parameter, it is possible to 
identify essential as well as secondary amino acids for the interaction between mAb HPT-101 
and tau[pThr231/pSer235]. 
 

Sequence V A V V R pT P P K pS P S S A K 

HPT-101 

(pT & pS) 
V A V V R pT P P K pS P S S A K 

 
Table 1: Epitop mapping of monoclonal antibody HPT-101. The antibody specific phosphorylation sites are 
underlined (abbreviation: p = phosphorylation) and essential amino acids are shown in red. Secondary amino 
acids, which contribute to the binding, are highlighted in orange. White fields are not significant for the specific 
interaction between antigen and antibody. 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: 
[1] Wagner et al., Soft Matter, 2011, 7, 4370-4378 
[2] Stangner et al., ACS Nano 2013, 7, 12, 11388 
 
Collaborations:  
[1] R. Hoffmann, Biotechnologisch-Biomedizinisches Zentrum Leipzig, TU Berlin 
[2] S. Angioletti-Uberti, J. Dzubiella, Hahn-Meitner-Institut, BerlinFunding: ESF, BuildMoNa 
 
Funding: ESF, BuildMoNa 
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2.3 Molecular dynamics of poly(cis-1,4-isoprene) in 1- and 2-D 
confinement 
 
E.U. Mapesa, L. Popp, M. Tress, M. Reiche and F. Kremer 
 
Poly(cis-1,4-isoprene) (cis-PI) belongs to the so-called Type A polymers which have a non-zero 
component of the dipole moment along the chain direction. It is therefore an apt candidate for 
studying - by Broadband Dielectric Spectroscopy - the dynamics of the molecule under 
conditions of geometrical confinement. This is due to the fact that two distinct relaxation 
processes occurring at different length scales can be probed: the segmental motion which 
involves structures of about one nanometer in size and the normal mode which represents the 
fluctuation of the end-to-end vector [1]. We have taken advantage of this and studied cis-PI in the 
1-dimensional confinement of ultra-thin layers [2] as well as the 2-D confining space of uni-
directional Anodic Aluminium Oxide (AAO) membranes [3].   

 
 

Fig. 1. Temperature dependence of the dielectric loss, , (heating and cooling runs) for PI-53 measured in 

AAO templates with pores of diameter (a) 55 nm and (b) 18 nm. In (c) and (d), a comparison of normalized 
data is made for PI measured (at 120 Hz) in pores and in thin films of comparable size to the pore-diameter, as 
indicated. Bulk data is included as well for completeness. Panel (e) shows the respective distribution functions 
of the mean relaxation times at T = 312 K. Inset: Normalized loss data (measured at 120 Hz) plotted as 
function of temperature for PI in 55- and 18-nm pores. 
 
References: 
[1]  I. Bahar, B. Erman, F. Kremer, E.W. Fischer, Macrom. (1992) 25, 816  
[2]  E.U. Mapesa et al. Soft Matter (2013) 9, 10592 
[3]  E.U. Mapesa et al. ñMolecular dynamics of poly(cis-1,4-isoprene) in 1- and 2-dimensional confinementò in  
      Dynamics in Confinement (Vol. 2), edited by Friedrich Kremer, Springer 2014 (in press) 
 
Collaborations: M. Reiche, Max-Planck-Institute of Microstructure Physics, Halle 
Funding: DFG SPP 1369 (Polymer-Solid Contacts: Interfaces and Interphases) 

- 7 - 

It is observed (Fig. 1) 
that: (i) the mean 
spectral position of the 
segmental mode 
remains unchanged, 
when 1- and 2-D 
confined systems are 
compared to bulk data; 
(ii) the segmental mode 
is broadened in the 
AAO nanopore matrix, 
a phenomenon not 
observed for 1-D 
confinement; (iii) the 
broadening of the 
segmental mode is 
pore-size dependent 
(inset-Fig.1); and (iv) 
the (remaining) normal 
mode (referred to as 
the terminal subchain 
mode,) becomes faster 
with reducing pore 
diameter. 



