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Preface

It is a great pleasure to present in the name of the staff of E13 the annual report for the year
2009, which provides an overview on our teaching, research, and development activities. Our
research activities are focused on functional materials and cover a broad range from soft matter
physics to developments in methods and instrumentation. We examine the physical fundamen-
tals of material properties using scattering methods (neut rons-, x-ray and light scattering). The
general goal of our research is to explain the functional cha racteristics of soft condensed matter
from the knowledge of the microscopic dynamics and structur e.
In 2009, the chair activities covered the speci�c areas of water-based polymer systems, thin poly-
mer �lms, polymer �lms for application in photovoltaics, po lymer-hybrid systems, biopoly-
mers, alloys and methodological and instrumental developm ents. The research activities related
with organic photovoltaics had largely increased, which wa s based on an increase in manpower
dedicated to this �eld of research and was accompanied with a n extension of instrumental capa-
bilities. These in-house experiments available in the E13 laboratories complemented the lively
activities at large scale facilities, comprising synchrot ron radiation and neutron scattering ex-
periments. Moreover, the developments in methods and instr umentation extended to the large
scale facilities: Both, the instrument TOF-TOF at the research reactor FRM-II was operated and
upgraded and the development of micro-beam grazing inciden ce small angle x-ray scattering
(� GISAXS) was continued at the MINAXS instrument at PETRA III in Ha mburg. We realized
the development of � GISAXS in combination with in-situ imaging ellipsometry.
In 2009, the chair E13 comprised 7 fellows, 27 PhD students, 8diploma students, 5 master stu-
dents, 3 bachelor students, 10 student assistants and 12 administrative and technical staff mem-
bers. Also, we are delighted to appoint Dr. Ezzeldin Metwalli Ali to head the X-ray lab.
In general, all E13 members were very active at conferences and workshops, participating with
talks and posters. Moreover, important conferences were organized by E13 members: In March
the Nobel laureate Prof. Peter Grünberg was giving a lecture at the 33rd Edgar-L üscher Sem-
inar on information technology. A dedicated international GISAS conference was organized
as a satellite conference to the XIV SAS conference in Oxford (UK) by Stephan V. Roth, Rainer
Gehrke, Ralf Röhlsberger and Peter Müller-Buschbaum at DESY in Hamburg in September 2009.
This year, Prof. Dr. Papadakis acted again as a women's representative of the Physics Depart-
ment. Regarding teaching activities of E13, we offered general physics lectures for students
of mechanical engineering (M üller-Buschbaum) and for teachers at colleges BT / ET / MT
/ EI (Papadakis) as well as specialized lectures such as “Neutron scattering and complemen-
tary methods” (Petry/Unruh), “Polymer physics” (M üller-Buschbaum/Papadakis) and ”Nano-
structured soft materials” (M üller-Buschbaum/Metwalli).
This annual report comprises a selection of the different res earch topics and projects carried out
in the individual groups of E13. It highlights the engaged an d successful research activities and
collaborations with other groups and large scale facilitie s. I wish all E13 members a fruitful
continuation and a successful year 2010.

Peter Müller-Buschbaum March 2010
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1.1 Brillouin light scattering study of mechanical properti es of the thermo-
responsive polymer PNIPAM

J. Wiedersich, A. Meier-Koll, P. M üller-Buschbaum

Poly(N-isopropyl acrylamide) (PNIPAM) is a thermo-respons ive polymer that has a volume
phase transition at the lower critical solution temperatur e (LCST) near 33� C. Below the LCST
the polymer incorporates water molecules into its network. At higher temperatures the polymer
network collapses and shrinks to a smaller volume as compare d to the swollen state. However, a
comprehensive study on the mechanical properties of gelated PNIPAM solutions is still missing.
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Figure 1.1:
left: Brillouin spectra of different PNIPAM concentrations at a te mperature of � = 20 � C.
From bottom to top the selected concentrations are 0 (pure water), 10 %, 20 %, 30 %, 50 %.
The left side of the spectra shows conventional Lorentzian � ts to the data, the right side
shows �ts with the memory ansatz. right: Brillouin spectra of a PNIPAM concentration of
20 % at increasing temperature. From bottom to top the selected temperatures are 15 � C,
25 � C, 31 � C, 32 � C, 33 � C, and 40 � C. The spectra below the LCST (one Brillouin line) are
�tted with the memory ansatz; at temperatures above LCST two simple Lorentzian �ts yield
the peak positions.

In the present investigation we study the viscoelastic beha vior of aqueous PNIPAM solutions
and gels at different polymer concentrations and temperatu res below and above LCST with
Brillouin light scattering. Samples were prepared by solvi ng the appropriate amount of poly-
mer with deionized water in quartz glass vials. Directly aft er preparation the vials were sealed.
The samples were thoroughly equillibrated before beeing tra nsfered to the thermostatically con-
trolled environment of the experiment. Brillouin light sca ttering was performed with a six-pass
tandem Fabry-Perot interferometer (Sandercock). As light source we used a Nd:Vanadate laser
operating at a wavelength of 532.3 nm and delivering about 50 m W at the sample position. The
polarized component of the scattered light was observed in n ear backscattering geometry (VV).
The left panel of Fig. 1.1 shows examples of Brillouin spectra at a temperature of 20� C and for
different concentrations. Starting with pure water at the b ottom, an increase of PNIPAM concen-
tration leads to a signi�cant broadening of the Brillouin li nes and to a shift to higher frequencies.
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The right panel of Fig. 1.1 shows a similar set of a sample with certain PNIPAM concentration
as the temperature is increased. At temperatures below the LCST, a single Brillouin line is ob-
served. Above the LCST the sample becomes turbid (the signal decreases dramatically as seen
by the signal-to-noise) and two sets of Brillouin lines are o bserved. Due to multiple scattering
the lines are smeared out towards lower frequency, while the y decrease more quickly at higher
frequencies. For this temperature region, we don't perform a detailed line shape analysis, but
just determine the positions of the two peaks.
We tried �tting the data with a conventional Lorentzian line shape (left �ts) as well as with a
memory ansatz (right �ts). The memory ansatz leads to a spectr um that is given by

I (! ) =
I 0 [
 0 + m00(! )]

�
! 2 � ! 2

0 + !m 0(! )
� 2 + [ !
 0 + !m 00(! )]2

; m(! ) = (� 2=! ) �
h
(1 � i!� ) � � � 1

i
;

where we use the Cole-Davidson function as the memory kernel m(! ). For the memory ansatz
we kept 
 0 = 0 GHz, � = 1 � 10� 12 s and � = 1 :0. Therefore we have the same number of �tting
parameters, namely I 0, ! 0 and � , as for the Lorentzian �ts. The memory ansatz generally leads
to a better �tting than the Lorentz function (cf. Fig. 1.1).
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Figure 1.2:
left: Plot of temperature and concentration dependent Brillouin position. Data below the
bifurcation at LCST are �t with the memory ansatz; for the tur bid region above LCST just
the postions of both Brillouin peaks are �tted. right: Plot of Brillouin width, however, for
the turbid region above LCST, the width of the Brillouin peak s is not determined (multiple
scattering).

Figure 1.2 displays the results of our curve �tting. For water and low PNIPAM concentrations,
the Brillouin frequency increases with temperature. At a con centration of about 20 – 25 % a
crossover to the opposite behaviour is observed: The sound velocity decreases with increasing
temperature.
Above the LCST we observe a two phase behaviour with one sound v elocity close to the value
of pure water, and a signi�cantly higher velocity in the seco nd phase.
The damping of sound within the gel generally increases with i ncreasing PNIPAM concentra-
tion and on lowering the temperature.
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1.2 Volume phase transition of poly(styrene-b-(N-isoprop ylacrylamide)) block
copolymer in water

A. Meier-Koll, J. Adelsberger, A. Sepe, A. Golosova, P. Busch, C.M. Papadakis,
P. Müller-Buschbaum

Thermoresponsive hydrogels show a strong volume change whic h is exhibited when the
material is heated above the lower critical solution temper ature (LCST). Below the LCST water
molecules bond the hydrophilic functional groups in the pol ymer. The polymeric network
is soaked up with water and is therefore swollen. As the temper ature is increased above the
LCST the entropy is also increased. Water molecules are now hindered to bind to the polymer
and are released from the network. As a consequence the polymeric network shrinks and
manifests in a macroscopic volume phase transition. Due to t his volume phase transition
these material class has attracted great interest for use inapplications like sensors, actuators
and drug delivery systems. Among other polymeric hydrogels p oly(N-isopropylacrylamide)
(PNIPAM) is the most prominent representative of this materi al class. Its LCST is about32 � C.
Since the response times of hydrogels depend on the size of the gel, in the recent years efforts
have been undertaken to create hydrogels build-up with micr on-sized functional units. Diblock
copolymers where one block is thermoresponsive and the othe r one is hydrophobic are one of
the most simple realizations of these functional units.
Following this idea, we investigated the volume phase trans ition the hydrogel formed by
poly(styrene-b-(N-isopropylacrylamide)) diblock copol ymer in water. Above its critical micelle
concentration (0.028 mg/ml) [1], the polymer forms core shel l micelles. In the present example
the core is build up by the PS while PNIPAM forms an inhomogeneo us corona around the
core. The shape of the corona depends strongly on the solvent quality for the PNIPAM which
changes dramatically as the temperature crosses the LCST. Aquantitative core shell model with
an algebraic decay of the polymer concentration in the coron a has been developed by F̈orster
and coworkers [2]. In this model the exponent of the algebrai c decay � is closely related to the
Flory Exponent � F lory , which re�ects the solved quality, by � + 1=� F lory = 3 .

In the present investigation we focus on the temperature dep endence of the shape of the parti-
cles and the structure of the gel below LCST as well the kineti cs of the volume collapse above
LCST. The sample was prepared by mixing 30 wt% polymer with D 2O.
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Figure 1.3:
a) SANS intensity pro�les shown in double-logarithmic repr esentation for different temper-
atures. Temperatures from bottom to top: 10, 20, 26, 27, 28, 32, 35 � C. Solid lines are �ts
to the core shell model. Curves are shifted for clarity. b) Te mperature dependence of radii
extracted from �ts shown in a. Hard sphere radius (squares) fr om Percus-Yevick structure
factor, outer micelle radius (circles) and core radius (dia monds) from core shell form factor.
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In order to extract these information we performed temperat ure and time resolved small angle
neutron scattering (SANS) experiments at KWS2 instrument of t he JCNS at FRM2. The instru-
ment was operated with neutrons of 7 	A wavelength and a sample-detector distances with
1.7 and 7.7 m. Fig. 1.3.a shows SANS pro�les for temperature resolved measurements below
and above the LCST. Far below the 27� C the pro�les exhibit a strong correlation peak near 0.2
/nm. As the temperature increases the correlation peak becom es less pronounced and at 27
� C it nearly disappears. Simultaneous the strong forward sca ttering appears which originates
from the creation of phase boundaries between water-rich an d polymer-rich domains. When
the temperature becomes higher than 27 � C the correlation peak reappears at higher scattering
vectors, suggesting that the micelles arrange at shorter interparticle distances. More detailed
information are extracted from �tting the data with the prev iously considered core shell form
factor and the Percus-Yevick structure factor and as far as necessary with a Porod scattering law.
Fig. 1.3.b displays the Percus-Yevick hard sphere radius, theradius of the micelle corona and the
core of the micelle. It shows that the collapse transition is stretched over a broad temperature
range from 27 to 30 � C. The onset of the phase transition is manifest by the sudden increase of
the distance between the micelle from 32 to 50 nm. This indicates that the micelles immediately
start coagulate to clusters, while their outer diameter cha nges continuously over the transition
range from 22 down to 12 nm. After completing the collapse tran sition the micelles arrange in
cluster with interparticles distances of 20 nm.
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Figure 1.4:
a) Exponente for the algebraic decay of polymer pro�le in the corona depending on temper-
ture. b) Temporal evolution of the volume deswelling ratio a fter a temperature quench from
26 to 31 � C over whole measurement time. The inset shows early values of the deswelling
ratio in logarthmic representation. In both graph the contin eous curves are �ts of an expone-
tial model. Data points, which strongly deviate from the mod el are not considered in the �t.

In �g. 1.4.a the temperature dependence exponent � is shown. Its drop from approximately 1
to 0 corresponds to the change of water from a theta solvent to bad solvent were the water is
completely release and the corona forms a compact homogeneous shell. Fig. 1.4.b shows the
evolution of the deswelling ratio obtained from a temperatu re quench of the sample from 26 to
31 � C. The kinetics of the volume deswelling can be modeled with an exponential Ansatz [3].
The extracted response time is in the range of 2.3 s.

[1] K. Troll, A. Kulkarni, W. Wang, C. Darko, A. M. Bivigou Kou mba, A. Laschewsky, P. Müller-
Buschbaum, C. M. Papadakis, Colloid Polym Sci 286286 (2008)

[2] S. Förster, N. Hermsdorf, Ch. B öttcher, P. Lindner, Macromolecules 35, 4096 (2002)

[3] M. Andersson, A. Axelsson, G. Zacchi, J. Contr. Rel.,50(6)273 (1998)
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1.3 Structure and dynamics of thermo-responsive block copo lymer hydrogels

J. Adelsberger, A. Jain, A. Kulkarni, A. Bivigou Koumba 1, A. Laschewsky1, P. Müller-
Buschbaum, C. M. Papadakis

1 Potsdam Universit ät, Institut f ür Chemie, Potsdam-Golm, Germany

Thermo-responsive polymers have received increasing attention as they respond with a strong
volume change to a small change of temperature across the lower critical solution temperature
(LCST). They are of great interest for medical applications as well as for controllable nanoporous
membranes [1]. A widely used LCST polymer is poly(N-isoprop yl acrylamide) (PNIPAM)
which has an LCST at 32 � C.
We investigate triblock copolymers which have two short hyd rophobic polystyrene (PS) end-
blocks and a longer hydrophilic PNIPAM middleblock. In aqueo us solution, they form �ower-
like core-shell micelles or, above the critical gel concentration micellar hydrogels. If they are
heated up to the LCST, the PNIPAM block becomes hydrophobic an d releases water from the
micellar shell, which consequently collapses. This volume c hange is reversible.
In order to determine the structure of the polymeric hydroge ls, we use small-angle neutron
scattering (SANS) [2]. For the investigation of the PNIPAM cha in dynamics in the swollen and
collapsed state, neutron spin echo (NSE) spectroscopy has proved to be a powerful method [3,4].
For SANS and NSE experiments, solutions of a polymer with 387 P NIPAM monomers and 10
fully deuterated PS monomers at each end (M = 46000 g/mol) were prepared in D 2O. Only
the micellar shells are visible in this experiment, because D2O has the same scattering length
density as the deuterated PS blocks.

Figure 1.5:
Temperature-resolved SANS curves from a solution with 170 m g/ml at 20 � C (squares) , 31
� C (circles), 32� C (triangles up), 33 � C (triangles down), 40 � C (diamonds) together with the
�tting curves. (b) Resulting core radius (�lled circles), s hell radius (open triangles) and
effective radius (�lled triangles) above and below the LCST (dashed line).

Using SANS, we could characterize the micelles in detail (�gur e 1.5a). As expected, the radius
of the PS core does not change at the LCST, whereas the micellar shell collapses strongly at the
LCST (see �gure 1.5b). The correlation peak is shifted to higher q-values above the LCST, as
the micelles become smaller and pack closely together due to their increased hydrophobicity.
Moreover, the collapsed micelles form large clusters, as evident from strong forward scattering
which follows approximately a Porod law, thus the clusters a re compact objects (see �gure 1.5a).
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Figure 1.6:
a) Intermediate scattering functions S(q; t)=S(q;0) for 50 mg/ml (circles), 200 mg/ml (tri-
angles up) and 300 mg/ml (triangles down) b) Temperature dep endence of the diffusion
coef�cient of the segmental dynamics for 50 mg/ml (circles) , 200 mg/ml (triangles up) and
300 mg/ml (triangles down)

We measured the intermediate scattering function S(q; t)=S(q;0) of a solution of the same tri-
block copolymer in D 2O as a function of concentration (�gure 1.6a). The obtained dat a were
�tted with a double exponential decay:

S(q; t)=S(q;0) = A fast exp(� � internal t) + (1 � A fast ) exp(� � micelle t) (1.1)

In the above equation, A fast denotes the amplitude of the fast decay due to internal dynam ics.
� internal = D internal q2 and � micelle = Dmicelle q2 are the decay constants of the fast and slow
mode. Using the Stokes-Einstein equation, we determined the diffusion coef�cient of the seg-
mental dynamics, D internal , and the micellar diffusion coef�cient, Dmicelle (�gure 1.6b). Below
the LCST the segmental dynamics are slowed down with increas ing polymer concentration.
This is most likely due to the increased overlap of the micella r shells. Moreover, D internal in-
creases abruptly at the LCST. We attribute this unexpected � nding to the selective detection of
those PNIPAM segments which stick out from the collapsed shel ls. Their movement is relatively
unhindered, since most other PNIPAM segments are immobilize d in the collapsed shells.
The combination of SANS and NSE thus leads to a detailed understanding of the collapse of the
micelles, the behavior of the micellar gel and the dynamics o f the thermo-responsive block.
The project is funded by DFG within the priority program ”Inte lligent hydrogels”.