2.4 Molecular dynamics of PMPS in 1D & 2D geometrical confinements-a 
comparison  
 
W.K. Kipnusu, E.U. Mapesa and F. Kremer  
 
Broadband Dielectric Spectroscopy (BDS) is employed to study molecular dynamics of 

polymethylphenylsiloxane (PMPS) in 1-D and 2-D geometrical constraints. The a-relaxation 
(segmental mode) of PMPS under the former confinement of thin films down to a thickness of 4 

nm remains bulk-like while in the later (PMPS infiltrated in uni-directional nanopores), the a-
relaxation increases with decreasing pore sizes (8-4 nm) when approaching the calorimetric 
glass transition. (Fig. 1a, b) This is ascribed to the reduced density of the molecules contained in 
nanopores. Additionally, a slower surface induced mode is observed for both 1-D and 2-D 
confined molecules which is removed after silanization of the pores (Fig.1 a) leading to a slight 
reduction in structural dynamics (Fig.1 b). This proves the counter balance between surface and 
confinement effects as well as the impact of dimensionally of confinement. 
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Fig. 1. (a) Dielectric loss spectra normalized with respect to the maxima of structural relaxation peaks of 
PMPS: bulk  (filled squares), confined in native silica nanopores (open symbols), and coated pores (crossed 
symbols), PMPS in thin films (half filled symbols). (b) Activation plots of 1 and 2-D confined PMPS: bulk (open 
squares), thin films (half-filled symbols), native nanoporous silica (open symbols) and coated pores (crossed 
symbols). Solid lines are VFT fits). 
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2.13 Determining the Specificity of Monoclonal Antibody HPT-101 to 
Tau-Peptides with Optical Tweezers 
 
T. Stangner, C. Wagner, D. Singer, S. Angioletti-Uberti, C. Gutsche, J. Dzubiella, R. Hoffmann, 
F. Kremer 
 
Optical tweezers-assisted dynamic force spectroscopy is employed to investigate specific 
receptor-ligand-interactions on the level of single binding events. In particular, we analyze 
binding of the phosphorylation-specific monoclonal antibody (mAb) HPT-101 to synthetic tau-
peptides with two potential phosphorylation sites (Thr231 and Ser235), being the most probable 
markers for Alzheimerôs disease. Whereas the typical interpretation of enzyme-linked 
immunosorbent assay (ELISA) suggests that this monoclonal antibody binds exclusively to the 
double-phosphorylated tau-peptide, we show here by DFS that the specificity of mAb HPT-101 is 
only apparent. In fact, binding occurs also to each sort of the monophosphorylated peptides. 
Therefore, we characterize the unbinding process by analyzing the measured rupture force 

distributions, from which the lifetime of the bond without force ȓ0, its characteristic length xts and 

the free energy of activation ǤG are extracted for the three mAb/peptide combinations. This 
information is used to build a simple theoretical model to predict features of the unbinding 
process for the double-phosphorylated peptide purely based on data on the monophosphorylated 
ones. Finally, we introduce a method to combine binding and unbinding measurements to 
estimate the relative affinity of the bonds. The values obtained for this quantity are in accordance 
with ELISA, showing how DFS can offer important insights about the dynamic binding process 
which are not accessible to this common and widespread assay. 
 

 
 
Fig. 1: Experimental setup. One peptide-coated colloid is immobilized at the tip of a custom-made micropipette 
by capillary force and a second colloid, bearing the mAb HPT-101 on its surface, is trapped with the optical 
tweezers. (Inset) It is shown by our measurements and a simple theoretical model that the binding of mAb 
HPT-101 to the doubled phosphorylated peptide can be describe as the sum of the two monophosphorylated 
cases. 
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2.12 Study on the hierarchical structure and resulting constraints in 
spider silk by means of pressure-dependent FTIR-spectroscopy 
 
A.M. Anton, W. Kossack, R. Figuli (Ene)

1
, P. Papadopoulos

2
, C. Gutsche and F. Kremer 

1 Karlsruher Institut für Technologie, Institut für Technische Chemie und Polymerchemie,  
Engesserstraße 18, 76128 Karlsruhe 

2 Max Planck Institut für Polymerforschung, Ackermannweg 10, 55128 Mainz 

 
Its outstanding mechanical properties elevate spider silk to a promising material for mechanically 

highly demanding applications, e.g. bullet-proof vests [1]. Its unique structure, namely b-sheet 
polyalanine nanocrystals reinforcing a glycine-rich amorphous glassy matrix, that serially 
interconnects these crystals through pre-strained chains, is believed to be essential. 
To gain insight into this structure FTIR-spectroscopy is combined with external mechanical fields. 
Uniaxial stress is created during stretching the sample controlled by micrometer screws 
monitored with a force sensor, while hydrostatic pressure is applied by means of a diamond anvil 
cell (DAC) determined through the pressure-dependent ruby fluorescence [2]. Since both load 
experiments are performed on the same material, the interplay between nanocrystals and 
amorphous phase can be better understood. 

The non-overlapping N-Ca polyalanine stretching vibration at n= 965 cm
-1
 is employed as 

molecular force sensor located within the b-sheet nanocrystals.[16] enabling to study the 
microscopic response to external mechanical fields while monitoring a stress-, respectively 
pressure-dependent shift of this vibration. In the case of applied stress a linear red shift can be 
found, whereas hydrostatic pressure causes a blue shift also linear on two regimes and fully 
reversible up to 7 GPa. The seamless connection of negative and positive pressure regimes 
quantitatively corroborate our structural model [3]. 

 
Fig. 1: Illustration of spider silkôs structure: A fiber made of fibrils is composed of nanocrystals and pre-stressed 
chains embedded in an amorphous matrix. The application of uniaxial stress induces a red shift of the vibration 

at n= 965 cm
-1

, whereas hydrostatic pressure causes a blue shift. 
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2.5 Molecular Order and Dynamics of Nanometric Thin Layers of 
Poly(styrene-b-1,4 isoprene) Diblock Copolymers 

 
 
W.K. Kipnusu, M.M. Elmahdy, M. Tress, M. Fuchs, E.U. Mapesa, D.M. Smilgies, J. Zhang, C.M. 
Papadakis and F. Kremer

 

 
Order and dynamics of poly(styrene-block-isoprene-1.4), P(S-b-I) diblock copolymers in 
nanometer thin layers with different isoprene volume fractions (fPI) and identical molecular weight 
of the styrene blocks are studied by a combination of Grazing-Incidence Small-Angle X-ray 
Scattering (GISAXS), Atomic Force Microscopy (AFM) and Broadband Dielectric Spectroscopy 
(BDS). GISAXS and AFM reveal randomly oriented lamellar structures in the films and a parallel 
orientation at the top surface, respectively. Figure 1 shows the GISAXS and BDS results for fPI = 
0.55. From BDS, three well separated relaxation processes are detected, (i) and (ii) the dynamic 
glass transitions (segmental mode) in the styrene and isoprene blocks respectively and (iii) the 
normal mode relaxation representing fluctuations of the isoprene chain as a whole or parts of it. 
[1] While the two former do not show any thickness dependence in their spectral positions, the 
latter becomes faster with decreasing sample thickness.[2] This reflects the difference in the 
length-scale on which the molecular fluctuations take place. 

 
Fig. 1: 2D GISAXS images of P(S-b-I) films with fPI = 0.55. (a-c) Ŭi = 0.14° and (d-f) Ŭi = 0.09° (g) activation plot 
for the relaxation processes in P(S-b-I. The film thicknesses are indicated:  
 
 
 
 
 
 

 
 
 
References: 
[1] E.U. Mapesa, M. Tress, G.Shulz, H. Huth, C. Schick, M. Reine and F. Kremer, Softmater, (2013) 9,10592-  
    10598.  
[2] W.K. Kipnusu, M.M. Elmahdy, M. Tress, M. Fuchs, E.U. Mapesa, D.M. Silgies, J. Zhang, C.M. Papadakis  
     and F.Kremer, Macromolecules, (2013) 46, 9729-9737. 
 