[1] A. Nyk änen, M. Nuopponen, A. Laukkanen, S.-P. Hirvonen, M. Rytel ä, O. Turunen, H. Tenhu, R.
Mezzenga, O. Ikkala, J. Ruokolainen, Macromolecules40, 5827 (2007)

[2] A. Jain, A. Kulkarni, A. M. Bivigou Koumba, W. Wang, P. Bus ch, A. Laschewsky, P. Müller-
Buschbaum, C. M. Papadakis, Macromolecular Symposia, in press

[3] T. Hellweg, K. Kratz, S. Pouget, W. Eimer, Colloids and Sur faces A 202, 223 (2002)

[4] J. Adelsberger, A. Kulkarni, A. Jain, W. Wang, A. M. Bivig ou-Koumba, P. Busch, V. Pipich, O.
Holderer, T. Hellweg, A. Laschewsky, P. M üller- Buschbaum, C. M. Papadakis, Macromolecules,
submitted
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1.4 Gold coated end-capped PNIPAM thin �lms

W. Wang, G. Kaune, J. Perlich2, C. M. Papadakis, A. M. Bivigou Koumba 1,
A. Laschewsky1, K. Schlage2, R. Röhlsberger2, S. V. Roth2, R. Cubitt3, P. Müller-
Buschbaum

1 Potsdam Universit ät, Inst. Chemie, Potsdam-Golm, Germany
2 HASYLAB at DESY, Hamburg, Germany
3 ILL, Grenoble, France

Environmentally responsive polymers have been widely stud ied over the last decades. Among
the thermoresponsive polymers poly( N-isopropylacrylamide) (PNIPAM) in water exhibits a
phase transition at a lower critical solution temperature ( LCST) of 32 � C, which has been inves-
tigated by a variety of experimental techniques in dilute an d concentrated solutions. In particu-
lar, thin �lms allow for advanced applications such as therm oresponsive surfaces, miniaturized
sensor systems and nano-switches. Whereas thermoresponsive surfaces make use of a change
in the wetting properties, triggered by a change in temperat ure, miniaturized sensor systems
and nano-switches are based on the change in hydrogel �lm thi ckness, because the surface area
is �xed [1]. A simpli�ed thin �lm sensor and nano-switch will consist of the active (sensor)
layer and a metal top-layer. The active layer contains PNIPAM. In the present investigation
n-butyltrithiocarbonate end-capped poly( N-isopropylacrylamide), denoted nbc-PNIPAM and a
gold top-layer are used. Central aim of this work is to probe t he swelling and switching kinetics
of such gold coated nbc-PNIPAM �lms.
The initial dry nbc-PNIPAM �lms with a thickness of 39 � 0.1 nm were prepared by spin coating
from a 1,4-dioxane solution at room temperature on pre-clean ed Si wafer. In a second step the
top gold layer was added by sputter deposition. The depositio n rate was set to 0.43 nm/min.
The �nal, nominal gold layer thicknesses after deposition we re 0.4 and 5 nm, respectively. The
neutron scattering experiments were carried out at the D17 r e�ectometer of ILL, Grenoble, in
time-of-�ight(TOF) mode. The initial dry, gold coated nbc-PN IPAM �lm of the desired gold
layer thickness was mounted in a custom-made vapor chamber i n air, thermostated to 23 � C and
investigated. To prepare a swollen and equilibrated �lm for the temperature jump experiment,
the vapor chamber was evacuated, and the water reservoir of t he vapor chamber was �lled with
D2O to install a saturated D 2O atmosphere. After the �lm reaching equilibrium of swelling
water vapor atmosphere (230 min), to initiate the temperatu re jump from 23 to 40 � C, the set up
was thermostated to 40 � C and investigated with in-situ neutron re�ectivity (time = 0 ). A rate
of 3.1 � C/min for increasing the temperature in the set-up was appli ed.
A detailed analysis of the kinetics of the temperature jump i s achieved by �tting the individual
neutron re�ectivity curves. In these �ts the bilayer sample i s modeled with a main nbc-PNIPAM
layer and a second gold-rich top-layer in agreement with the �ndings from the static samples.
Figure 1.7 shows the result getting from these �ts.
The temperature increase in the bilayer sample is shown in �gu re 1.7a. After 110 s the LCST
of 29 � C is reached (marked by the dashed line). The response of the thick gold layer �lm is
presented in �gure 1.7b and 1.7c. Because the gold layer contains 77 vol% gold, it remains
unchanged during the temperature jump and is not displayed i n �gure 1.7. The nbc-PNIPAM
�lm (main layer) below the thick gold layer reacts with a decr ease of its water content from 38
to 24 vol%. This is accompanied by a decrease in the relative �lm thickne ss d/ ddry from 1.27
to 1.10. The characteristic time constant for this water release is 280 s. However, surprisingly
this decrease is followed by a slight relaxation back to high er water content and larger �lm
thickness (27 vol% and 1.13). The time constant of this relaxation is larger with 9 00 s. Therefore,
the temperature jump causes the nbc-PNIPAM �lm to collapse an d afterwards slowly rearrange
into a different structure. In the relaxation a small amount of the surrounding water is uptaken
again and correspondingly the �lm relaxes to a larger �lm thi ckness as compared to the collapse.
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Figure 1.7:
Switching kinetics from 23 to 40 � C followed by neutron re�ectivity: (a) temperature in-
creases as a function of time in the �lm. Volume percentage of water (D 2O) in the main layer
of the �lm is shown as a function of time (b) for the thick and (e ) the thin gold layer. Time
dependent change of the �lm thickness d normalized by the initial dry �lm thickness ddry (c)
for the thick and (f) the thin gold layer. Volume percentage o f water in the top layer of the
�lm is shown as a function of time (d) for the thin gold layer. L CST of the nbc-PNIPAM �lm
is reached at a time marked by the dash line in all images.

The solid lines in �gure 1.7 are model �ts based on the gel swelli ng and shrinking model by
Li and Tanaka [2]. In this model swelling and shrinking follo ws �rst-order kinetics and is not
considered to be a pure diffusion process. Despite the initi al stages of the temperature jump ex-
periment reported here, the observed behavior can be explained within this model by assuming
a �rst fast shrinkage process followed by a second (small) sl ow re-swelling process. The initial
stages will be in�uenced by the passing of the LCST and thus are not expected to match to such
a simple model approach.
Comparing now the thick gold layer �lm behavior (top row imag es in �gure 1.7) with the one of
the thin gold layer (bottom row images in �gure 1.7) some diffe rences are obvious. In contrast to
the thick �lm, for the thin gold �lm, the gold layer itself (to p layer) changes its water content (see
�gure 1.7d). This is caused by the small gold volume (21.6 vol %) of this layer, which means that
most part of the layer is nbc-PNIPAM as well. The full �lm, main ( nbc-PNIPAM) and top (gold
and nbc-PNIPAM) part exhibit the same two step characteristi cs as seen for the sample with a
thick gold layer as well. However, the time constants are dif ferent. The nbc-PNIPAM �lm reacts
much faster, with a time constant of 190 s, as compared to the sample with a thick gold layer on
top. In the sample with a thin gold layer the top part reacts ev en faster with a time constant of
120 s. The relaxation processes behave oppositely and relaxation takes 1800 and 1330 s for main
and top layer of the thin gold layer sample, respectively. Du e to the interaction with the gold
in the top layer part a large amount of water is incorporated ( 48 vol%) before the temperature
jump. The release is very strong and �nally only 15 vol % is left. The nbc-PNIPAM layer behaves
quite similar to the one with more gold on top and reduces its a mount of water from 34 to 23
vol%. In the change of the relative �lm thickness d=ddry the values reduce from 1.28 to 1.13
which is as well equal to the observation on the thick gold lay er sample. However, the two step
process is not visible and the change in relative �lm thickne ss appears to be a simple release.

[1] W. Wang, K. Troll, G. Kaune, E. Metwalli, M. Ruderer, K. Sk rabania, A. Laschewsky, S. V. Roth,
C. M. Papadakis, P. Müller-Buschbaum, Macromolecules 41, 3209 (2008)

[2] Y. Li, T. Tanaka, J. Chem. Phys.92, 1365 (1990)
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1.5 Characterization of thin hydrogel �lms based on PMDEGA

Q. Zhong, A. Laschewsky1, P. Müller-Buschbaum

1 Potsdam Universit ät, Inst. Chemie, Potsdam-Golm, Germany

Stimuli-responsive hydrogels exhibit interesting proper ties which attract increasing attention
due to a large variety of applications, as drug delivery syst em [1], substrates for cell cul-
ture [2] and valves to control liquid transfer [3]. The novel t hermo-responsive homopolymer
poly(monomethoxy diethyleneglycol acrylate) (PMDEGA) exh ibits a higher lower critical so-
lution temperature (LCST) as compared to the frequently inve stigated thermoresponsive poly-
mer poly(N-isopropylacrylamide) (PNIPAM). PNIPAM has a LCST closed to room temperature,
which will limit its use. For example, in some tropical count ries as the average temperature is
really high, there will be no use of PNIPAM in these areas. But P MDEGA has a higher LCST
than PNIPAM, which could be an interesting alternative to the use of PNIPAM. In addition, to
create an internal ordering in the hydrogel �lm of PMDEGA, the homopolymer is replaced by a
PMDEGA based tri-block copolymer with polystyrene end-blo ck, P(S-b -MDEGA- b -S).
The homogeneous �lms of PMDEGA and P(S- b -MDEGA- b -S) are prepared by spin-coating on
silicon wafer. The solutions used for spin-coating are prepa red by 1,4-dioxane with six different
concentrations, varied from 1 mg/mL to 15 mg/mL. X-ray re�ect ivity measurement are per-
formed to determine the �lm thicknesses. The data and �tted cu rves of PMDEGA (left) and
P(S-b -MDEGA- b -S) (right) �lms are shown in Fig. 1.8a. The dots represent the m easured data,
while the solid line show the �tted curves done by Parratt32 s oftware. All �tted curves agree
well to the data. From bottom to the top, the �lm thickness is i ncreasing from 1.7 nm to 82.5
nm (PMDEGA) and 6 nm to 82.4 nm (P(S-b -MDEGA- b -S)). Fig. 1.8b is obtained by plotting
the thickness as a function of the concentration. From Fig. 1.8b, it can be seen that the concen-
trations of both PMDEGA and P(S- b -MDEGA- b -S) solutions show a linear relationship with
the thickness. Thus in the solutions no chain overlap occurs and we have an easy way of con-
trolling the �lm thickness by changing the polymer concentr ation of the solution. Because the

Figure 1.8:
(a) X-Ray re�ectivity curves of the PMDEGA (left) and P(S- b -MDEGA- b -S) (right) polymer
�lms. The black curves are the measured data, while the red on es are the �tting curves done
by Parratt32 software. (b) Film thickness d plotted as a function of the PMDEGA (left) and
P(S-b -MDEGA- b -S) (right) concentration of the dioxane solution. The soli d line is a linear
�t.

LCST is an important property of temperature-sensitive hyd rogels, white light interferrometry
is used to measure the LCST behavior of both PMDEGA and P(S-b -MDEGA- b -S) �lms. Fig.
1.9a shows the temperature-dependent changes of the �lm thic kness measured for one selected
P(S-b -MDEGA- b -S) �lm exposed to saturated water vapor. The �lm thickness in creases when
temperature increase from 23 � C to 32 � C. This unusual phenomenon may be caused by a change
of the vapor pressure, which increases inside the sample chamber when the temperature is in-
creased. At a higher vapor pressure more water molecules are available and the hydrogel �lms
will swell better. In order to verify this temperature depen dence, 5 sodium chloride solutions
with different concentrations were prepared, and the satur ated vapor pressure are increased
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from 2380 Pa (saturated sodium chloride solution) to 3169 Pa (pure water). The swelling be-
havior of P(S-b -MDEGA- b -S) �lms exposed to these �ve sodium chloride solutions and p ure
water is measured (see Fig. 1.9b). It is obvious that the lower vapor pressure will decrease

Figure 1.9:
(a) Temperature-dependent changes of the �lm thickness mea sured for P(S-b -MDEGA- b -S)
�lm exposed to saturated water vapor. (b) Swelling behavior of P(S-b -MDEGA- b -S) �lms
measured with pure water and �ve sodium chloride solution. ( c) Ratio of the swollen and
dry thickness plotted as a function of the saturated vapor pr essure.

the �nal swollen thickness, the maximum ratio of the swollen and dry thickness decrease from
2.13 (pure water) to 1.06 (saturated sodium chloride solution ). Plotting the ratio as a function
of the saturated vapor pressure, Fig. 1.9c is obtained. From this observation it is clear, that
P(S-b -MDEGA- b -S) �lms are very sensitive to the total vapor pressure. Even a little decrease
of the vapor pressure can cause a large drop of the swollen �lm thickness. Fig. 1.10a shows
the measured LCST behavior of PMDEGA (50 nm, left) and P(S-b -MDEGA- b -S) (52nm, right)
�lms. Both of them show a broad transition region when compar ed to the frequently inves-
tigated thermoresponsive polymer PNIPAM. The introduction o f polystyrene end-blocks only
slightly increase the LCST by 1 � C. In �rst derivatives � d/ � T plotted as a function of tempera-
ture, the transition temperature of both polymer �lms are vi sible (see Fig. 1.10b). The transition
temperatures of PMDEGA and P(S-b -MDEGA- b -S) are 38� C and 39 � C, respectively.

Figure 1.10:
(a) LCST behavior of PMDEGA (50 nm, left) and P(S-b -MDEGA- b -S) (52nm, right) �lms
exposed to water vapor. (b) The �rst derivative � d/ � T plotted as a function of temperature.

[1] L. Dong, A. S. Hoffmann, J. Controlled Release. 15, 141 (1991)

[2] T. Okano, A. Kikuchi, Y. Sakurai, Y. Takei, N. Ogata, J. Controlled Release.36, 125 (1995)

[3] H. Iwata, M. Oodate, Y. Uyama, H. Amemiya, Y. Ikada, J. Membr. S ci 55, 119 (1991)
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2 Thin polymer �lms
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2.1 Flow of droplets on inclined surfaces

D. Magerl, V. K örstgens, P. Müller-Buschbaum

Theoretical simulations and predictions have stated that th e �ow of very small droplets on sur-
faces differs signi�cantly from that of normal day drops e.g. raindrops on a windshield [1]. Our
goal is to �nd experimental proof to this phenomenon. Therefo re we investigated two different
liquids i.e. water and toluene on inclined silicon wafers wit h different surface preparation.
The theory predicts that the movement of a droplet on a surface under an external body force
(in our experiment: gravity) is a combination of slipping an d rolling as shown in Fig.2.1a. The
slipping is a collective movement of all particles in the dro plet in the same direction. The droplet
shape and the relative position of all particles within the d roplet are unaffected and therefore the
friction at the substrate has a strong in�uence on the velocit y. Contrarily the rolling motion is a
rotation around the center of mass of the droplet and close to the surface there is no movement
relative to it. However the particles inside the droplet hav e to move relatively to each other and
the velocity is in�uenced by dissipation in the volume. The dis sipation is higher the more the
droplet differs from the spherical shape as it is shown in Fig .2.1b for the distortion at the sur-
face. Thus the velocity of small droplets with large contact a ngles is dominated by friction at the
substrate while the velocity of droplets with smaller conta ct angles is dominated by dissipation
in the volume.

Figure 2.1:
a) Schematic drawing of a droplet. Movement is a combination of rolling and sliding. b)
Velocity �eld inside a droplet. The inset represents the vis cous energy dissipation per unit
volume of �uid as a function of the height. (both from [1])

In the experiment the volume or contact area of a droplet have to be determined as well as its
velocity on an incline. Therefore we built a chamber that can b e tilted in such a way that the
surface is either horizontal or in a well de�ned angle, see Fi g.2.2c. We deposit a droplet on the
horizontal surface with a pipette and measure its contact ar ea with a camera. Then the whole
chamber is tilted and the droplet starts to run down the incli ne as shown in Fig.2.2a+b. A second
camera makes a movie of the �owing droplet after it moved a few m illimeters from its starting
point to make sure that the droplet runs down with a constant v elocity. From the single images
of this movie and their timestamps we can determine the veloc ity of the droplet. In order to
prevent the liquid from evaporating the chamber is closed an d vials �lled with the according
liquid are put inside to generate a saturated atmosphere ins ide the chamber.
We used different liquids as well as different cleaning meth ods for the substrate to change the
surface energy. Toluene on an acid cleaned silicon surface showed a linear increase in velocity
with the volume while toluene on a basic cleaned substrate sh owed a linear increase with the
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Figure 2.2:
a) Chamber before tilting. Deposition of droplet and measur ement of contact area with cam-
era 1. b) Chamber after tilting, droplet is moving, measurem ent of velocity with camera 2.
c) Photograph of the chamber. On the left is camera 2. A glass can be slid to open and close
the small hole through which the droplet is deposited. The in cline is at 60� . Filled vials are
behind the incline.

contact area as shown in Fig.2.3a+b. From this result we conclude that the former experiment
is in the regime where dissipation in the volume is the domina nt factor for the movement of
the droplet and the latter is in a regime where friction at the substrate dominates. However in
both cases the droplets deformed signi�cantly from the circ ular shape. Therefore a comparison
with the simulations and theoretical predictions should be considered with care. Moreover, we
performed measurements with toluene on an acid cleaned wafe r that was treated with HMDS
(hexamethyldisilazane) for 24 hours after cleaning to incr ease the contact angle on it [2]. The
droplets on silicon pieces with this treatment keep their sh ape and are better suited for compar-
ison. Measurements are shown in Fig.2.3c.

Figure 2.3:
Velocity of the droplet plotted against its area, the solid l ines are �ts to the data. a) Toluene
on basic cleaned silicon substrate (angle: 10� ). b) Toluene on acid cleaned silicon substrate
(angle: 10� ). c) Toluene on acid cleaned substrate with HMDS treatment (angle: 60� ).

The experiments on surfaces without HMDS treatment were cond ucted with a tilting angle of
10� . After switching to the HMDS treated surface a higher force is needed to let the droplets
start to roll down so the angle was changed to 60 � . Thus the velocity is much higher than in
the previous experiments but the droplet sizes could be redu ced as well. For this measurement
the increase is almost linear with the area like for the basic cleaned surfaces which is due to the
higher contact angle than in the acid cleaned case without HM DS treatment and therefore �ts
nicely to simulations.

[1] C. Servantie and M. M üller, J. Chem. Phys. 128, 014709 (2008)

[2] N. E. Takach, J. Colloid Interface Sci. 162, 496-502 (1994)
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2.2 Periodic nanostructures of colloidal thin �lms via wett ing and evaporation

S.V. Roth1, A. Rothkirch 1, T. Autenrieth 1, R. Gehrke1, T. Wroblewski 1, M.C.
Burghammer2, C. Riekel2, L. Schulz3, R. Hengstler4, P. Müller-Buschbaum

1 HASYLAB at DESY, Hamburg, Germany
2 ESRF, Grenoble, France
3 Universit é de Fribourg, Fribourg, Switzerland
4 AREVA NP GmbH, Erlangen, Germany

The fundamental understanding of wetting and �ow behavior of n anoparticle and
(bio)polymeric solutions and blends on solid substrates is crucial for their application in many
technological �elds, e.g. optical coatings, or data storage applications. During solution cast-
ing, the nanostructuring takes place at the triple phase con tact line air-solution-substrate [1]
(see 2.4a) for an optical micrograph) and involves complex hy drodynamic processes. In our ap-
proach here we used a combinatorial high-throughput approa ch to investigate a solution cast
gradient consisting of colloidal gold nanoparticles on top of a silicon substrate by means of a
300nm-sized X-ray in combination with grazing incidence sm all-angle x-ray scattering (nan-
oGISAXS) [2].

D W

a)

b)
c)

d)

Figure 2.4:
a) Optical micrograph of the triple phase contact line. D den otes the droplet, W the wetting
region. b) Results of the unsupervised classi�ciation. A ba nded structure for y > 400�m in
the wetting region is clearly visible. c) Quantitative anal ysis of the most-prominent length
scales� in the scanned region. Black: Manual analysis; red: likelih ood-based evaluation of
the most-prominent length scales � ; Blue: occurence of maxima in � based on a stip-slick-
model. d) Typical nanoGISAXS pattern in the wetting region.