Collaborations:  
[1] D.-M. Smilgies, Cornell University, Ithaca, New York 
[2] J. Zhang, C. M. Papadakis, Technische Universitªt M¿nchen, Garching 
 
Funding: SFB/TRR 102 within the project ópolymers under multiple constrainsô 

 -9 - 



2.6 Dynamics of Poly(2-Vinyl-Pyridine) polymer brushes 
 
N. Neubauer, M. Tress, R. Winkler, P. Uhlmann, M. Reiche and F. Kremer 
 
A tethered polymer layer with a large grafting density is called a polymer brush. The polymer 
chains are stretched as the distance between grafting points is smaller than the size of the 
chains [1]. By means of Broadband Dielectric Spectroscopy (BDS) [2, 3] the dynamics of poly(2-
vinylpyridine) (P2VP) polymer brushes are investigated. To graft the P2VP chains on a highly 
conductive silicon wafer, a two-step ñgrafting-toò preparation is applied. First, a thin layer (~2 nm) 
of PGMA (Mn=17.5 kg/mol) is deposited from a 0.02% solution in chloroform. This layer of PGMA 
attached to the silicon wafer serves as an anchoring layer. Next, carboxyl terminated poly(2-
vinylpyridine) (P2VP-COOH, Mn=40.6kg/mol) is spin-coated from a 1% THF solution. After 
annealing and extraction a P2VP-brush with 7-8 nm thickness is formed, corresponding to a 
grafting density of about 0.1chains/nm

2
 and a distance between grafting points of approximately 

3 nm (smaller than Rg~5 nm). For the dielectric measurements a nanostructured electrode 
arrangement is used [4, 5]. Silica structures serve as spacers, leading to a distance of around 
40-50 nm between the electrodes. First experiments show different relaxation modes. From 300K 
to 400K a weak relaxation from 10

3
 to 10

5
 Hz is observable, which is most likely a PGMA ɓ-

relaxation. At higher Temperatures (400-480K) a stronger relaxation from 10
1
 to 10

3
 Hz appears, 

originating from the P2VP brushes. It is not yet clear how this relaxation is related to the P2VP 
segmental mode [5]. Further investigations have to be done to clearly identify and describe the 
behavior of these relaxation modes.  

     
 
Fig. 1: Dielectric loss (Ů ) spectra of P2VP brushes. a) From 300K to 370 K a weak relaxation mode, 
presumably a PGMA ɓ-relaxation, and b) from 400K to 480 K a P2VP-relaxation mode is observed. 
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2.11 The influence of processing on orientation and mechanical 
properties of S-S/B-S triblock copolymers 
 
N. Mahmood

1
, A.M. Anton, F. Kremer and M. Beiner

1,2
 

1 Martin-Luther-Universität Halle-Wittenberg, Institut für Chemie, Kurt-Mothes-Straße 2, 06120 Halle (Saale) 
2 Fraunhofer Institut für Werkstoffmechanik IWM, Walter-Hülse-Straße 1, 06120 Halle (Saale) 

 
Triblock copolymers providing a rubbery middle block made of random poly(styrene-stat-
butadiene) (S/B) surrounded by polystyrene outer blocks are in the focus of recent research. In 
addition to the overall the materialôs properties depending on composition, softening and 
interfacial behavior can be fine-tuned by varying the middle blockôs styrene content [1]. 
Structure resolving techniques, as SAXS, TEM or TMOA for instance, have been employed to 
shed light on the sampleôs microstructure and are combined with tensile tests to clarify the 
structureôs influence on the materialôs mechanical properties. 
It can be found that on mesoscale (10 ï 100 nm) the triblock copolymer tends to phase separate 
forming lamellae not-affected through processing, while on segmental scale (< 1 nm) the 
structure appears completely unordered. Supplementary, mechanical measurements reveal a 
coincidence between mesostructure and E moduli in accordance to the composite model [2]. 
Hence, one can assume that processing conditions are affecting on mesoscale, while the 
segmental scale remains inaccessible. Vice versa, mesoscale structures determine the 
processed copolymerôs mechanical properties, while the influence of the segmental scale seems 
to be minor [3]. 
 

  
 

Fig. 1: TEM (a), TMOA (b), and SAXS (c) measurement of S-S/B-S triblock copolymer. On the mesocale well-
defined and well-aligned lamella structures are evident (a and c). In contrast, the circular shape of the 
polarization-dependent oscillator strength indicates absence of any orientation on the segmental scale (b). 
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2.10 Intra- and intermolecular dynamics in organic glass-forming liquids 

 
W. Kossack, K.-B. Suttner, F. Kremer 
 
The intra and inter molecular dynamics of organic, glass forming molecular liquids is studied by 
Fourier Transform Infrared Spectroscopy (FTIR). By tracing the oscillator strength and spectral 
position of absorption bands specific for the different molecular moieties, characteristic changes 
of microscopic interactions can be identified. In the case of glycerol, the dominant role of the 
hydrogen bonding network is concluded from the strong blue shift (~60 cm

-1
) of the OH stretching 

band (n OH) with increasing temperature, T (Fig. 1c, chemical structure and displacements upon 
vibration depicted in Fig. 1b).[1] Contrary to measurements of other molecular glass formers (e.g. 

alkyl-citrates or salol) a blue shift of the CH stretching vibrations (n CH) is observed upon heating 
indicating an attractive inter-molecular interaction of the alkylic H, that weakens the C-H bond 
itself (Fig. 1c).[2,3] The spatially extended C-C-O stretchings on the other hand show a red shift 
with a distinct kink at the calorimetric glass transition temperature, Tg. Such pronounced changes 
in slope are not observed in the respective oscillator strengths, A/A0, which exhibit a continuous 
bending down when lowering temperature.  

 

 
 
Fig. 1:(a) IR spectrum of glycerol. (b) Molecule with vibration modes. (c)(d) Results from temperature 
dependent IR measurements of glycerol as functions of Tg/T. Filled symbols represent data obtained upon 
heating and empty symbols upon cooling. The oscillator strength is normalized to the value at Tg and shifted 

with an offset of 0.25 between two charts. Green stars: stretching of H-bonded OH (n OH) (left y axis), black 

squares: d CH2, red circles: n C-C-O, blue triangle up: nsym CH2/CH, purple triangle down: nasym CH2/CH. 
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2.7 Intra- and inter-molecular dynamics in the course of vitrification in organic 

glass forming materials 
 
L. Popp, W. Kossack, M. Treß, W.K. Kipnusu and F. Kremer 
 
 
The intra- and inter-molecular interactions of the organic glass forming model systems 
benzophenone, d-sorbitol and xylitol are studied by Fourier-Transform Infrared- (FTIR) and 
Broadband Dielectric Spectroscopy (BDS). By analyzing the temperature dependencies of 
specific IR absorption bands, it is demonstrated that each molecular moiety in the glass-formers 
has its own signature in the course of the dynamic glass transition [1]: while some do not show 
any change at the calorimetric glass transition temperature others exhibit a pronounced kink. The 
effects cannot be attributed solely to changes due to a microscopic thermal expansion, but 
instead indicate gradual conformational changes [2]. The ease of application of this approach to 
a variety of systems in different geometries and external conditions can assist the modelling of 
glasses and the understanding of the coupling between the intra-and intermolecular interactions 
in the course of vitrification [3]. 

 
Fig. 1: Comparison of the shift of specific IR vibrational modes and the intermolecular dynamics (from BDS) of 
benzophenone as a function of scaled temperature T (with Tg= 212 K). The peak positions of the (a) hydrogen 
in-plane bending vibration ŭip(H), the (b) aromatic carbon-carbon stretching vibration ɜar(C=C), the (c) carbon-
oxygen stretching vibration ɜ(C=O) and their corresponding oscillator strengths (d-f) as well as (g) the Ŭ-
relaxation rate and (h) the ȹŮ (from BDS) are shown. 
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2.8 Kinetics of mutarotation of fucose measured by Broadband 
Dielectric Spectroscopy (BDS) and FTIR 
 
W. Kossack, W.K. Kipnusu, K. Kaminski*, M. Paluch and F. Kremer  
*Institute of Physics, University of Silesia, ul. Uniwersytecka 4, 40-007 Katowice, Poland. 