To apply unsupervised classi�cation, we divided the data se t into classes based on the Euclidean
distance as similarity measure. To initialize the iterativ e clustering, we have chosen randomly
selected out-of-plane (oop) scansI (qy). Assuming six potential classes j = 1 :::6, we discrimi-
nated the logarithm of the intensity ln( I (qy)) by

� 2
j =

X

qy

[ln( I y(qy)) � ln( I j (qy))]2 ; (2.1)

with I y(qy), -0.3 nm� 1 � qy � 2.9 nm� 1, denoting the oop-scan at position y.
At each iteration step, the oop-scans are assigned to the class having the largest similarity, i.e.
smallest � j . Then, new mean class representations (mean oop-scans) are calculated. The it-
eration is repeated, until none of the mean oop-scans changes signi�cantly. This leads to the
clustering in 2.4b).
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For manual quantitative analysis, we based the next step on the division into classes obtained
from unsupervised classi�cation. For each eighth oop-scan the structure and morphology of the
domains was extracted, using

I (qy) = M (qy) + SF(qy) + PFF (qy); (2.2)

where M (qy) denotes the Gaussian resolution function for the beam, SF(qy) an experimental
Lorentzian structure factor

SF(qy) /
1

1 + 4 � ((qy � qmax )=! )2 ; (2.3)

with ! its width. PFF (qy) is the particle form factor for spheres with a nominal diamet er of 5
nm. This allows for extracting the most-prominent in-plane l ength scale� via � = 2 �=q max . The
result of the manual analysis is shown in �g. 2.4c) as diamond s ymbols.
For further analysis, we used supervised classi�cation. As c an be seen from �g. 2.4c), we may
use � to divide the manually analyzed data into three classes with different � :

� class 1 -y < 300� m with � 1=60 nm

� class 2 - 480� m < y < 600� m with � 2= 350 nm

� class 3 -y � 1000� m with � 3= 240 nm

Class representations were averaged, and the slopes of the averaged I (qy) in two different qy

regions were evaluated to represent each classi=1,2,3. For any remaining oop scan we used the
likelihood Pi =1 ;2;3(y) [3] for belonging to one of the three classes de�ned above to c alculate an
average� L (y) via

� L (y) = P1(y) � � 1 + P2(y) � � 2 + P3(y) � � 3: (2.4)

This leads to the red symbols in �g. 2.4c). In 2.4d) we display a ty pical nanoGISAXS pattern
showing the nanostructure in the wetting region.
In summary, we applied classi�cation methods to analyze sca nning nanoGISAXS data of a dried
colloidal solution droplet. The manual as well as the classi� cation results agree, with the latter
revealing structural transitions from a frozen colloidal s olution to a well-de�ned domain nanos-
tructure of the order of 100 nm outside the optical rim of the d roplet, see �g. 2.4c). The periodic
change in the nanostructure along the wetting region can be explained by a simpli�ed stick-slip
model. The blue lines in �g 2.4c) indicate maxima in � , agreeing excellently with the results from
classi�cation.

[1] S. V. Roth, T. Autenrieth, G. Gr übel, C. Riekel, M. Burghammer, R. Hengstler, L. Schulz, P. Müller-
Buschbaum, Appl. Phys. Lett. 91, 091915 (2007)

[2] S. V. Roth, A. Rothkirch, T. Autenrieth, R. Gehrke, T. Wro blewski, M. C. Burghammer, C. Riekel, L.
Schulz, R. Hengstler, P. Müller-Buschbaum, Langmuir, DOI: 10.1021/la9037414 (2009)

[3] Canty, M. J. Image Analysis, Classi�cation and Change Det ection in Remote Sensing, with Algo-
rithms for ENVI/IDL; CRC Press: New York, 2007.
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2.3 Structures of monodisperse polystyrene nanospheres on a rough solid support

V. Körstgens, J. Wiedersich, R. Meier, J. Perlich1, S.V. Roth1, R. Gehrke1, P. Müller-
Buschbaum

1 HASYLAB at DESY, Hamburg, Germany

The new developed combination of the surface sensitive scattering method grazing incidence
small angle x-ray scattering (GISAXS) and imaging ellipsome try offers a wide range of possibil-
ities for static and kinetic measurements [1]. With the use o f a mircosized beam local structure
information is obtained and subsequent stepwise movement o f the sample perpendicular to the
sample surface allows for the investigation of structural g radients in the sample. With scanning
� GISAXS the structure of a dried droplet of monodisperse polys tyrene nanosphere aqueous
dispersion is investigated. The rough substrate is established by dewetting of a thin �lm of the
diblock copolymer poly(styrene- b-methyl methacrylate).

Figure 2.5:
Dried colloidal drop of nanosphere dispersion a Sketch of the top view of the dried drop.
The yellow background represents the dewetted polymer stru cture. The circularly shaped
object has a pronounced rim (pictured in brown). The arrow mar ks the size and direction of
the incident x-ray beam. The box in dashed lines indicates th e section pictured in b. b optical
micrograph (image composed using two foci); 1 mm x 0.75 mm c measurements of the� and
	 map of the dewetted polymer structure obtained with imaging ellipsometry and resulting
thickness map.

The imaging ellipsometer SPEM, a single wavelength (532 nm) instrument, of Nano�lm
Technologie GmbH was installed at the beamline BW4 at HASYLAB ( DESY, Hamburg). The
concept of the combined instrument is that the sample is plac ed horizontally (xy plane) on the
alignment stage of the ellipsometer. After ellipsometric al ignment and measurement with a
lateral resolution of 1 � m the desired incidence angle for the x-ray beam is set by tilt ing the
whole ellipsometer. The orientation of the sample with respe ct to the laser beam is not affected
by this procedure. In the performed experiment, the sample- to-detector distance was set to
2.089 m and a beamsize of 24� m x 42 � m focused on the sample position was used. First a
single � GISAXS measurement on the dried colloidal drop was performed with an incident
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angle of 0.510� . The x-ray beam was set to hit the circular shaped object in the center. The
footprint of the beam was smaller than the diameter of the inn er part of the droplet as sketched
in �gure 2.5a. The 2d detector pattern obtained results from a s uperposition of the GISAXS
with an additional SAXS signal. The SAXS signal is centered around the direct beam (including
refraction effects). Its presence is due to the x-ray beam's transmission through the pronounced
rim of the colloidal drop. In normal thin �lm samples such an a dditional SAXS signal is not
visible in the GISAXS geometry. To suppress the SAXS contribution of the rim and to get
structural information about the inner part of the colloida l droplet the rim was then removed
in beam direction. With this modi�ed sample a scanning GISAXS measurement was performed
with a step size of 500 � m covering 4 mm. At each position of this GISAXS scan conducted
with the ellipsometer stage, the ellipsometric alignment w as checked and� and 	 maps were
recorded. The goniometer positions were corrected if necessary to ensure the incident angle of
0.51� selected for the GISAXS experiment.

Figure 2.6:
Scanning experiment a � map recorded with ellipsometer at positions from the center , b
corresponding 2d GISAXS patterns

In �gure 2.6 the scanning experiment is illustrated with the � maps (�gure 2.6a) and the
corresponding 2d GISAXS scattering patterns (�gure 2.6b) for every second step beginning in
the center outward to the rim and further to the outside of the colloidal drop. Oscillations in
the bright and dark areas in the � map indicate variations in height. The � -maps in the central
part, (denoted with position 0 mm, 1 mm and 2 mm, respectively in �gure 2.6a) show the
cracks of the nanosphere layer. The surface of the rim results in a speckle pattern (denoted with
position 3 mm in �gure 2.6a), whereas outside the droplet the i sland pattern of the dewetted
diblock polymer is observable (denoted with position 4 mm in �gure 2.6a). In the 2d scattering
pattern for the position in the center of the drop (denoted wi th position 0 mm in �gure 2.6b)
there is a clear reduction of the SAXS contribution to the over all scattering signal. As the rim
perpendicular to the beam direction has been removed a clearer GISAXS pattern of the central
part of the drop is achieved. In the position where the x-ray b eam hits the rim (marked with
3 mm in �gure 2.6b) the scattering pattern is dominated by the S AXS signal as ring shaped
intensity is centered around the direct and the specular bea m. At the outside of the colloidal
drop the scattering signal is equal to the GISAXS pattern of th e dewetted polymer on silicon
substrate as measured individually with a control sample wi thout deposited colloidal particles
(marked with 4 mm in �gure 2.6b).

This work has been �nancially supported by the BMBF (grant 05KS 7WO1).

[1] V. K örstgens, J. Wiedersich, R. Meier, J. Perlich, S.V. Roth, R.Gehrke, P. Müller-Buschbaum, Anal.
Bioanal. Chem. 396, 139-149 (2010)
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2.4 Advanced sample preparation for density and viscosity m easurements of
polybutadiene melts at the polymer-solid interface

E.T. Hoppe, D. Magerl, C.M. Papadakis

The properties of a polymer melt close to a solid interface may be signi�cantly altered com-
pared to the bulk, e.g. the chain conformations and the densit y [1]. This has implications on the
stability of coatings, e.g. in medical implants, in chip fabr ication, for the application of glues
or inks, and the stability of composites of polymers with nan oparticles. However, not only the
structural changes near a solid interface are of importance, but also the dynamics, i.e. the local
mechanical properties.
The goal of the project is to achieve an improved understandin g of the interphase of a polymer-
solid contact by correlating the mass density, i.e. the polym er structure, with the local vis-
cosity, i.e. the polymer dynamics, near the solid interface. At this we have chosen 1,4-
polybutadiene (PB) as a model system with a broad range of mol ar masses from 4,200 g/mol to
2,200,000 g/mol.
The interphase viscosity will be determined using interface -sensitive �uorescence correlation
spectroscopy (FCS) where the interphase near the substratewill be selectively illuminated. At
this we will use total internal re�ection (TIR) excitation. The mass density pro�le of PB near the
substrate will be determined with high-resolution neutron re�ectometry (NR). However, these
two experimental techniques have different physical requi rements on the substrates.
For TIR-FCS, on the one hand, the substrate has to be transparent in a wavelength range from
400 nm to 650 nm with a high refractive index. For these reasons, heavy �int glass is chosen
as substrates for TIR-FCS. For NR, on the other hand, the substrate has to be transparent for
neutrons, highly homogeneous and �at. To make use of the whole neutron beam cross section,
the sample substrate should have a surface area of6� 6 cm. The substrate thickness should be at
least 3 mm to enable a beam injection through the side of the substrate onto the solid-polymer
interface. This allows an investigation of the polymer inter phase without being restricted by
re�ections from silicon and the silicon oxide layer. In order to obtain surface properties compa-
rable to those of heavy �int glass, a 200 nm silicon oxide layer is created on the silicon surface by
dry thermal oxidation. The oxide layer thickness as well as th e RMS roughness are determined
by white light interferometry and x-ray re�ectometry (Fig. 2 .7 a).

Figure 2.7:
a) X-ray re�ectivity curve of a 200 nm silicon oxide layer on si licon. 20 � 20 � m AFM height
image of b) silicon oxide having a RMS roughness of � =0.4 nm and c) triethoxysilyl modi�ed
1,2-PB coated silicon oxide having a� of 1.3 nm
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To vary the interaction between the polymer and the solid, th e surface is subsequently altered
by hydrophilicacid treatment, a layer of hydrophobicoctadecyldimethylmethoxysilane (ODMS),
�uorophilic per�uorinated silane (HFTDTS) or neutral triethoxysilyl modi�ed 1,2-polybutadiene
to the silicon oxide surface. AFM images (Fig. 2.7 b&c) indicate that the surfaces of silicon oxide
and of a silanized surface are �at with RMS roughness of 0.4 nm or 1.3 nm, respectively.
Contact angle measurements of water on the silanized substrates (Fig. 2.8) show large differ-
ences (0-116� ) indicating vastly different surface potentials. Therefor e qualitatively different
PB-solid interactions are expected.

Figure 2.8:
Contact angles of water drops with a volume of 1 � L on a) acid treated silicon oxide b) per-
�uorinated silane c) ODMS d) triethoxysilyl modi�ed 1,2-pol ybutadiene

PB �lms were prepared on top of those surfaces and were veri�e d for homogenity with grazing-
incidence small-angle x-ray scattering at BW4 beamline at HASYLAB at DESY as evidenced by
the pronounced correlated roughness oscillations (Fig.2.9).

Figure 2.9: 2D GISAXS image of a 65 nm thick PB (55,000 g/mol) �lm on acid tre ated silicon oxide.

In summary, we have prepared large well-de�ned substrates f or TIR-FCS and NR measure-
ments with comparable surface interaction components by ap plying different monolayers of
covalently bonded silane to the substrates.

The project is funded by DFG within the priority program SPP 13 69 ”Polymer-Solid Con-
tacts: Interfaces and Interphases”.

[1] J.H. van Zanten, W.E.Wallace, W.L.Wu, Phys.Rev.E53, 2053 (1996); R.A.L. Jones, Curr. Opin. Coll.
Inter. Sci. 4, 153 (1999); C.B.Roth, J.R.Dutcher, J. ElectroanalyticalChemistry 584, 13 (2005)
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2.5 Near-surface composition pro�les of pressure sensitiv e adhesive �lms

A. Diethert, P. M üller-Buschbaum

Pressure sensitive adhesives (PSAs) are used for many different applications, such as for exam-
ple adhesive foils or binding materials. A prominent class o f PSA �lms is based on statistical
copolymers. Typically, two or three different monomers are combined in the statistical copoly-
mer to balance the different requests of the PSA [1-4]. The adhesive properties of the PSA �lms
are mainly determined by surface-near regions. However, de tailed information about surface
structures of such adhesive �lms is still missing.
In the presented work we compare the behavior of two differen t statistical copolymers con-
sisting of two different types of monomers. The sticky monome r ethylhexyl acrylate (EHA) is
the majority component of both. It is copolymerized with a ha rder, glassy monomer which is
methylmeth acrylate (MMA) for the �rst copolymer and styrene (S) for the second one. The
ratios are 80%EHA : 20%MMA and 90%EHA : 10%S, respectively. Since the glass transition
temperature of PEHA is � 65� C the systems are very mobile.
The PSA �lms were prepared with solution casting on pre-clean ed glass substrates under am-
bient conditions. During drying, the �lms are protected by a cubic box of approximately 30cm.
From a naive point of view, one would have expected homogenou s �lms which are character-
ized by the average monomer composition but we always detect an enrichment of one type of
monomer at the sample surface.
To investigate the surface structure, we probed the density pro�le perpendicular to the PSA sur-
face using x-ray re�ectivity (XRR). This method has many advan tages: it gives a resolution in
the Angstroem-regime, the whole refractive index pro�le can be extracted out of one measure-
ment, it is non-destructive, no special sample preparation is required and one gets averaged
information over the whole illuminated sample area. The XRR m easurements were performed
with a Siemens D5000 diffractometer using a wavelength of 1:54 	A. For the data analysis we
used Parratt32, a simulation tool for neutron and x-ray re�ec tivity.

Figure 2.10:
a) x-ray re�ectivity data and �ts in Fresnel-normalized repr esentation of the statistical
copolymer with 80% EHA and 20% MMA and b) the corresponding refractive index pro-
�les.

Figure 2.10 a shows re�ectivity curves of the statistical copo lymer with 80% EHA and 20%
MMA, also referred to as P(EHA-stat-20MMA), in the so-called Fr esnel-normalized represen-
tation, which is bene�cial for thin enrichment layers. The cu rve plotted in blue color represents
a freshly prepared sample (see sample age within the �gure) a nd the curve plotted in green
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color shows data from a samples which was stored for almost on e year at room temperature
conditions. The red solid lines are the �ts to the data. Figure s 2.10 b shows the corresponding
refractive index pro�les where z = 0 denotes the sample surface. The black solid lines are posi-
tioned at the values of the refractive indices of the corresp onding homopolymers related to the
involved copolymers.
For both sample ages, we �nd an oscillating refractive index pro�le, and thus an oscillating com-
position pro�le, in the near-surface region. Homogeneous b ulk material, which is characterized
by the averaged refractive index of both materials, is reach ed in a depth of about z = 1000 	A.
For the freshly prepared sample, there is a strong enrichment of PMMA at the polymer-air in-
terface, which is followed by a second, weaker PMMA-enriched zone in a depth of z = 65 	A.
Underneath, we �nd a PEHA-dominated region which is most prono unced at z = 150 	A and
then converges towards homogeneous bulk material. For 0 � z � 150 	A the aged sample
shows an almost inverted behavior. The PMMA-enrichment peak i s shifted to z = 45 	A and
PEHA is enriched at the surface. This behavior can be explained by the tendency to minimize
the surface tension of the �lm. The corresponding values [5, 6 ] are 
 PEHA = 30 mN/m and

 PMMA = 38:5 mN/m and so, the material with the lower surface tension enri ches at the sur-
face.

Figure 2.11:
a) x-ray re�ectivity data and �ts in Fresnel-normalized repr ezentation of the statistical
copolymer with 90% EHA and 10% S and b) the corresponding refractive index pro�les.

Figure 2.11 shows the corresponding data for P(EHA-stat-S). In contrast to P(EHA-stat-MMA),
there is an ab initio enrichment of the majority component PE HA which is followed by a layer of
PS atz = 60 	A. The enrichment of PEHA is preserved due to the lower surface t ension of PEHA
compared to PS. During aging, the intensity of the PS-peak decreases and a PEHA-dominated
region between z = 120 	A and 700 	A arises.

[1] C. Anderson, Ind. Eng. Chem. 61, 48 (1969)

[2] L. Lacrout, C. Creton, A. Dongchan, K. R. Shull, Macromol ecules34, 7748 (2001)

[3] Y. Kano, H. Ushiki, S. Akiyama, J. Adhesion 43, 223 (1993)

[4] A. Aymonier, E. Papon, J.-J. Villenave, Ph. Tordjeman, R. Pirri, P. Gérard, Chem. Mater. 13, 2562
(2001)

[5] H. Elbs, K. Fukunaga, R. Stadler, G. Sauer, R. Magerle, G. Krausch, Macromolecules 32, 1204 (1999)

[6] D. Y. Kwok, A. Leung, C. N. C. Lam, A. Li, R. Wu, A. W. Neumann , J. Colloid and Interf. Sci. 206,
44 (1998)
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2.6 Detection of the surface energy of PSA �lms by contact ang le measurement

A. K. Sommer, A. Diethert, P. M üller-Buschbaum

Forming bonds with pressure sensitive adhesives (PSA) can be activated by applying pressure
and there is no need for extra usage of solvent, water or heat. The external pressure applied
on the PSA surface determines the so-called tack value. Thus there is a wide range of applica-
tion of PSAs: they are designed for permanent or removable glu ing and can support big loads,
which is particularly interesting for applications in indu stry. A wide range of PSAs is built up
of statistical copolymers, which include two or three diffe rent types of monomers with variable
properties.
In the presented work, the copolymers contain two monomers, statistically distributed along
the polymer chain in the proportion of 10 to 90%: in all probes the 90%component is poly(ethyl
hexylacrylate) (PEHA), which is sticky and due to its low glas s transition temperature rather
soft. The PSA should have good adhesion to the substrate, however too strong shearing and
�owing within the �lm should be avoided. Therefore for the 10%component a harder, glassy
monomer is chosen. The 10% components used in the investigated �lms are poly(methyl
methacrylate) (PMMA) and poly(maleic acid anhydride) (PMAA).
To fabricate the samples the copolymers are dissolved in toluene and then 1 ml of the solvent
is casted onto a microscope slide (26 � 76 mm). In order to control the humidity the casting
process is executed in an exsiccator (SCHOTT, DURAN) �lled with silica gel. Thus an almost
completely dry environment can be guaranteed. After 24h the solvent has evaporated and the
dry sample has a thickness of 50 �m which is con�rmed by weight measurement.
An important parameter for the characterization of PSAs is the surface tension as it has great
in�uence on the adhesive properties. This parameter can be det ermined by surface angle mea-
surements. The results give information about the structure and chemistry of the PSA in its
surface region.