 
Cyclic sugars such as fucose but also glucose and fructose appear in different isomeric states, 
which are dynamically converted into each other (Fig. 1a).[1] The equilibrium concentrations of 
these as well as the rates of conversion depend on temperature (Fig. 1b). In the IR fingerprint 

region vibrations are assigned specifically to the a- and b-L-fucopyranose anomers.[2] Recording 
the height of these absorption bands when the sample is out of equilibrium, enables one to follow 
the equilibration of composition in time and determine the corresponding rates, k (Fig. 1d,e). 

During this process the dielectrically observable a-relaxation-time (ta) slows down by more than 
one decade (c).[3] The kôs obtained from FTIR and BDS for temperatures between 313 and 333 

K follow an Arrhenius like activation (b) with different activation energies, Ea. Respectively, for a- 

and b-fucopyranse an Ea of 102 kJ/mol and 111 kJ/mol was obtained, whereas the rates 

obtained from ta are much slower and exhibit a higher Ea of ~140 kJ/mol indicating a 

supramolecular origin of the shift of the a-relaxation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 a): scheme of mutarotation, showing the transitional state (center) and the possible anomers; b) 

activation plot with rates determined from FTIR (hollow) for a- (black) and b-fucopyranose (red) as well as from 
BDS (filled), Straight lines represent fits according to an Arrhenius dependence. Errorbars are drawn if not 

smaller than the symbol-size. c) normalized shift of the a-relaxation upon time; d and e represent the growth of 
the integrated absorbance normalized to the value at the start of the experiment. 
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2.9 Specific surface interactions studied by FTIR 
 
W. Kossack, W.K. Kipnusu, M. Tress, K. Kaminski* and F. Kremer 
*Institue of Physics, University of Silesia, ul. Uniwersytecka 4, 40-007 Katowice, Poland. 

 
Fourier Transform Infrared Spectroscopy (FTIR) is a sensitive technique for specific 
intramolecular vibrations. If the intramolecular (or interatomic) potentials of a certain moiety are 
modified e.g. by an attractive interaction with a nearby surface, the vibrational frequencies of this 
group change. In nanoporous silica (pSiO) membranes the surface to volume ratio is 
extraordinarily high making them perfect model systems to study surface interactions (Fig. 
1a).[1,2]  
Such interactions can be mediated by the OH terminated pore walls, and consequently strong 
changes of the OH stretching band (b) of ethylhexanol (ETHOH, a) are found when imbibed into 
pores. The removal of the surface hydroxyls (by silanization) leads to a scenario where 
confinement effects dominate, as the specific surface interaction is eliminated.  
Interestingly, Poly-2-Vinyl-Pyridine (P2VP, inset in e) shows specific interactions of the ring with 
the surface hydroxyl as can be seen by the reduction in height of its stretching vibration (d) and 
the additional ring stretching band at ~1600 cm

-1
, found when P2VP is incorporated into the pSiO 

(e).[3] 
                  
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
Fig. 1: a) and inset in e) chemical structure of ETHOH and P2VP; b) IR spectra of bulk ETHOH (black) and in 

pSiO (blue) and silanized pSiO; Due to confinement bands ii and iii are found, whereas the the surface 
interaction leads to iv and v. c) scheme of a single pore, with an estimated 0.5 nm thick surface layer; d) 
reduction in pSiO OH stretching due to interactions with P2VP; e) additional band (dashed) originating from 
interactions of the pyridine ring with surface hydroxyls. The bulk spectrum (black solid) is shifted (dotted) to 
accommodate for density and polarity effects. In d) and e) the red and blue lines represent IR spectra of empty 
and P2VP filled pSiO, the geometry of the vibrations is shown in the insets. 
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