Figure 2.12:
Contact angle as a function of time for 4 different liquid dro ps on a P(EHA-stat-MMA) �lm

In the performed experiments four different liquids with va rying polarity are used: ethylene
glycol (dispersive and polar contribution to the surface en ergy: 
 d = 29 mN/m, 
 p = 19
mN/m), diiodomethane ( 
 d = 47:4 mN/m, 
 p = 2 ; 6 mN/m ), water ( 
 d = 19:9 mN/m ,

 p = 52:2 mN/m) and paraf�n oil ( 
 = 29:5 mN/m) being purely dispersive.
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A droplet of 0; 3�l (diiodomethane, ethylene glycol, water) or 1�l (paraf�n oil) is placed onto
the polymer �lm and recorded with a ”uEye” camera for about 80s (12 times for each liquid).
In each picture the contact angle is �tted with the ”SCA20” sof tware from ”Dataphysics” as a
function of time by assuming an elliptical contour of the dro plet. As the liquid evaporates it is
not possible to directly measure the equilibrium contact an gle � f . Thus to obtain � f the curves
are �tted with the function

�( t)
� f

= 1 + (
180�

� f
� 1) exp (� k � (t � t0)n ) (2.5)

where the parameters k; n; t 0 and � f are varied. This is similar to a mathematical approach
reported in [1]. For very long measuring times the contact an gle approaches � f , at t = 0 the
contact angle is 180� . The obtained contact angles for the four different liquids a re represented
as colored lines in Fig. 2.12 for P(EHA-stat-MMA). The black soli d lines are the �ts to the data
using the function mentioned above. The averaged � f for the different liquids are shown in the
respective �gures.

Figure 2.13:Owen/Wendt diagrams for a) P(EHA-stat-MMA) and b) P(EHA-stat -MAA)

By applying the Owens/Wendt theory [2] the surface energy of the polymer �lm can be calcu-
lated. This theory basically divides the surface energy 
 into two components: surface energy
due to dispersive interaction 
 d and polar interaction 
 p. The resulting principle equation is
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Fig. 2.13 a shows the so-called Owens/Wendt plots for P(EHA-st at-MMA) and Fig. 2.13 b

P(EHA-stat-MAA) in which
q


 Polymer
p is the slope and

q

 Polymer

d the intercept of the �tted linear
equation.
The literature values of the surface energies are
 PEHA = 30 mN/m , 
 PMMA = 38:5 mN/m and

 PMAA = 74:7 mN/m. For both PSA �lms the surface energy is higher than the v alue of PEHA.
For P(EHA-stat-MMA) the value is very similar to the surface te nsion of PMMA originating
from an enrichment layer of PMMA in the near-surface region. As the surface energy does not
completely coincide with the PMMA value, it can be assumed th at there is also a small amount
of PEHA near the surface. The surface energy measured for P(EHA-stat-MAA) is very close to
that of PEHA regarding the big difference between 
 PEHA and 
 PMAA . As a consequence the
surface region is dominated by PEHA.
To control and extend the results obtained by contact angle m easurements the samples will also
be analyzed with x-ray re�ectometry since further informati on about the composition normal
to the surface can be collected. Additionally, the in�uence of the �lm composition on the me-
chanical properties will be investigated with mechanical t ack experiments.

[1] B. Lavi, A.Marmur, Colloids and Surfaces A: Physicochem . 36, 250 (2004)

[2] D.K. Owens,R.C. Wendt, Journal of Applied Polymer Scien ce36, 13 (1969)
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2.7 Interface induced morphology transition in tri-block c opolymer �lms swollen
with low molecular weight homopolymer

P. Müller-Buschbaum, L. Schulz1, E. Metwalli, J.-F. Moulin 2, R. Cubitt3

1 Universit é de Fribourg, Fribourg, Switzerland
2 GKSS-Forschungszentrum, Geesthacht, Germany
3 ILL, Grenoble, France

Of particular interest is the use of an additive to alter the m orphology and mechanical properties
of linear block copolymers to overcome the normally require d tailored synthesis of application-
speci�c copolymer molecules. The characteristics of a micro phase-ordered block copolymer can
be systematically modi�ed through physical blending with e ither a (non)preferential solvent,
a parent homopolymer or a second copolymer. The addition of ho mopolymer molecules to a
microphase-ordered block copolymer either swells the host micro-domains or induces a mor-
phological transformation to a nanostructure with a differ ent interfacial curvature. In contrast
to AB-type di-block copolymer/homopolymer blends, the addi tion of a mid-block-associating
homopolymer to an ordered ABA-type tri-block copolymer is exp ected to have a far more sig-
ni�cant effect on the properties and phase behavior of the re sulting copolymer/homopolymer
blend due to a decrease in the fraction of bridged mid-blocks . The molecular weight of added
homopolymer in relation to that of the compatible copolymer block, and the composition of
the blend expressed in terms of the homopolymer mass percent turned out to be important pa-
rameters. Miscibility is usually retained in such blends if the ratio of molecular weight of the
added homopolymer to the molecular weight of the compatible block and the added amount of
homopolymer are relatively small. An increase in either or bo th of these quantities ultimately
induces macrophase separation at equilibrium.

Figure 2.14:
Two dimensional scattering patterns recorded in the GISANS m easurements (for an incident
angle � i < � c) for the three different surface treatments, from top to bot tom: (a-c) acid-
cleaning, (d-f) base-cleaning and (g-i) PS-brush. In the left column (a, d, g) 0.1, in the middle
column (b, e, h) 0.2 and in the right column (c, f, i) 0.5 V% PSd w as added to the triblock
copolymer. The intensity is shown with a logarithmic color c oding. Taken from [4]
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As compared to bulk morphologies, in thin �lms the interactio n with the con�ning asymmetric
wall (substrate and air interface) typically complicates t he behavior and can result in modi�-
cation of the morphologies. Usually preferential wetting of one of the blocks at an interface
leads to a parallel orientation of the micro-domains, and wh en the thickness of the �lm is
incommensurate with the lamellar (or cylindrical/spheric al) period, quantization of the �lm
thickness takes place by the formation of terraces. In tri-b lock copolymer �lms in addition
to a comparable behavior of surface induced ordering deviat ions from the bulk structure
were reported: The wall interaction can introduce a change in characteristic spacing, such as
shrinkage or stretching of the domain spacing [1, 2] or it can cause morphology transitions.

Experimental dif�culties in selectively addressing such b uried interfaces, meaning the structure
of the copolymer at the substrate, were overcome by the use of grazing incidence small angle
neutron scattering (GISANS). Fig. 2.14 shows selected GISANS data for different surface ener-
gies [1, 2]. Three different chemical treatments of the silicon substrates have been applied to
achieve a neutral, mid-block and end-block selective wall a nd detect the corresponding changes
in the short-ranged part of the interface potential to the st ructure and morphology of the blend
�lms [1-4].

Figure 2.15:
Lateral spacing LS of the triblock copolymer at the interface as a function of th e added
amount of PSd PS for the samples after acid-cleaning (triangles), base-cleaning (squares) and
the PS-brush surface (spheres). The dashed line shows the spacing with added homopoly-
mer picturing the contraction upon addition of PSd. Taken fr om [4].

Within this investigation we apply GISANS to probe the effect of blending an ABA-type tri-
block copolymer with a B-type homopolymer in bulky �lms, the reby addressing the area of
thick �lms. In comparison to the volume structure inside the �lms the interface structure is
characterized as a function of three different short-range d interactions installed with different
surface treatments [3]. The nano-structure due to micro-pha se separation of the tri-block copoly-
mer is measured. Morphological transitions in the interfac e structure are observed, which have
no counter part in the �lm volume (see �g. 2.15) [4].

[1] P.Müller-Buschbaum, E.Maurer, E.Bauer, R.Cubitt; Langmuir 2 2, 9295 (2006)

[2] P.Müller-Buschbaum, L.Schulz, E.Metwalli, J.-F.Moulin, R.C ubitt; Langmuir 24, 7639-7644 (2008)

[3] P.Müller-Buschbaum; Euro. Phys. J. E 12, 443 (2003)

[4] P.Müller-Buschbaum, L.Schulz, E.Metwalli, J.-F.Moulin, R.C ubitt; Langmuir 25, 4235-4242 (2009)
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2.8 Kinetics of structural changes in thin block copolymer � lms during thermal
treatment

A. Sepe, Z. Di, D. Posselt1, J. Perlich2, D. M. Smilgies3, M. A. Singh4, C. M. Papadakis
1 Roskilde University, Department of Science, IMFUFA, Roskil de Denmark
2 HASYLAB at DESY, Hamburg
3 Cornell High-Energy Synchrotron Source (CHESS), Cornell Uni versity, USA
4 Queen's University, Department of Physics, Kingston, Onta rio, Canada

Thin, nanostructured block copolymer �lms �nd a number of app lications, especially as tem-
plates for anorganic materials, which may be used as optical elements or data storage devices
[1]. For this reason, it is necessary to promote defect-freestructures. Spin-coating is often used
to prepare �lms because it is a fast and easy technique and results in homogeneous thin �lms,
but the fast self-assembly introduces defects and multi-do main structures. Therefore, thermal
annealing has frequently been applied in order to improve th e long-range order [2]. Annealing
temperature is a key parameter because it in�uences both, the interface tension and the polymer
mobility.
We have studied thin �lms from lamellar poly(styrene- b-butadiene) diblock copolymers (P(S-
b-B)), initially having the perpendicular lamellar orienta tion [3]. The in�uence of thermal
treatment was investigated by means of in-situ grazing-inc idence small-angle X-ray scattering
(GISAXS) and ex-situ atomic force microscopy (AFM). In the P(S-b-B) system, the glass transi-
tion temperature Tg of PB is -80 	 C, i.e. PB is mobile at room temperature (RT), whereas for PS,
Tg is 102 	 C, i.e. PS is in the immobile, glassy state at RT. To investigate the role of mobility for
the annealing process, we have systematically varied the annealing temperature between 60 	 C
and 120 	 C. A symmetric P(S-b-B) diblock copolymer, having a molar mass of 216 kg/mol and
an initial lamellar thickness of 80 nm, was spin-coated from toluene solution onto Si wafers,
then dried in vacuum for 1 day at RT, resulting in a �lm thickne ss of 150 nm. The structural
properties were studied by means of GISAXS experiments, using a heatable sample chamber
�ushed with N2. The experiments were carried out at beamline BW4, HASYLAB at DE SY. We
have performed GISAXS measurements during thermal annealin g of P(S-b-B) (Fig. 2.16a). Ther-
mal treatment below 100 	 C does not alter the straight diffus e Bragg rods (DBRs), i.e. the per-
pendicular orientation is unchanged. Upon thermal treatmen t above 100 	 C, the DBRs are less
well-de�ned, i.e. the perpendicular orientation is destabi lized. At the annealing temperature,
bending of the DBRs is observed at 60 	 C – 100 	 C. After cooling down, the DBRs reappear, the
process is thus reversible. In contrast, for an annealing temperature of 120 	 C (i.e. above Tg

of PS), the DBRs disappear during annealing and they do not re appear upon cooling down to
room temperature. This is con�rmed by AFM (Fig. 2.16b), where no lamellar structure can be
discerned any longer after annealing at 120 	 C.
We conclude that the processes during thermal treatment of l amellar diblock copolymer �lms
are greatly dependent on treatment temperature. In particu lar, the highest glass transition tem-
perature of the two blocks plays an important role. Thermal an nealing below the Tg of the PS
block results mainly in a �attening of the �lm surface and a dec rease of the lamellar thickness,
whereas above, severe changes of the orientational distribution of the lamellar structure are
observed.
This project is funded by the Graduate School 'Materials Science of Complex Interfaces'.

[1] R.A. Segalman, Mat. Sci. Eng.: R. Reports48, 191 (2005)

[2] e.g. R.J. Albalak et al., Polymer38, 3819 (1997)

[3] P. Busch, D. Posselt, D.-M. Smilgies, M. Rauscher, C.M. Papadakis, Macromolecules 40, 630 (2007)
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Figure 2.16:
a) GISAXS images of P(S-b-B) before N, during JI and after H thermal treatment at 60 	 C,
80 	 C, 100 	 C and 120 	 C respectively. Right panel: corresponding lateral intensity pro�les
along the stripes marked in the 2D images. b) AFM images (3x3 � m2) of an as prepared
�lm and after thermal treatment at 60 	 C, 100 	 C and 120 	 C and s ubsequent cooling down,
respectively.
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2.9 Induced orientational order in diblock copolymer thin � lms via directional sol-
vent vapor-�ow

E. Metwalli, J. Perlich, W. Wang, A. Diethert, S.V. Roth, C.M. Papadakis, S.V. Roth1,
Peter Müller-Buschbaumm

1 HASYLAB at DESY, Hamburg, Germany

The chemically distinct and immiscible polymer blocks of the diblock copolymers (DBCs) self-
assemble during the microphase separation into ordered pat terns on a scale of nanometers. An
expedient tunability of the size, shape, and periodicity of the microphase-separated domains is
achieved by manipulating the DBCs' molecular characterist ics. A �ne control over long-range
ordering of the microdomain structures allows the fabricat ion of integrated micro- and nanosys-
tems with a high degree of complexity and functionality. So f ar, several techniques have been
successful in achieving an enhanced morphology long-range alignment of DBCs by precisely
localizing the nano sized domains; these have included chemical and topographical patterned
surfaces as well as external �elds, viz., surface, mechanical, electric, and solvent evaporation.
In the present investigation, we perform a novel type of solv ent treatment of the spin-coated
cylinder forming composition of DBCs to achieve highly orde red nanopatterns, based on the
solvent vapor �owing parallel to the polymer �lm. We used poly styrene-block-polyethylene
oxide DBCs �lms, denoted P(S-b-EO), with a total number aver age molecular weight M n = 26.5
kg/mol, and a weight ratio of 75 :25 (PS:PEO).

Figure 2.17:
AFM images of the P(S-b-EO) �lm with 65 nm thickness after ben zene vapor treatment with-
out (a) and with vapor-�ow (b, c, and d) at speed of 0.2 m/s. (b) h ighly oriented parallel
cylinders are formed upon vapor-�ow shearing.

The powder polymer was initially dissolved in benzene at diff erent concentrations and used for
the coating step. The pre-cleaned silicon substrates were coated using the spin coating method
(2500 rpm, 30 s). The polymer �lms were solvent-annealed insi de a chamber under a controlled
benzene vapor pressure. During the annealing process, vapor-�ow was allowed to continuously
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pass over the sample in one direction inside a hood. Characterization of the microstructure,
surface morphology and thicknesses of the DBC �lms was carri ed out with X-ray re�ectom-
etry (XR), scanning electron microscopy (SEM), atomic force microscopy (AFM), and optical
microscopy. Also, both grazing-incidence X-ray diffractio n (GIXRD) and small-angle scattering
(GISAXS) were used to investigate the structure of the vapor- �ow annealled polymer �lm.

Figure 2.18:
GISAXS 2d patterns of DBC thin �lm (left) without and (right) w ith applied vapor-�ow:
A second order rod-like peak at the position 2q* in the GISAXS p attern (right) con�rms the
highly oriented cylinder morphology being aligned paralle l with respect to the surface plane
upon directional benzene vapor-�ow.

For an intermediate value of the �lm thickness (65 nm), a part ially crystalline polymer �lm with
terrace patterns containing �nger-like crystalline domai ns is observed as revealed from the real-
space AFM characterization (Fig. 2.17). Polystyrene domains sandwiched between crystalline
PEO domains in P(S-b-EO) are observed in areas between the large non-regular crystalline do-
mains of the polymer �lm after the benzene vapor treatment. Th e �lm morphology of the par-
allel cylinders to the surface plane was reproducibly prepa red. An important observation in the
current study is the formation of highly oriented cylinder m orphology (Fig. 2.17b) via vapor-
�ow treatment of the polymer �lm during the annealing process . A poweder like oriented par-
allel cylinders of the same sample are observed when the vapor-�ow was off (Fig. 2.17b). The
morphologies with and without the vapor-�ow in an unsealed va por annealing set-up were
fully reproducible. The GISAXS patterns for the polymer �lms w ith and without the vapor-�ow
shearing are presented in Fig. 2.18. A lateral spacing (31 nm)between the two neighboring PEO
cylinders is observed irrespective of the vapor-�ow. Howeve r, a highly orientated parallel cylin-
ders are obtained and porved from both the AFM image (Fig. 2.17a ) and the second higher order
scattering rod in the GISAXS pattern (Fig. 2.18b). The enhancment of aligment in the vapor �ow
is attributed to a vapor-�ow induced shearing effect on the po lymer �lm. The semicrystalline
PEO block forms cylinders that initiate a growth rate with a f avorable perpendicular orienta-
tion of the PEO crystals with respect to the cylinder axis. Su ch highly ordered nanostructured
polymer �lms are essential for some applications such as tem plates for metal nanopatterning
[1,2].

[1] E. Metwalli, J.-F. Moulin, J. Perlich, W. Wang, A. Diethe rt, S.V. Roth, P. Müller-Buschbaum, Lang-
muir 25, 11815 (2009)

[2] E. Metwalli, S. Couet, K. Schlage, R. R̈ohlsberger, V. Körstgens, M. Ruderer, W. Wang, G. Kaune,
S.V. Roth, P. Müller-Buschbaum, Langmuir 24, 4265 (2008)
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2.10 Structural changes of thin block copolymer �lms in sele ctive solvent vapor

Z. Di, C. M. Papadakis, D. Posselt1, D.-M. Smilgies2

1 Roskilde University, Department of Sciences, IMFUFA, Roski lde, Denmark
2 Cornell High-Energy Synchrotron Source (CHESS), Cornell Uni versity, USA

Thin block copolymer �lms are promising candidates for a vari ety of applications, such as the
preparation of nanoporous �lms, nanostructured templates , photonic crystals and biosensors
[1]. Long-range order can, for instance, be achieved by solvent vapor treatment with subse-
quent drying. However, the molecular mechanisms and mesosc opic rearrangements involved
in solvent annealing are still largely unexplored.
The thin �lm geometry allowed us to study the processes during vapor treatment in great detail
[2-4]. Using in-situ, real-time grazing-incidence small-a ngle X-ray scattering (GISAXS) with
2D detection, structural changes parallel to the lamellar i nterface can be distinguished from
those along the �lm normal. We addressed the question on whic h time scale long-range order
is achieved, and how this process is related to the increase of polymer mobility at the glass
transition of the blocks and to the decrease of the interfaci al tension upon uptake of solvent.

Figure 2.19:
GISAXS images of the P(S-b-B) thin �lm during treatment with saturated CHX vapor at the
treatment times given in the �gures.

A thin �lm of lamellar poly(styrene- b-butadiene) (P(S-b-B)) diblock copolymers having a
molar mass of 22.1 kg/mol, an initial lamellar thickness of 18 .9 nm and a �lm thickness of 97
nm was investigated [4]. The �lm was treated with saturated va por of cyclohexane (CHX),
which is a good solvent for PB and a theta solvent for PS, i.e. it is slightly selective for PB.
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In-situ grazing-incidence small-angle X-ray scattering ( GISAXS) was carried out at beamline D1
at the Cornell High Energy Synchrotron Source (CHESS). The time resolution was a few seconds.

The GISAXS image of the as-prepared sample (Fig. 2.19) shows both, weak diffuse Bragg sheets
(DBSs) along the �lm normal, qz, and diffuse Debye-Scherrer rings (DDSRs), indicating the pres-
ence of lamellae having their interfaces parallel to the sub strate surface as well as randomly ori-
ented lamellae. During vapor treatment, the GISAXS images change drastically and reveal the
presence of a transient state with improved long-range orde r and eventual disordering of the
�lm (Fig. 2.19). Especially at 7.5-13.5 min after the start, the DDSR vanishes partly, and well-
pronounced DBSs appear. For times longer than 13.5 min, a broad DDSR appears. We conclude
that, temporarily, a state with higher order appears, which , however, becomes disordered upon
prolonged vapor treatment. The �lm thickness during vapor tr eatment was determined from
the period of the intensity oscillations in the DDSRs [5]. Fr om the ratio of the initial and the
actual �lm thickness, the polymer volume fraction during va por treatment, � , could be deter-
mined to decrease from 1.0 to 0.55.
Knowledge of � allowed us to estimate the times at which the glass transitio n and the order-
to-disorder (ODT) transition take place. Since the glass transition temperature, Tg, of PB is
very low (-89 � C), we only need to consider the decrease ofTg of PS. Using the Kelley-Bueche
equation [6], we estimate that Tg(PS) reaches room temperature when � < 0:9, which is the
case after 3.5 min of vapor treatment. Thus, already shortly af ter the start of the treatment, the
polymers are suf�ciently mobile for long-range order re-ar rangements. Vapor uptake, however,
also decreases the effective interfacial tension between the two blocks, which eventually results
in crossing of the ODT and disordering. Assuming that the inte raction energy between PS and
PB scales with � , we have estimated that the ODT occurs at � � 0:6 which is the case after 20
min of vapor treatment. We conclude that �rst, the polymers b ecome mobile and only later the
mesostructure vanishes. In-between these times, achievement of higher long-range order with a
more well-de�ned lamellar orientation is possible. These �n dings are summarized in Fig. 2.20.

Figure 2.20:
Sketch of the structure of the as-
prepared sample (a), the transient
state of improved long-range order
(b) and the �nal, disordered state (c).
The different shades of gray indicate
the PS and PB parts of the lamellae.
For clarity, only a few lamellar do-
mains are shown. The substrate is
marked by dashes.

This project is funded by the Graduate School 'Materials Science of Complex Interfaces'.
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2.11 Structural changes in a lamellar block copolymer thin � lm during solvent va-
por treatment below saturated pressure

Z. Di, C. M. Papadakis, D. Posselt1, D.-M. Smilgies2

1 Roskilde University, Department of Sciences, IMFUFA, Roski lde, Denmark
2 Cornell High-Energy Synchrotron Source (CHESS), Cornell Uni versity, USA

Thin �lm of block copolymers represent an interesting class o f materials, mainly due to their
potential to self-assemble into highly regular structures of mesoscopic dimension [1]. Treatment
with solvent vapor is a promising means for block copolymer t hin �lm equilibration, i.e. an
ef�cient way to improve the long-range order. Our previous s tudies [2] reveal that, in lamellar
poly(styrene-b-butadiene) (P(S-b-B)) �lms, prolonged solvent vapor treatment indeed improv es
the long-range order, however, eventually leads to disorde ring of the block copolymer. In the
present work, we carried out vapor treatment with a vapor pre ssure below saturationsuch that
the sample maintains the lamellar morphology throughout. W e focus on three aspects: (i) the
gradient of swelling from the �lm surface to the substrate, ( ii) the in�uence of the solvent se-
lectivity on the swelling of the two parts of the lamellae, an d (iii) the formation of additional
lamellae.
We have studied a thin �lm of P(S- b-B) with a molar mass of 28.0 kg/mol and a lamellar thick-
ness,D lam = 22:5 nm. The initial �lm thickness was 376 nm. The solvent used for th e vapor
treatment was cyclohexane (CHX) which is a good solvent for P B and a theta solvent for PS,
i.e. it is slightly selective for PB. Liquid CHX is injected in to the cell, and the solvent vapor
pressure is controlled by a gas �ow through the sample cell. The �lm thickness was measured
in-situ using a white-light interferometer. The structural changes were monitored using in-situ,
real-time grazing-incidence small-angle X-ray scatterin g (GISAXS) at beamline D1 at CHESS,
Cornell University.

Figure 2.21:
(a) Swelling curve of the P(S-
b-B) thin �lm in CHX together
with GISAXS images acquired
at the treatment times indi-
cated by the arrows. The
�lm normal is vertical. (b)
The degree of swelling of the
�lm thickness (blue curve) and
of the lamellar thickness (red
dots) as a function of treat-
ment time. (c) Schematics of
the restructuring of the lamel-
lar stack during vapor treat-
ment. Only the uppermost and
lowermost lamellae are shown.
The substrate is hatched.

The GISAXS image of the as-prepared �lm displays 1st and 3rd ord er diffuse Bragg sheets
(DBSs) along the �lm normal (each order has two branches, �gu re 2.21a). This re�ects that
the lamellae are mainly parallel to the �lm surface and that t he PS and the PB parts of the lamel-
lae are equally thick. During the treatment with CHX vapor, t he �lm continuously swells from
376 nm to 511 nm, and both, the intensity and position of the DB Ss change drastically: During
the �rst minute, the higher-order DBSs vanish, i.e. the corre lation of the lamellar interfaces is
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weakened. After 3-4 min, 2nd and 3rd order DBSs re-appear, ind icating (i) an improved correla-
tion of the lamellar interfaces and (ii) asymmetric swellin g. The latter is due to the selectivity of
CHX for PB resulting in a higher degree of swelling for the PB p art of the lamellae. After � 10
min of vapor treatment, the scattering does not change any lo nger, i.e. a new equilibrium state
is reached.
Careful inspection of the positions of the 1st and 3rd order D BSs shows that, during the �rst few
minutes of vapor treatment, their ratio does not match the on e expected for a stack of equally
thick lamellae. We conclude that D lam displays a gradient from the �lm surface (where the
lamellae are more swollen than on average) to the substrate surface (where they are less swollen
than on average). This gradient is evident because the as-prepared �lm is relatively thick, thus
the solvent vapor needs time to swell the entire �lm equally.
The lamellar thickness D lam as obtained from the position of the 1st order DBS behaves dif -
ferently from the �lm thickness as a function of treatment ti me (Fig. 2.21b). Initially, D lam in-
creases faster than the �lm thickness, i.e. the uptake of solvent results mainly in swelling along
the lamellar normal. The discrepancy is due to the fact that ma inly the upper (more swollen)
lamellae contribute to the average position of the 1st order DBSs. After � 0:6 min of treatment,
the swelling of the lamellae abruptly slows down, which we at tribute to the glass transition of
the PS domain: After having taken up a suf�cient amount of CHX, PS goes from the glassy to
the liquid state, and the block copolymers become signi�can tly more mobile. The two blocks
can now assume more coiled molecular conformations, which a re entropically favored when
solvent is present [3]. These result in an increased interfacial area per copolymer and in a lower
D lam than for pure uniaxial swelling. After � 1:3 min, the lamellae de-swell strongly. We have
observed this effect before [2], and have attributed it to hi gh interfacial demand which makes it
impossible to accomodate all copolymers at a certain lamell ar interface. Thus, additional lamel-
lae are formed, and the blocks can relax to their new (coiled) equilibrium conformation with a
lower D lam than in the as-prepared state. Eventually, D lam levels off after � 4 min of treatment,
i.e. a new equilibrium state is reached.
We have witnessed complex structural changes in a P(S-b-B) diblock copolymer thin �lm during
treatment with CHX vapor below saturation vapor pressure (F ig. 2.21c). Both the �nite diffusiv-
ity of the solvent in the polymer �lm, its selectivity toward s the PB block and the glass transition
temperature of the PS block were found to be important parame ters. Uneven and asymmetric
swelling as well as the formation of additional lamellae wer e observed.
This project is funded by the Graduate School 'Materials Science of Complex Interfaces'.
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3 Polymer �lms for applications in photovoltaics
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3.1 Crystallinity of P3OT in thin polymer �lms

S. M. Prams, M. A. Ruderer, P. Müller-Buschbaum

Like many polymers the conductive polymer poly(3-octylthi ophene-2,5-diyl) (P3OT) is counted
among the semi-crystalline materials. This means P3OT includes regions in which the polymer
chains order in a crystalline way. These regions are usually surrounded by amorphous regions
without crystalline ordered structure. In conductive poly mer devices crystallinity is of special
interest since it has in�uence on its conductivity. The orient ation of the crystalline phases can
for instance lead to anisotropic conductivity [1].

Thin �lms consisting of P3OT were prepared by spin-coating fr om tetradytrofuran (THF) solu-
tion on pre-cleaned glass substrates. According to a previously ascertained linear correlation
between �lm thickness and polymer concentration of the solu tion, the used concentration of
10 g/l leads to a �lm thickness of 120 nm. For exploration of th e in�uence of thermal treatment,
�lms were annealed at 130 � C for 15 minutes on a hot plate under vacuum conditions and
quenched to room temperature.

To examine the crystallinity of the P3OT �lms grazing incide nce wide angle x-ray scattering
(GIWAXS) was used. Placed at a distance of 123 mm behind the sample, the detector covers
an angular region from 0 � to 35� . This setup allows the detection of structures in the nm- and
sub-nm-region. The scattering experiments were performed a t the beamline BW4 at HASYLAB
in Hamburg.

The analysis of the scattering images is accomplished by sector integrals perpendicular (vertical)
and parallel (horizontal) to the substrate surface. The inte grals are compared with each other in
two different ways.
Fig 3.1a shows the comparison of vertical and horizontal inte grals of the same polymer �lm,
like indicated by the pictograms. The top graphs (I) and (II) p ertain to the annealed �lm, the
bottom graphs (III) and (IV) to the unannealed �lm. All of the g raphs displayed show intensity
maxima caused by crystalline structures within the �lms. The (100), (200) and (300) maxima
can be assigned to the same structural length named ”a”. The (100) is the main maximum of
this structural length. (200) and (300) are higher order peaks. Consequently their values of q
are twice (q(200) = 5 :1 nm � 1) and three times (q(300) = 7 :7 nm � 1) higher than q(100) = 2 :5 nm � 1

respectively. Via the formula a = 2�h
q , with the crystallographic indice h = 1 the value of

a = 2 :5 nm can be calculated from the (100) peak . The (010) peak corresponds to a structure
size b = 0 :4 nm oriented perpendicular to a [2, 3].
Although the structures a and b are perpendicular to each other within each crystalline
region, the orientation of the different crystalline regio ns has an angular distribution. For the
unannealed �lm the intensity of the (100) maximum is higher i n vertical direction while the
intensity of the (010) maximum is equal in horizontal and ver tical direction. The corresponding
comparison for the annealed �lm shows almost equal intensit ies for the (100) maximum in both
directions. In vertical direction the intensity of the (010 ) maximum is higher than in horizontal
direction.

The direct comparison of the annealed and unannealed �lms in v ertical direction (Fig 3.1b,
top), shows a shift towards higher values of q for the (100), (200), (300) and (010) maxima in the
graphs of the annealed �lm. This corresponds to a 9 % shrinkage of the structures a and b in
real space.
For the annealed �lm the (100) maximum is less intense and bro adened. In Fig 3.1c a region
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Figure 3.1:
Sector integrals from GIWAXS scattering images. a) Direct comparison of horizontal (I/III)
vs. vertical (II/IV) sectors for annealed polymer �lms (top) an d unannealed �lms (bottom).
b) Direct comparison of annealed (V/VII) vs. unannealed (VI/VIII) �lms in vertical (top)
and horizontal direction (bottom). Graphs (I) and (II), (III) and ( IV), (V) and (VI), as well as
(VII) and (VIII) are shifted by the same value respectively. c) Zoo m of the (100) maximum
region of the vertical sector integrals of b).

with a small slope can be found around the position of the (100 ) maximum of the unannealed
�lm. The intensity of the (010) maximum is enhanced in the anne aled �lm with respect to the
unannealed one.
The horizontal graphs (Fig 3.1b, bottom) show a shift of the max ima toward higher values of
q as well. In contrast to the vertical graph, the intensity of t he (100) due to annealing and the
intensity of the (010) maximum decreases.

In summary, the examined polymer �lms show crystalline feat ures even without post produc-
tion annealing. The relatively simple molecular structure o f the P3OT monomer presumably
promotes the formation of crystalline ordered regions in th e �lm.
In the annealed �lm the structure a is more strongly oriented in horizontal direction than it
is for the unannealed �lm. Inversely the structure b is oriented stronger in vertical direction.
These observations lead to the conclusion that the predominant orientation of the crystalline
regions changes due to the annealing.
The shrinkage of the crystalline structures can be explained by a structural optimization caused
from reorientations of the side groups as well as by residual THF molecules leaving the polymer
�lm during the annealing [4].

[1] X. Xiao et al., J. Phys. Chem. B 113 (2009) 14604

[2] A. Urbina et al., EPJ. Appl. Phys. 37 (2007) 283

[3] T.J. Urbina et al., Macromolecules 25 (1992) 4364

[4] S.M. Prams et al., manuscript in preparation
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3.2 Analysis of solvent residuals in thin �lms of conducting polymers

M. Schindler, R. Meier, M. A. Ruderer, P. M üller-Buschbaum

Since conducting polymers show widespread application pos sibilities, e.g. in organic solar cells
and organic �eld effect transistors, it is a serious concern to investigate long-time stability and
aging. Aging can be enhanced due to remaining solvent embedded in the polymer matrix of
thin �lms. Remaining solvent affects the mobility of the pol ymers and results in an ongoing
change of the microstructure, which is accompanied by chang es in the electrical performance.

One of our goals is to investigate the remaining solvent in th in conducting polymer �lms with
neutron re�ectivity (NR), utilizing the contrast between pr otonated and deuterated solvents.
Perlich et al. [1] reported a signi�cant enrichment of solve nt at the substrate/polymer interface
in thin polystyrene �lms, still present after different ann ealing and storage conditions. We will
use titanium with a scattering length density (SLD) of � 1:95� 10� 6A � 2 for the substrate material
instead of silicon with a much higher SLD of 2:07 � 10� 6A � 2. This increases the detectability of
residual solvent in thin polymer �lms due to a prominent shif t of the critical edge as shown in
the inset of �g. 3.2. The shown simulation was calculated using the Parratalgorithm [2]. For the
polymer in this simulation we used MEH-PPV with a SLD of 5:67 � 10� 7A � 2 and as solvent we
took deuterated tetrahydrofuran (dTHF) with a SLD of 5:73� 10� 6A � 2.

Figure 3.2:
Simulated neutron re�ectivity curve
of a MEH-PPV �lm with a thickness
of 100 nm on a titanium substrate
with different solvent contents of
deuterated tetrahydrofuran (dTHF).
Inset shows the difference between a
silicon and a titanium substrate.

In Fig. 3.2 it can be seen that there is a signi�cant difference in the shift of the critical edge
due to the solvent residuals, as simulated for a solvent cont ent of 5%, 10%, and 15%. Our
goal is to verify this simulations in experiment at the instr ument MIRA at the FRM2 in Garching.

In another approach we are also investigating thin �lms of po lymer blends with scanning
transmission x-ray microscopy (STXM) at the PolLux beamline at the Paul Scherrer Institute
(PSI) in Switzerland. This beamline offers energies from 200 to 1400eV, which enables us
to search for remaining solvent by using solvents containin g oxygen and polymers without
oxygen. The K-absorption edge of oxygen, which we are looking f or in the transmission
spectra, has an energy of 540eV and hence is clearly detectable in the energy range of the
beamline. This limits the choice of solvents suitable for the STXM measurements to the solvents
tetrahydrofuran (THF), cyclohexanone and dioxane, with ong oing search for alternatives. This
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set-up allows us to get a spatially and quantitatively resol ved distribution of remaining solvent
in the thin polymer blend �lms.

For both described approaches the polymers are dissolved in organic solvents and spin-coated
on acidic pre-cleaned titanium substrates for the NR measur ements and on TEM-grids for the
STXM measurements. For the neutron experiments we are going to use p-phenylenevinylne-
based conductive polymers (MDMO-PPV, MEH-PPV, M3EH-PPV, a nd CN-PPV) and for the
STXM measurements blends based on P3HT:PVK, F8BT:PVK, and F8BT:PVK.
For the STXM measurements we have already analyzed the �lm top ology and composition
of a polymer blend �lm based F8BT:PVK using optical and atomic force microscopy. For
the 20nm resolution of the PolLux beamline a phase separation of the p olymer blend in the
region of 0:5�m to 10�m is desired in order to achieve a good and clear contrast between the
homopolymer domains.

Figure 3.3: Optical and atomic force microscopy pictures of a F8BT and PV K blend.

Fig. 3.3 shows the phase separation of the polymer blend, clearly visible by the darker islands
embedded in the brighter matrix. The inset depicts an AFM image of the phase at a total size of
15 � 15�m 2. The phase separation has a broad distribution of the typical structure size, going
from 1 �m up to 10 �m , and hence makes an investigation with the spatial resoluti on of the
PolLux beamline possible.
For the future the nanostructures have to be optimized conce rning their homogeneity and size
and additional sophisticated polymer blends have to be inve stigated also using other solvents.
This study allows us to get an insight into one possible effect of aging, which is still a very
crucial problem concerning long time stability of organic s olar cells.

[1] J, Perlich, V. Körstgens, E.Metwalli, L. Schulz, R. Georgii, P. Müller-Buschbaum Macromolecules 42
(1), 337-344 (2009)

[2] L. G. Parrat, Phys. Rev.95, 359 (1954).
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3.3 Modi�cation of the electrical conductivity in conjugat ed polymer �lms

A. Nathan, M. A. Ruderer, R. Cubitt 1 and P. Müller-Buschbaum
1 ILL, Grenoble, France

Conjugated polymers in thin �lm geometry are of great intere st for various applications such as
printed electronics, organic photovoltaics, organic ligh t emitting diodes and organic �eld effect
transistors. Therefore, the selective modi�cation and cont rol of the electrical conductivity of
such polymers has special importance. Since long time, polyacetylene in particular attracted a
lot of attention due to the possibility of changing its condu ctivity over several orders of magni-
tude by using doping [1]. The trans-structure of polyacetyle ne establishes a double degenerated
ground state de�ning the precondition for the low conductiv ity which is already present at
room temperature. According to the Peierl's transition, know n from one-dimension metal sys-
tems, the ground state complies with a valence and conductio n band separated by an energy
gap, the Peierl's gap. Because the single and double bonds aremutually interchangeable along
the polymer chain defects occur during polymerization. Thes e defects can be described as so
called neutral solitons which are stable and mobile along th e polymer chain without any loss of
energy. However, the process crucial for conductivity in po lyacetylene is interchain hopping of
the solitons. As neutral solitons do not transport charges th ese defects do not contribute to the
conductivity of polyacetylene. To create charged solitons and therefore to increase the conduc-
tivity doping is necessary. Upon moderate doping strong elec tron-phonon coupling transfers
the charges from the dopand, typically a halogen, to the poly mer chain, stored in spinless soli-
tons with charge � e in comparison to the undoped situation. The dopand ions thems elves are
localized close to the defects and in�uence the overall condu ctivity process as well. At high level
doping, bound states of solitons give rise to so called polar ons, which cause a high conductivity.

Figure 3.4:
(a) UV/Vis measurement of absorbance. Undoped �lm (solid li ne) of a polyacetylene deriva-
tive and after 5 minutes in an iodine solution (dashed line). (b) Detailed view of the maxima
of the absorbance curves.

There has been a fast progress in synthesizing conjugated polymers in recent years. Neverthe-
less little effort was expended to exceed or investigate wit h advanced techniques the results
obtained by Chiang et al.[1] over three centuries ago. In this work we revisit thin �lms of
newly developed polyacetylene derivatives in respect to di fferent doping methods by applying
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advanced scattering techniques. The newly available polyacetylene derivatives offer the
advantage of higher stability against oxidation and thus pr omise better processing conditions.

First experiments were conducted using a polyacetylene der ivative dissolved in toluene. Glass
substrates were cleaned for 15 minutes at80� C in an acid solution within two hours before use.
Then, in a box impermeable to light these �lms were processed o ver night through solution
casting under atmospheric conditions. In our �rst doping pr ocedure a solution of iodine in
methanol was applied. All samples were put in a �at glass vessel �lled with the iodine solution
for doping, covered by another vessel to protect them from li ght. We removed the samples in
intervals of 5 minutes and performed UV/Vis measurements sub sequently.

As seen in Figure 3.4, the maxima in the UV/Vis measurement is shi fted to shorter wavelength
after doping in the iodine methanol solution. This higher sep aration between adjacent energy
levels is mainly caused by a reduction of the conjugation len gth. Therefore the shift indicates
a higher number of defects within the �lm. On the other hand th e absorbance increases at
the peak according to the expected improvement of conductiv ity. Especially the absorbance
towards longer wavelengths gains through doping. This featu re is due to an additional energy
state of the charged solitons inducing the so-called mid-ga p occurring at 0.65 - 0.75 eV [2]. The
additional peak is not within the range of the measured wavel engths, but the shoulder of the
increase can be seen clearly. For higher concentrations of doping the maximum absorbance
decreases in favor of the mid-gap. Figure 3.5 shows this behavior of the maximum.

Figure 3.5: Maximum of absorbance depending on the doping time with iodi ne methanol solution

The applied doping method shows unfavorable effects, e.g. the �lm partly detaches from the
substrate and possible swelling of the �lm. Furthermore res iduals of the doping solution on the
surface of the �lm might in�uence light absorption and conduc tivity measurements. Therefore
the doping method will be improved and adjusted to the polyme r. The dopand itself might be
replaced in further investigations by bromine or FeClf �

4 [3].

[1] C. Chiang, C. Fincher, Y. Park, et al. Phys. Rev. Let.39, 17 (1977)

[2] A. J. Heeger, S. Kivelson, J. R. Schrieffer, W.-P. Su, Rev.Mod. Phys. 60, 3 (1988)

[3] A. Morin, M. B �eni �ere and F. B�eni �ere, J. Phys. Chem. Solids50, 611 (1989)
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3.4 Thin photoactive polymer blend �lms on structured substr ates: A GISAXS
study

R. Meier, S. V. Roth1, P. Müller-Buschbaum
1 HASYLAB at DESY, Hamburg, Germany

Thin conducting photoactive polymer �lms have become of grea t interest over the last decade.
This is mainly due to their various possibilities of applicat ion in electronic devices such
as organic solar cells (OSCs), organic light emitting devices (OLEDs) or organic �eld effect
transistors (OFETs). They combine mechanical �exibility, op tical adjustability and many more
device design possibilities with production advantages su ch as solution processability and
cheap manufacturing cost. But it has to mentioned that e.g. fo r the photovoltaic application
there is still a lack of overall power conversion ef�ciency o f the organic devices in comparison
to the inorganic counterpart mostly based on silicon. The bes t reported polymer based solar cell
has a power conversion ef�ciency of 1:2% for a lab device and therefore can not compete with
the commercially based silicon solar cells (around 16%) [1]. Hence many ways are considered
to improve the device characteristics. One of them is to incr ease light absorption and to control
the crucial phase separation in the polymer �lms. The phase se paration of the polymer blend
has a desired length scale in the order of the estimated mean diffusion length of the generated
excitons (ddif f � 15 � 20nm).

Our approach is to pre-structure the substrate and to coat it in a following step with a thin
photoactive polymer �lm by spin coating. Due to the underlyi ng structure the polymer �lm has
an inhomogeneous �lm thickness. It can be shown that the phas e separation of a polymer blend
�lm depends not only on the degree of polymerization like it i s predicted by the Flory-Huggins
mean �eld approach but for thin �lms also strongly depends on the �lm thickness [2]. This can
lead to a sophisticated inner �lm structure with a combinati on of areas on the sample with a
phase separation on the nanoscale suited for charge carrierseparation and parts with a larger
phase separation interesting for charge carrier transport to the electrode.

Figure 3.6:
2D-scattering images of a structured silicon substrate (a) and the same substrate coated with
a thin polymer blend �lm.

Hence, it is necessary to characterize the inner �lm structu re of these polymer �lms. A promis-
ing approach is grazing incidence small angle X-ray scatter ing (GISAXS), which was performed
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at the BW4, DESY (Hamburg). Fig. 3.6 shows the 2-dimensional scattering images of a plane
channel structured silicon substrate (a) and one coated wit h a polymer blend based on the two
photoactive polymers F8BT and M3EH-PPV (b). For both samples the channel structure has a
size of 2�m , an equidistant periodicity of 4�m and an etched depth of 150nm. The structures are
achieved using hard lithography with a positive Shipley S18 05 photo-resist followed by reactive
ion etching (RIE) with a gas mixture of SiF6 and C4F8.
The ring around the specular peak, which is hidden in both imag es behind the beam stop, results
from the perfect order of the fabricated channels. Atomic for ce microscopy images also show a
perfect shape of the channel structure and a constant etcheddepth over the whole sample. On
the contrary scattering images of samples with an imperfect orientation do not show this ring
shape.
The prominent palm-likestructure of the coated sample (b) results from the transiti on from the
sharp box-like shape of the uncoated channels to the more wavy surface topology of the coated
sample with the polymer �lm on top of the textured substrate. In the detector cut of sample (b)
(�g. 3.7) a clear peak at the position of the critical angle for the polymer ( � crit = 0 :14� ) can be
detected and hence it is clear evidence for the existence of the polymer �lm and its in�uence
on the scattering image. We assume that the palm structure is due to complex interferences
from the wavy polymer �lm. Additional experiments with homop olymer �lms on structured
substrate show similar palm structures as well. But by varia tion of the etched depth of the
channels and hence a tuned wavy surface of the polymer �lm the palm structure is changed
dramatically concerning its periodicity and orientation ( upwards vs. downwards). In addition
�g. 3.7 also shows the out-of-plane cuts for sample (b) taken a t the critical angle of the polymer
(� f = 0 :14� ), at the maximum position of the detector cut ( � f = 0 :17), and at the critical angle
of silicon ( � f = 0 :2� ). The inserted arrows highlight the evolvement of the palm li ke structure
for increasing re�ected angles.

Figure 3.7:
Detector cut of sample (a) and (b) showing the peak at the crit ical angle of the polymer blend
and out-of-plane cuts taken at different angles � f for sample (b)

From the cuts shown in �g. 3.7 it can be seen that in order to extr act the full information of the
scattering images a 2-dimensional �tting is necessary. As a n ext step this has to be realized using
the simulation software IsGISAXS [3]. Also optical absorptio n and re�ection measurements of
the textured and coated substrates have to be performed.

[1] C.R. McNeill, J.J.M. Halls, R. Wilson, G.L.Whiting, S. Berkebile, M.G. Ramsey, R.H. Friend, N.C.
Greenham, Adv. Fun. Mat. Vol. 18, Iss. 16, pp. 2309-2321 (2008)

[2] R. Meier, M.A. Ruderer, G. Kaune, A. Diethert, S.V. Roth, P. Müller-Buschbaum, to be submitted

[3] R. Lazzari, J. of App. Crystallogr.,Vol. 35, pp. 406-421(2002)



52 PHYSIK -DEPARTMENT E13 ANNUAL REPORT 2009

3.5 Photophysics and photocurrent generation in polythiop hene/poly�uorene
copolymer blends

M. A. Ruderer, C. R. McNeill 1, A. Abrusci 1, I. Hwang 1, N. C. Greenham1, P. Müller-
Buschbaum

1 University of Cambridge, Cavendish Laboratory, Cambridge , UK

In polymer photovoltaics two classes of solar cells are of ma jor interest where the active layer
is the main difference. On the one hand fullerene/polymer sy stems and on the other hand
all-polymer combinations are the most investigated combin ations. While for fullerene/polymer
systems ef�ciencies of over 5 % are reported, one of the most promising all-polymer systems,
poly((9,9-dioctyl�uorene)-2,7-diyl-alt-[4,7-bis(3-hexyl thien-5-yl)-2,1,3-benzothiadiazole]-2',2”-
diyl) (F8TBT)/poly((3-hexylthiophene) (P3HT), has shown ef� ciencies of nearly 2 %.[1] For both
systems annealing is required to reach high device performa nce. In this study the evolution
of photophysics and device performance of P3HT:F8TBT due to temperature treatment is
investigated and combined with structural changes probed w ith grazing-incidence small-angle
X-ray scattering (GISAXS).

Figure 3.8:
a) 2D GISAXS patterns of as-spun and annealed (100oC, 140oC, and 180 oC) P3HT:F8TBT
�lms. The color code represents the scattering intensity. T he specular re�ection is shielded
by a beam stop. b) Double logarithmic plot of the out-of-plan e cuts of the GISAXS data
taken at the critical q-value of F8TBT (qz = 0 :52 nm � 1). The data (black triangles) are �tted
(red solid lines) with the effective interface model. The da shed line represents the resolution
limit. All curves are shifted along the y-axis for clarity.[ 3]

In Fig. 3.8 the GISAXS data of P3HT:F8TBT blend �lms as-spun and wi th different anneal tem-
peratures are shown. The 2d scattering pattern (Fig. 3.8a) provide qualitative information on
the inner structure of the investigated �lms. In vertical di rection a special type of oscillations
due to correlated roughness indicates the formation of a lay ered structure. The coarsening of
lateral structures with increasing anneal temperature can directly be seen in the narrowing of
the scattering signal in horizontal direction. To obtain a q uantitative information out-of plane
cuts were performed (Fig. 3.8b). The �tting of the data [2] reve als the evolution of a small length
scale which is not present for in the as-spun �lm and increase s from 25 nm at 100 oC to 150 nm
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for an annealing temperature of 180 oC. This structural length does not describe the size of an
objects but the distances of objects and may correspond to the distance of small pure P3HT do-
mains in an impure F8TBT matrix.
The device characteristics of P3HT:F8TBT solar cells are shownin Fig. 3.9. The cells are tested
under simulated sunlight and the current-voltage characte ristics are extracted (Fig. 3.9a). The
devices show improvement of performance with an additional annealing step. 140oC was found
as the optimal annealing temperature to reach highest ef�ci encies. The open circuit voltage is
increasing with annealing temperature and is attributed to the dark current. With an additional
LiF layer acting as an hole blocking layer between the active layer and the top electrode the
open circuit voltage is signi�cantly increasing (black das hed line) and becomes anneal tempera-
ture independent. The spectral dependence of external quantum ef�ciency was measured under
lower light intensities and also shows an optimal anneal tem perature of 140 oC for P3HT:F8TBT
devices (Fig. 3.9b). From the red-shift in the absorption spectrum and decrease of photolumi-
nescence lifetime (not shown here) reordering of P3HT at 100 oC is already seen. Furthermore
photocurrent spectroscopy studies aided with by optical mo deling it is found that photocur-
rent is ef�ciently generated from both polymers in the blend . The relative contribution of both
polymers is changing with annealing temperature.

Figure 3.9:
Variation in the device characteristics of xylene-processed P3HT:F8TBT photovoltaic devices
with annealing. a) Current-voltage characteristics under simulated sunlight (100mW cm 2

AM1.5G). b) Spectral dependence of external quantum ef�cie ncy.[3]

Consequently, the rearrangement of P3HT on a molecular level is not suf�cient enough to reach
optimal device performance but additional phase separatio n is needed which for P3HT:F8TBT
blend systems is optimal at 140 oC. Interestingly, the optimum performance is not found at a
small structure size on the order of the exciton diffusion le ngth. Thus while for exciton disso-
ciation close intermixed morphology is advantageous, the s eparation of coulombically bound
charge pairs at the polymer interface is in phase separated systems increased. An annealing
process at 140oC seems to balance this for P3HT:F8TBT systems.[3]

[1] C. R. McNeill, A. Abrusci, J. Zaumseil, R. Wilson, M. J. Mc Kiernan, J. J. M. Halls, N. C. Greenham,
R. H. Friend, Appl. Phys. Lett. 90, 193506 (2007).

[2] P. Müller-Buschbaum, in Applications of Synchrotron Light to S cattering and Diffraction in Mate-
rials and Life Science, Vol. 776 (Eds: T. A. Ezquerra, M. Garcia-Gutierrez, A. Nogales, M. Gomez),
Springer, Berlin p.61 (2009).

[3] C. R. McNeill, A. Abrusci, I. Hwang, M. A. Ruderer, P. M üller-Buschbaum, N. C. Greenham, Adv.
Funct. Mater. 19, 3103 (2009).
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3.6 Structuring of an electron-blocking PEDOT:PSS layer in organic solar cells

R. Meier, F. Markl, P. M üller-Buschbaum

Photoactive conducting polymers have shown great potentia l for future application in organic
electronics such as Organic Solar Cells (OSCs). Power conversion ef�ciencies of up to 4:5%
have already been reached for organic blend devices based onthe p-type polymer P3HT and
the n-type fullerene PCBM [1]. In order to compete with the si licon based inorganic solar cells
the ef�ciency still has to be improved although they have man y other design and production
advantages such as optical adjustability, �exible design an d solution processability.

Figure 3.10:
Sketch of a �at organic solar cell and of a structured
organic solar cell highlighting the idea of improved
light absorption.

The design of such an organic solar cells is in general based onmultiple stacked layers: a trans-
parent and conducting bottom electrode, mainly ITO or FTO, i s covered by an electron blocking
PEDOT:PSS layer. On top of this the photoactive layer, in our case a heterojunction based on
two conducting polymers, is spin-coated and �nally a thin al uminum layer as the top-electrode
is evaporated on top of the device. In order to improve the ele ctronic characteristics we focus
on the in�uence of the water solvable PEDOT:PSS layer. Our idea is to tune the surface of the
electron-blocking layer in order to improve the light absor ption by internal re�ection.
In �g. 3.10 it can be seen that by spin-coating of a polymer laye r on top of the pre-structured
PEDOT:PSS layer a wavy �lm topography can be achieved. This �lm is covered by an alu-
minum layer, which acts as a diffuse light re�ector for the pen etrating light and hence allows a
even thinner design of the organic solar cell. Also the increa sed electrode surface area results in
better characteristics of the device.

Figure 3.11:
Absorption spectra of an unstructured (sample (a), dotted l ine),
a structured by CD ((b), solid), and by DVD ((c), dashed) PE-
DOT:PSS layer.

The channel structure is achieved by a wet imprinting routine . Therefore the ITO substrate
is covered with PEDOT:PPS-H2O-solution and the imprinting master is pressed on the wet
substrate with a de�ned force. After an overall drying time of 24h the master is removed and
the inverted master structure remains on the substrate. As a m aster the channel structure of a
CD and a DVD is used after removing their encapsulating layer mechanically.



A NNUAL REPORT 2009 PHYSIK -DEPARTMENT E13 55

The absorption spectra of an unstructured (sample (a)), a structured by CD (sample (b)), and by
DVD (sample (c)) PEDOT:PSS layer is measured using an UV/Vis set-up (�g. 3.11).

Figure 3.12:
Atomic force microscopy image of sample (b) coated with phot oactive polymer blend �lm
and corresponding pro�le cut showing the wavy surface topol ogy.

The unstructured sample (a) shows no absorption peak whereas the structured samples (b)
and (c) have prominent absorption maxima, which are as well d ependent on the size of the
imprinted structures. From sample (c) with a channel size of dcd = 0 :7�m and a periodicity
of pcd = 2 :5�m the peak is shifted to shorter wavelengths for smaller struc ture sizes as seen
for the DVD imprint ( ddvd = 350nm and pdvd = 900nm). It was already shown by N.Bonod
et. al. that for lamellar metallic gratings it is possible to achieve full light absorption even
independently of the incident polarization [2]. The reason f or the light absorption of metallic
gratings is the generation of surface plasmons. As in our case the metal is represented by a
conducting polymer, we can expect similar absorption effec ts.

Figure 3.13:
I-V-curves for organic solar cell based on P3HT:F8BT blend on
plain (dotted line) and structured (solid line) PEDOT:PSS.

For the �nal device a photoactive polymer blend based on P3HT and F8BT was spin-coated on
the channel structure. The expected smooth and wavy surface topology can be nicely seen at
the atomic force microscopy image and its corresponding pro �le cut shown in �g. 3.12. The
I-V-characteristics in �g. 3.13 show a quite promising impro vement of the short circuit current
and the power conversion ef�ciency. But it has to be stated th at the used system is absolutely
not optimized towards its device performance: There are bett er polymer blend systems already
available and the increased PEDOT:PSS �lm thickness, which is due to the wet imprinting, also
in�uences the electronic characteristics.

[1] G. Li, V. Shrotriya, J. Huang, Y. Yao. T. Moriarty, K. Emery , Y. Yang, Nature Materials, Vol. 4, pp.
864-868 (2005)

[2] N. Bonod, G. Tayeb, D. Maystre, S. Enoch, E. Popov, OpticsExpress, Vol. 16, Iss. 20, pp. 15431-15438
(2009)
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3.7 Structured photoactive layers for improved light absor ption in organic photo-
voltaics

H.-Y. Chiang, R. Meier, P. Müller-Buschbaum

Semi-conduction, photoactive polymers are the key for futu re renewable energy conversion ap-
proaches such as organic photovolatics. Despite a still smaller ef�ciency as compared to the con-
ventional solid state photovoltaic devices, the improveme nts are dramatic over the last years.
As a consequence, organic solar cells have already made the jump from basic research to a large
scale commercial product offered by private industrial com panies. This evolution shows the
great potential of the �eld of organic photovoltaics for the future energy production. Mainly it
is due to the advantages in production like �exible design, so lution processability, and cheap
manufacturing cost in comparison to their inorganic compet itor. Instead of costly clean-room
fabrication, the simple roll-to-roll printing was success fully used. Having access to �exible solar
modules will introduce major changes in the global use of pho tovoltaic devices.
However, despite the big achievements in organic photovola tics, still fundamental understand-
ing as well as further improvements in device performance ar e required.

Figure 3.14:
The upper �gure represents an unstructured organic solar ce ll,
whereas the lower one represents an organic solar cell with
an structured photoactive layer. The sketched incoming lig ht
paths highlight the theoretical increased optical path len gth in
the photoactive layer if it is structured.

Fig. 3.14 shows a general sketch of an organic solar cell. It consists of a multilayer stack from
a transparent conducting substrate (ITO), a thin electron b locking layer (PEDOT:PSS), the
photoactive layer, and a thin aluminum layer as the top elect rode. By absorbing photons in the
photoactive layer excitons are generated and separated. Theresulting charges are transported
to the bottom and top electrode producing a current. Our goal is to structure the organic cells by
mechanical imprinting in order to increase the overall ligh t absorption of the thin photoactive
�lms by multiple light scattering and hence to allow an even t hinner and more ef�cient design
of the solar cells. A thinner design is necessary because of the high probability of the generated
excitons to recombine before they can be separated to each electrode. This is due to their short
diffusions lengths of ddif f � 15 � 20nm and it is the main reason for the still comparable low
power conversion ef�ciency of the organic solar cells.

In our study we focus on organic solar cells based on conducti ng polymer blends. First results
have already been achieved for the imprinting of a channel li ke structure using a simple CD
structure as a master. Therefore a thin polymer layer based on F8BT was spin coated on acidic
pre-cleaned silicon substrate. The polymer was solved in tol uene at a concentration of 10g=l.
The imprinting results are strongly dependent on the tempera ture, the applied pressure, and
the time. As it was shown by Cardozo et.al. a good imprint can be r ealized at a pressure of
p = 24000 kPa, a temperature of T = 110 � C, and an imprinting time of t = 15 min for thin
F8BT �lms [1]. In order not to harm the polymer �lm our �rst exp eriments were performed at a
much less pressure of p � 30 kPa only. Fig. 3.15 shows the basic experimental set-up used for
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Figure 3.15:
Sketch of the experimental set-up used in the im-
printing of photoactive polymer �lms.

the imprinting.

The glass transition temperature of F8BT is at Tg = 130 � C and hence can be easily reached
without destroying the CD master made of polycarbonate. Bef ore lifting off the master the
samples are cooled down in order to avoid any defects coming f rom the still soft polymeric
layer. As it can be seen from the optical microscope images in shown in �g. 3.16 the temperature
has a strong in�uence on the imprinting of the F8BT layer. For s ample (a) the temperature
was set to T = 90 � C, for (b) T = 130 � C, and for (c) T = 160 � C. Sample (a) shows due to the
low temperature no channel structure at all. The F8BT �lm was n ot soft enough to allow for
structuring at the applied pressure. By increasing the temp erature above the glass transition
temperature of the photoactive polymer the channel structu re evolves. However, still defects
are present and further optimization is required. At too high temperatures (sample (c)) the CD
master itself is affected and starts to soften. Hence no more channels can be produced by the
used method.

Figure 3.16:
The optical microscope images with a size of 30� m x 23� m show the results after imprinting
at different temperatures. For sample (a) the temperature w as set toT = 90 � C, sample (b)
T = 130 � C, and sample (c) T = 160 � C. The channel structure evolves for temperatures
above the Tg and vanishes for too high temperatures.

The study is still ongoing and future experiments are necessary to improve the area of the struc-
ture transfer and to investigate the in�uence of the temperat ure and the pressure on the imprint
quality in more detail. Therefore also atomic force microsco py images are necessary. Finally
complete devices have to be characterized concerning light absorption and re�ection and their
in�uence on the overall performance of the electrical charac teristics.

[1] M. Salerno, G. Gigli, M. Zavelani-Rossi, S. Perissinotto, G. Lanzani, Appl. Phys. Lett., Vol. 90, Iss.
111110 (2007)

[2] H. Kim, M. Shin, Y. Kim, J. Phys. Chem C, Vol. 113, pp. 1620-1623 (2009)
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4 Polymer-hybrid systems
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4.1 Controlling the morphology of thin titania �lms for appl ications in hybrid
inorganic-organic solar cells

M. Rawolle, P. Lellig 1, M. Memesa1, J. S. Gutmann1;2, P. Müller-Buschbaum

1 Max-Planck-Institut f ür Polymerforschung, Mainz, Germany
2 Johannes Gutenberg-University, Mainz, Germany

Nanostructured thin �lms of titania have a variety of applic ations because of their physical
properties, for example in catalysis or photovoltaics. For applications in photovoltaics a large
surface area is desirable as the separation of charge only can take place at the interface between
titania and the hole-conducting material, which can consis t of a hole-conducting polymer or a
dye in combination with an electrolyte as in the case of the Gr aetzel cell.[1] To trap as much light
within the cell as possible a large absorption coef�cient is desirable. A sponge structure with a
pore size of a few tens of nanometers combined with pores with a larger diameter is a promising
morphology for titania to meet these demands.

Figure 4.1:
GISAXS measurements of calcined titania �lms prepared with d ifferent mixing speeds: a)
2-dimensional scattering image for one sample. b) Out-of pl ane cuts at the position of the
titania Yoneda peak for 9 different samples. c) Detector cut s in the region of the Yoneda
peaks for the 9 different samples: a clear splitting between the Yoneda peaks of the silicon
substrate and the titania can be observed. The cuts in b) and c) are shifted along the y-axis
for illustrative purposes.

Therefore, we focus on the preparation of titania thin �lms wi th such a morphology spread
out over surfaces with an area of a few square-centimeters. Block copolymers can be used in a
`good-poor solvent pair' induced phase separation process coupled with sol-gel chemistry to
create structured titania �lms in a reproducible way. We use the amphiphilic diblock copolymer
Poly(dimethyl siloxane)-block-methyl methacrylate poly (ethylene oxide) [PDMS-b- MA(PEO)]
as templating agent.[2] The polymer is �rst dissolved in Tetra hydrofuran and 2-Propanol, which
are good solvents for both the hydrophobic and the hydrophil ic part of the copolymer. After
complete dissolution hydrochloric acid (HCl) and titanium tetraisopropoxide (TTIP) are added
in a well-de�ned way. HCl and TTIP are on the one hand the source f or the sol-gel process, on
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the other hand they act as poor solvents for the hydrophobic p art and therefore induce the phase
separation which leads to the nanostructures in the �lm. Cha nging the mixing speed of the same
weight fractions of all the components results in small chan ges in the morphology of the �lm
which is prepared via spin-coating on pre-cleaned silicon s ubstrates. In a �nal step the �lms are
calcined at high temperatures either in air or in a nitrogen a tmosphere. The amorphous titania
should be converted to the crystalline form of anatase titan ia which is a semiconductor with a
band gap in the ultraviolet. By calcination in air the polyme r which determines the structure
of the titania is combusted. In an atmosphere of inert gas the PDMS-block is converted into a
ceramic of silica oxy-carbide (SiOC), which has a high dielectric constant and could be of use as
blocking layer in a solar cell. The in�uence of the calcination temperature on the morphology
and the crystallinity of the titania �lms is also under inves tigation.
Information on the morphology in the volume of the �lm is gain ed from grazing incidence small
angle X-ray scattering (GISAXS) at the HASYLAB beamline BW4 at DESY, Hamburg. Figure 4.1
shows results of the GISAXS measurements. The measurements are done with spin-coated ti-
tania �lms prepared with different mixing speeds. We observ e no change in the size of the
small pores in the sponge structure, as can be seen from the unchanged structure peak in 4.1 b),
marked with an arrow. The structure peak corresponds to a stru cture of about 25nm. Structure
information on the larger pores is hidden in the resolution o f the setup with a sample-to-detector
distance of about 2m. As can be seen from the detector cuts around the titania Yoneda peak in
4.1 c) the position of the titania Yoneda changes with the mixi ng speed. This change in posi-
tion corresponds to a change in mass density and therefore a change in the overall porosity of
the �lm. The same can be seen in the corresponding SEM measurements of the surface of the
samples. SEM pictures of two different samples which corres pond to the lowermost and the
topmost cuts in 4.1 b) and c) respectively are shown in �gure 4.2 . Figures 4.2 b) and d) show
that the size of the small pores in the sponge structure stays constant. In contrast the amount of
large pores increases (see �gure 4.2 a) and c)).

Figure 4.2:
SEM pictures of the sponge struc-
ture of titania: Sub�gures a) and b)
show images of the sample corre-
sponding to the lowermost GISAXS
cuts in �gure 4.1, the SEM pictures of
the sample corresponding to the top-
most GISAXS cuts in 4.1 are shown
in sub�gure c) and d).

In addition the in�uence of different calcination temperatu res was investigated regarding the
morphology as well as the �lling of the pores with grazing inc idence small angle neutron scat-
tering (GISANS) at the beamline KWS2 of the Juelich research center at FRM2, Munich.

[1] B. O'Regan, M. Grätzel, Nature 353, 737 (1991)

[2] G. Kaune et al., ACS Appl. Mater. Interfaces 1.12, 2862-2869 (2009)



62 PHYSIK -DEPARTMENT E13 ANNUAL REPORT 2009

4.2 Hierarchically structured TiO 2 �lms prepared by polymer/colloidal templating

G. Kaune, M. Memesa1, S. V. Roth2, J. S. Gutmann1, P. Müller-Buschbaum
1 Max-Planck-Institut f ür Polymerforschung, Mainz, Germany
2 HASYLAB at DESY, Hamburg, Germany

Structuring of titanium dioxide (TiO 2) thin �lms has attracted enormous interest in the past few
years, since nanostructured TiO2 shows outstanding properties and has widespread applica-
tion potential e.g. in photovoltaics, catalysis and self-cl eaning surfaces. Of particular interest is
the introduction of hierarchical structures, where differ ent structural levels provide a divided
functionality of the �lm. In photovoltaic applications, a h ierarchical pore structure promises
improved power conversion characteristics: a mesopore structure is required for separation of
the bound charge carriers generated by the trapped light, a m acropore superstructure provides
transport channels for the in�ltration of the hole conducti ng material [1], and a structure on
micrometer scale reduces surface re�ection and improves lig ht absorption [2].
A functional hierarchical structure was introduced in TiO 2 thin �lms by combining a sol-
gel process with a diblock copolymer as structure directing agent and microsphere templat-
ing. Poly(dimethyl siloxane)- block-methyl methacrylat(ethylene oxide) (PDMS- b-MA(PEO))
was used as structure directing agent in the sol-gel process and poly(methyl methacrylate)
(PMMA) microspheres with a diameter of 1 � m acted as template for the micrometer-scale struc-
ture. For �lm preparation the PMMA microspheres were added t o the sol-gel solution and the
solution subsequently spin coated. The obtained nanocomposite �lms were either treated with
actetic acid or calcined to remove the templating polymers a nd to bare the porous TiO 2 network.

Figure 4.3:
SEM images of an untreated nanocomposite �lm (p), a calcined �lm (c), an acetic acid treated
�lm (s) and an acetic acid treated and calcined �lm (s + c). In th e images with low magni�ca-
tion the arrangement of the macropores and the micrometer-s ized holes is visible, the images
with high magni�cation show a detailed view of the macropore and mesopore structure.

Figure 4.3 shows a comparison of the structures installed in t he TiO2 �lms together with the
structure of an untreated nanocomposite �lm. Independentl y from the polymer extraction
method a well-pronounced hierarchical pore structure is pr esent in the �lms: (1) ordered meso-
pores arranged by the PDMS-b-MA(PEO) template with a diameter of 30 to 40 nm, (2) macrop-
ores resulting from a phase separation process during spin coating with a size of about 200 nm,
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and (3) surface depressions with a diameter of 1 � m left from the removed PMMA microspheres.
In the calcined �lm, the macropores have a nearly circular sh ape and are separated from each
other, whereas in the acetic acid treated �lm the pore shape i s irregular with eroded edges. The
size of the mesopores is signi�cantly larger than the pore si ze usually achieved in mesoporous
materials (� 10nm, [3]) and thus opens the possibility for application of ho le conducting mate-
rials with large molecular dimensions, e.g. conductive poly mers with a high molecular weight.

Figure 4.4:
a) 2D GISAXS images and horizontal cuts taken at the position of the lateral maximum of the
untreated nanocomposite �lm and the TiO 2 �lms. Solid lines are �ts to the data to extract
the preferred structural lengths � 1 and � 2. b) Variation of � 1 (open circles) and � 2 (full
squares) with preparation method. The size of the mesopores is increased in the calcined
�lm compared to the acetic acid treated �lms.

The pore structure was further investigated with grazing inc idence small-angle X-ray scattering
(GISAXS). Figure 4.4 shows the measured scattering data together with the characteristic pore
dimensions extracted from �ts to the data. In the calcined �l m the size of the mesopores is larger
than in the acetic acid treated �lm, indicating that calcina tion yields a higher �lm porosity than
acetic acid treatment. This is corroborated by an analysis of the Yoneda peak positions: whereas
the peak positions in the acetic acid and acetic acid treated and subsequently calcined �lms cor-
respond to porosities of 72 % and 75 %, respectively, the porosity of the calcined �lm is 84 %.
The data also show that calcination after acetic acid treatment does not further modify the pore
size. In consequence, direct calcination is the preferableextraction method for preparation of
�lms with large mesopores and a high porosity as they are requ ired in hybid solar cells [4].
In summary, TiO 2 thin �lms were successfully structured on three different l ength scales. The
application of this hierarchically structured �lms in a sol ar cell promises an increased ef�ciency
compared to �lms consisting only of a mesopore structure due to the additional functionality
provided by the macropores and the microstructure.

[1] Y. Zhao, J. Zhai, S. Tan, L. Wang, L. Jiang, D. Zhu, Nanotechnology 17, 2090 (2006).

[2] A. Usami, Chem. Phys. Lett. 277, 105 (1997).

[3] G. J. A. A. Soler-Illia, E. L. Crepaldi, D. Grosso, C. Sanchez, Curr. Opin. Colloid Interface Sci. 8, 109
(2003).

[4] G. Kaune, M. Memesa, R. Meier, M. A. Ruderer, A. Diethert, S. V. Roth, M. D'Acunzi, J. S. Gutmann,
P. Müller-Buschbaum, ACS Appl. Mater. Interfaces 1, 2862 (2009).
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4.3 Layer-by-layer fabrication of hierarchical structure s in sol-gel templated thin
titania �lms

J. Perlich, M. Memesa1, J. S. Gutmann1;2, P. Müller-Buschbaum

1 Max-Planck-Institut f ür Polymerforschung, Mainz, Germany
2 Johannes Gutenberg University, Mainz, Germany

Nanostructured titania thin �lms have gained great popular ity in a variety of applications such
as coatings, photocatalysis, gas sensing, and photovoltaics. For most of these applications a de-
�ned morphology of the titania nanostructures is crucial fo r the functionality and signi�cantly
in�uences the performance. The morphology determines the vol ume-to-surface ratio and hence
the surface available for interfacial reactions. In order t o increase the surface area by an in-
crease of the total �lm thickness or to fabricate asymmetric �lms with multilayers of different
structure sizes, layer-by-layer depositions via dip-coat ing are commonly applied. This yields
an arrangement of a gradual multilayer ensemble consisting of individual layers with distinct
morphologies.

Figure 4.5:
Schematic represen-
tation of the multi-
layer approach (left).
FESEM images with
different magni�ca-
tions after the �nal
process in top view
(right). The scale bar
has a length of 1 � m.

The presented investigation focuses on the preparation of hi erarchical structures in an itera-
tive layer-by-layer spin-coating approach as schematical ly presented in Fig. 4.5 [1]. The �rst
layer of titania nanostructures with distinct size is prepa red on top of the solid support. We use
polystyrene-block-polyethyleneoxide (P(S-b-EO)) as the structure directing agent that is com-
bined with a so-called good-poor solvent-pair-induced pha se separation coupled with sol-gel
chemistry. By adjusting the preparation conditions, a seco nd layer yielding particles with de-
creased size is deposited on top of the preceding layer, hence resulting basically in a single layer
of two superimposing hierarchical morphologies. Finally, particles with an again increased size
are deposited. The entire ensemble of particles forms a system of hierarchical structures.
The structural investigation was performed with scanning el ectron microscopy (SEM) and com-
plemented by grazing incidence small angle X-ray scatterin g (GISAXS). The surface sensitive
GISAXS measurements were performed at the synchrotron beamline BW4 at HASYLAB using
a moderate micro-focussed X-ray beam [2]. The �nal result of t he preparation is imaged with
FESEM. Fig. 4.5 shows the resulting titania morphology after the �nal preparation step. Titania
granules of different size ranges are clearly identi�ed. The overview image con�rms a homo-
geneous spreading of the tailored structure. Further magni �cation reveals that the uppermost
granules cover large amounts of small nanogranules (< 100 nm) and very large granules (up to
1 � m). The highest magni�cation also shows, that the large granu les exhibit a nanostructured
surface with structure sizes < 10 nm. Hence several intrinsic structural level exists.
With GISAXS the nanogranules are addressed. Fig. 4.6a shows the 2D scattering patterns after
the preparation steps I, II and III. The scattering pattern of step I shows a narrow intensity dis-
tribution in horizontal direction, thus a high contributio n of scattered intensity with small qy .
Consequently, the characteristic lateral length scale � of the titania granules in the thin �lm is
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large. Following the scheme of Fig. 4.5, step II introduces much smaller nanogranules to the
system and therefore, scattered intensity is expected at larger qy . This can be clearly observed in
the scattering pattern of step II by a broadening of the horiz ontal intensity distribution. Finally,
introducing some granules in the mid-size range with prepar ation step III, the corresponding
2d scattering pattern indicates an increase of the scattering intensity in the mid-range qy . This
agrees nicely with the observed morphology in Fig. 4.5. For th e quantitative analysis, line cuts
in the horizontal direction from the 2D patterns are display ed in Fig. 4.6b. The cuts were per-
formed at the critical angle of anatase titania. Characteri stic lateral length scales � of the titania
were modelled with form factors of the granules. A Lorentzia n size distribution of � was as-
sumed to account for statistical deviations from the mean si ze of the granules [3]. In the �t the
experimentally determined resolution function was taken i nto account.

Figure 4.6:
(a) Composite image comprising GISAXS pat-
terns after step I, II and III and (b) the cor-
responding horizontal line cuts from the 2D
GISAXS intensity. The curves are shifted along
the y-axis for clarity. The solid lines are �ts to
the data. The dashed line indicates the reso-
lution limit. The two characteristic structural
levels are marked with A and B.

After preparation step I, in addition to the unresolved micro meter size granules, a single most
prominent characteristic lateral length A of 360 nm is extra cted. The characteristic lateral length
A corresponds to the mean granule size. The addition of much sm aller granules in step II results
in a second characteristic length B of approximately 90 nm. Th e characteristic length A remains
unchanged. Finally, after again adding unresolved larger o bjects in step III, the characteristic
length A and B both stay unchanged (indicated by the arrows in Fig. 4.6b). The extracted lengths
�t nicely to the structural dimension observed with the FESE M images and prove that with
additional spin-coating steps titania objects of desired s ize can be added without altering the
size of the initially deposited ones.
In summary, the applied layer-by-layer spin-coating appro ach of sol-gel templated titania struc-
tures allows for a fabrication of hierarchical structures w ith multiple structural levels. GISAXS
provides the information, that the once prepared structura l levels are preserved throughout the
complete three step process. Therefore subsequent calcination induces no morphological tran-
sition of the preceding structures. The results emphasize on the usage of such an approach on
the superposition of even completely different morphologi es, whereas tailoring is supplied by
the selected sol-gel synthesis.

[1] J. Perlich, M. Memesa, A. Diethert, E. Metwalli, W. Wang, S. V. Roth, A. Timmann, J. S. Gutmann,
P. Müller-Buschbaum, Phys. Status Solidi RRL 3(4), 118 (2009)

[2] S. V. Roth, R. Döhrmann, M. Dommach, M. Kuhlmann, I. Kr öger, R. Gehrke, H. Walter, C. Schroer,
B. Lengeler, P. Müller-Buschbaum, Rev. Sci. Instr. 77, 085106 (2006)

[3] P. Müller-Buschbaum, Anal. Bioanal. Chem. 3, 3 (2003)
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4.4 Custom tailored titania nanostructures for applicatio n in hybrid photovoltaic
systems

M. A. Niedermeier, P. M üller-Buschbaum

Titania thin �lm are commonly used in photovoltaics within d ye-sensitized solar cells. These
cells are typically composed of a transparent conducting ox ide (TCO) on a glass substrate which
serves as the front electrode and also as substrate for the porous titania �lm. The titania �lm is
covered with a monolayer of dye (e.g. Ruthenium-complexes) w hich is followed by either an
electrolyte containing I � and I �

3 or more recently by p-type conductive polymers. The setup is
terminated with a back electrode which can be for example pla tinum or gold.
The distinctive feature of this solar cell is the porous titan ia �lm. Since the absorption coef�-
cient of the dye is too small, a monomolecular layer is not abl e to absorb suf�cient sunlight.
By using a porous instead of a bulk �lm the effective surface i s increased by several orders of
magnitude. This increase is directly transferred to the abso rption of sunlight by the dye. Along
this route, by tailoring an optimized morphology the overal l ef�ciency of the solar cell can be
largely increased.
By combining spin coating with the use of a sol gel processes we have a powerful tool to manu-
facture tailored nanostructured titania thin �lms. A diblo ck copolymer serves as a structure
directing template to obtain nanocomposite �lms which are c alcinated to obtain crystalline
nanostructured titania thin �lms. The structuring of the dib lock copolymer is achieved with
a so-called good-poor solvent pair induced phase separation process. In his work, Cheng et al
showed that by adjusting the weight fractions of the compone nts a large variety of titania struc-
tures can be reproducibly fabricated [1]. This is very bene�c ial in a technological as well as a
practical way as the same experimental setup is suf�cient to produce all the different structures.
We used two commercially available (Polymer Source Inc) dib lock copolymers poly(styrene-
block-ethylene oxide) (PS-b-PEO) with molecular masses of 25400 g/mol and 21000 g/mol, re-
spectively. The respective molecular weights of the polysty rene and polyethylene oxide blocks
were PS: 19000 g/mol, PEO: 6400 g/mol and PS: 16000 g/mol, PEO: 5000 g/mol. 1,4 Dioxan
was used as good solvent for both polymer blocks and 37% HCl wa s used as bad solvent for the
PS block. Titanium tetraisopropoxide (TTIP) was used as the sol gel precursor. From here on
the two diblock copolymers will be referred to as PS-b-PEO-( 25400) and PS-b-PEO-(21000).
Cheng used the PS-b-PEO-(25400) for his researches and his ternary phase diagram. The in�u-
ence on the morphology of the new polymer's slightly differen t molecular weight and different
weight ratios of the two blocks have been investigated with � eld emission scanning electron
microscopy (FESEM) measurements.

sol gel process wdioxan wHCl wT T IP

I 0.92 0.04 0.04
II 0.935 0.015 0.05

Table: Weight fractions of the sol gel components.

The table shows the weight fractions for the sol gel processes I and II. Figure 4.7 shows two
FESEM pictures from sol gel process I using PS-b-PEO-(25400) (a) and PS-b-PEO-(21000) (b). It
can clearly be seen that the two different polymers don't prod uce the same structures despite
the same weight fractions having been used. The PS-b-PEO-(25400) produces granulas ranging
averagely from sizes of about 1 � m to sizes down to 200 nm.
Additionally nanowires and nanowire aggregates with widths of less than 50 nm and lengths
of several 100 nm ranging up more than 1 � m can be distinguished. The PS-b-PEO-(21000) also
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Figure 4.7:
FESEM images of the structures obtained after sol gel process I using (a) the PS-b-PEO-
(25400) and (b) the PS-b-PEO-(21000) in top view. The scale bar in each image corresponds
to a length of 500 nm.

shows granulas with sizes of similar range. However, the nan owire and nanowire aggregates
can not be found. Instead small granulas and agglomerated gr anulas with sizes less than 50 nm
are found all over the sample, covering partially the large g ranulas as well as the whole space
in between.

Figure 4.8:
FESEM images of the structures obtained after sol gel process II using (a) the PS-b-PEO-
(25400) and (b) the PS-b-PEO-(21000) in top view. The scale bar in each image corresponds
to a length of 500 nm.

Figure 4.8 shows two FESEM pictures from sol gel process II using the (a) PS-b-PEO-(25400)
and (b) the PS-b-PEO-(21000). Again a signi�cant difference in the structure can be seen. The
sol gel process using the PS-b-PEO-(25400) resulted in a densely packed nanodoughnut-shaped
structure with diameters ranging from 1 � m to less than 50 nm. Mreover, the nanodoughnuts
are stacked on top of each other. The nanodoughnut structure i s only rarely found on the sample
with the PS-b-PEO-(21000). Here, the prominent structure are nanogranulas which range from
1 � m down to 200 nm. It is also observable that those granulas are less densely packed. Just like
observed in �gure 4.7 (b) again very small nanogranulas mixed with occasional nanodoughnuts
(¡ 50 nm) can be found. However, less agglomeration of the small nanogranulas/-dougnuts is
observed at the sol gel process II.
Only from those �rst experiments we can conclude that even a s light change in polymer weight
as well as a change in the weight fractions of the two blocks seriously affects the morphology
of the obtained nanostructures. This pictures the sensitivi ty of the sol-gel rout to the used ex-
perimental conditions and put serious constraints to the re producible use of block copolymers
a structure directing agents.

[1] Y. Cheng, J. S. Gutmann, J. AM. CHEM. SOC.128, 4658-4674 (2006)
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4.5 Controlled embedding of semiconducting nanoparticles in a conducting poly-
mer template

M. A. Ruderer, P. M üller-Buschbaum

Conjugated polymers have shown to be interesting candidate s for organic photovoltaics due to
their high absorption coef�cient, mechanical �exibility, e asy processibility and low cost. Fur-
thermore the possibility to tune the properties of these pol ymers makes a broad application
feasible. Nevertheless there are stringent constraints in the morphology of the active layer due
to the short exciton diffusion length (in the order of 10 nm), i.e. charge carrier separation has
to occur in this length scale. Due to the improved charge carr ier separation at interfaces a two
component system is required. The main approach is the blendi ng of two conjugated polymers.
But while polymer blends tend to form structure sizes in the r ange of hundred nanometers [1],
one promising approach are conjugated block copolymers whi ch generate nanostructures in the
desired range due to micro-phase separation. Besides usingan all polymer system for photo-
voltaic applications so called hybrid systems combine prop erties of both, organic and inorganic
systems. In such systems the structured inorganic component is typically used as a template for
the organic component, e.g. a conjugated polymer.[2] Our appr oach uses a diblock copolymer
with a rod like conjugated part and a coil like standard block as the template to control the em-
bedding of inorganic nanoparticles.[3]
As a template thin �lms made of the rod-coil like diblock copol ymer poly(p-phenylene-b-
styrene) (P(PP-b-S)) are used whereas the rod like part is the conducting one. In equilibrium
rod-coil like polymers form so called supramolecular struc tures due to micro-phase separation
with a typical length scale in the order of 10 nm. Depending on the block ratio lamella, hexag-
onal etc. structures are formed. The thin �lms are prepared vi a spin coating from polymer
solution which forms smooth �lms but in a non-equilibrium st ate. To reach equilibrium a sub-
sequent annealing step, such as thermal or solvent treatments, is required. Besides annealing
also the solvent has shown in�uence on the resulting structur e (Fig. 4.9). In the case of toluene
micelles of 19 nm diameters are already found in solution and transferred to the substrate. The
micelles consist of a core containing the phenylene part coated with a styrene shell. Even the
subsequent thermal annealing has no in�uence on the micellar structure.[4] If THF is used as the
solvent homogenous �lms are created. While thermal anneali ng generates a perforated surface,
solvent annealing results in a smooth one. The inner structur e of the smooth P(PP-b-S) �lms

Figure 4.9:
AFM images of P(PP-b-S) �lms prepared via spin coating from t oluene (a) and THF (b,c)
with subsequent thermal (a) or solvent (b,c) annealing. The color code is adjusted for each
image separately.

made from THF with a following solvent treatment step where in vestigated with grazing inci-
dence small angle X-ray scattering (GISAXS). Fig. 4.10 shows the 2d-scattering data (a) and the
corresponding simulation with IsGISAXS (b). For the simulat ion a model consisting of cylinders
of PPP embedded in a homogenous �lm of PS was used. The cylinder s have a diameter of 10
nm and a height of 79 nm. For the distribution of the cylinders a one dimensional paracrystal
with a mean distance of 16 nm was applied. That means that a nanostructured �lms of conduct-
ing cylinders in a amorphous styrene environment with a leng th scale which are favorable for
photovoltaic applications were created.
As the second component titania nanoparticles with a catecho l functionalization were embed-
ded in the P(PP-b-S) �lms. Therefore the nanoparticles are di ssolved in THF and mixed with
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Figure 4.10:
a) 2d-scattering data of the GISAXS measurement of a P(PP-b-S) �lm made from THF with
subsequent solvent treatment. b) The corresponding IsGISAXSsimulation. For both images
the same color code was used. c) Out-of-plane cuts of P(PP-b-S) �lms with embedded titania
nanoparticles. The nanoparticle ratio is increasing form b ottom (0 %) to top (20 %). The
black arrow highlights the structure factor of the block cop olymer and the red arrow marks
the form factor of the embedded nanoparticles.

the polymer solution in different ratios up to 20 %. The result ing �lms were investigated with
GISAXS. To extract lateral length scales from the 2d scattering pattern horizontal cuts, so called
out-of-plane cuts, are carried out (Fig. 4.10c). The pure block copolymer �lm shows one fea-
ture (black arrow) which corresponds to a length scale of 16 n m and describes the distance be-
tween the cylinders as described above. With increasing nanoparticle ratio this feature gets less
pronounced which means a decreasing contrast between the two polymers. Consequently, the
titania nanoparticle balance the refractive index of the tw o polymers. As titania has an higher
refractive index than both polymers the nanoparticles embe d preferentially in the phase of the
polymer with the lower refractive index, polystyrene in thi s case. Furthermore, with increasing
nanoparticle content the marked structure factor shifts sl ightly to smaller q y positions which
means to higher length scales. Due to embedding of nanoparti cles the polystyrene phase is
swollen and the distance of the PPP cylinders is increasing. The second evolving feature in the
out of plane cut (red arrow) corresponds to the form factor of the spherical nanoparticles.[5]
In summary, homogeneous thin �lms of the conducting block co polymer P(PP-b-S) were pre-
pared via spin coating. Micro-phase separation investigat ed with GISAXS was obtained by a
solvent treatment step. The resulting length scale of 16 nm is favorable for photovoltaic appli-
cations. In a further step it was shown that titania nanopart icles preferentially embed in the
polystyrene phase and therefore in the non-conducting part of the polymer. Consequently a
conducting system with two separated conducting component s was created.

[1] M. A. Ruderer et al., ChemPhysChem 10, 664 (2009)

[2] J. Perlich et al., Phil.Trans.R.Soc. A367, 1783 (2009)

[3] M. M. Abul Kashem et al., Macromolecules 41, 2186 (2008)

[4] M. Al-Hussein et al., Macromolecules 42, 4230 (2009)

[5] M. A. Ruderer et al., manuscript in preparation.
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4.6 Possibility of magnetoelastic effects in magnetic nano particle diblock-
copolymer nanostructures

L. Schulz1, A. Omran, W. Schirmacher2, B. Russ3, S. Vallopilly 4, P. Böni3, W. Petry, P.
Müller-Buschbaum

1 Universit é de Fribourg, Fribourg, Switzerland
2 also at Institut f ür Physik, Universit ät Mainz, Germany
3 TU M üchen, Phys.-Dept. E21, Garching, Germany
4 LENS, Indiana University Cyclotron Facility, Bloomington, IN, USA

Magnetic properties of nanoparticle systems are of great in terest because, �rstly, they form
model systems for understanding the mechanism of disordere d magnetism and, secondly, they
have wide technological applications ranging from data sto rage including high-frequency loss-
free switching over medical applications to the creation of new materials.
The magnetization as a function of an applied �eld of thin comp osite �lms, consisting
of polystyrene-coated 
 -Fe2O3 (maghemite) nanoparticles embedded into polystyrene-blo ck-
polyisoprene (PS-b-I) copolymer �lms have been measured The magnetization data show typ-
ical features of anisotropic super-paramagnets including a hysteresis at low temperatures and
blocking phenomena. However, the data cannot be reconciled with the unmodi�ed Stoner-
Wohlfarth-Neel theory. Applying an appropriate generaliza tion �nd evidence for either an elas-
tic torque being exerted on the nanoparticles by the �eld or a broad distribution of anisotropy
constants.
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Figure 4.11:
Left: Calculated hysteresis curves for different elastici ty parameters. Red dashes:
 = K=3G
=0 (Stoner-Wohlfarth theory), green lines (inwards) 
 = 0.5, 1.0, 1.5, 2.0. Symbols: measured
data of the 45 % sample atT = 2 K.
Right: Low-temperature curves for anisotropy spread compa red to the elastic torque model
and experimental data at 2 K

The left part of Fig. 4.11 shows the data at 2 K together with theo retical curves assuming in
addition to a nonvanishing magnetoelastic anisotropy K and random orientation the existence
of an elastic twist due to a torque exerted by the �eld. The cont rol parameter is the ratio 
 =
K=3G of the anisotropy and the shear modulus G, ranging between 0 and 2. One could take the
good agreement with the data for 
 � 1 as evidence for the presence of the elastic mechanism.
As the bulk value for the magnetocrystalline anisotopy of mag hemite is K = 4 :7 � 103 Jm� 3

we see that we are dealing with values of a shear modulus G of the order of kPa. This is an
extremely low value in comparison with typical shear moduli of macroscopic elastic materials.
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Figure 4.12:
Left: Measured hysteresis curves at several temperatures.Insert: measured remanence (sym-
bols) vs. theory (line).
Right: Calculated curves at the same temperatures. Insert: measured coercivity (symbols)
vs. theory (line).

However, as the nanoparticles are loosely packed inside the PS pockets, and because the shear
stiffness of our �lms is at the borderline of yielding, we con sider such a value to be still realistic.
However, we also found an alternative approach for explaini ng the low-temperature magne-
tization behavior. It is based on including a spread in the an isotropy constant K that could
possibly arise from shape and surface effects. We make an ansatz with a normal distribution,
characterized by an average valueK 0 and a witdth � K . We �nd that the low-temperature mag-
netization curve can be also reproduced (with � K = 0 :4K 0) and the resulting curve agrees to the
one obtained in the elastic torque model (Right part of Fig. 4 .11)
The temperature dependence in the torque model was calculated by ackowledging the poly-
dispersity of the particles measured by the out-of phase AC su sceptibility. We obtained a log-
normal distribution with relative width of 0.8. For each temp erature particles larger than the
blocking volume VB = 25kB T=K , are blocked and are assumed to act in the same way as at
low temperatures. the ”mobile” particles with V > VB are treated by standard equilibrium
thermodynamics.
In order to obtain the correct switching behavior for decrea sing h < 0, we realized that the
activation barrier is lowered by a reversed �eld. In the two p arts of Fig. 4.12 we compare
the calculated �nite-temperature magnetization curves wi th our measured ones between 2K
and 100K. We see that we obtain rather good agreement. A striking feature is that the slope
near H = 0 , which from a naive point of view should obey a Curie law, beco mes temperature
independent as a combined result of the polydispersivity an d the elastic effect.
Fig. 4.12 also shows a comparison of the measured remanence and the calculated one as a
function of temperature obtained by evaluating the magneti zation of blocked particles at h = 0 .
The theoretical coercivity values could only be extracted fr om numerical calculations and agree
well with the experimental data (Fig. 4.12).
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4.7 Direct polymer grafting on carbon nanotubes by means of S IPGP

A. A. Golosova 1, S. S. Funari2, P. Lindner3, R. Jordan1;4, C. M. Papdakis
1 TU M ünchen, Department Chemie, Garching, Germany
2 HASYLAB at DESY, Hamburg, Germany
3 ILL, Grenoble, France
4 TU Dresden, Department Chemie, Dresden, Germany

The aim of the project is to develop novel nanocomposites of bl ock copolymers and functional-
ized carbon nanotubes (CNTs). A well-known problem when exp loiting CNTs as active �llers in
polymer matrix, is their poor dispersion ability and compat ibility. Due to the effective van der
Waals attraction, CNTs form large clusters and agglomerates, which behave differently from in-
dividual CNTs [1]. Chemical modi�cation of CNTs is an elegan t way to tune their surface prop-
erties and to improve the dispersion ability [2]. Moreover, grafting the polymers to the CNTs'
framework proved to be more attractive compared to the modi� cation with small molecules or
chemical groups, since long polymer chains can help to unbun dle the CNTs and to prevent their
subsequent self-agglomeration.
To form stable polymer grafts from vinyl monomers, we use sel f-initiated photografting and
photopolymerization (SIPGP) [3], which, to our knowledge, has not been reported yet for the
modi�cation of CNTs (Fig. 4.13). The easy and non-destructive procedure is found to be suc-
cessful for the functionalization of single- (SW) and multi -walled (MW) CNTs with polystyrene
(PS) (SWPS, MWPS) and poly(4-vinylpyridine).

Figure 4.13:
Modi�cation of CNTs with polystyrene grafts

Using Raman spectroscopy, after the modi�cation we found a hi gh conversion of sp2-hybridized
carbons into sp3 state, which can be estimated by the increase of intensity of the disorder mode
(D-band) relative to the G-band which is due to the graphitic structure (Fig. 4.14). This means
the polymers are covalently bound to the CNT framework and no t just physically adsorbed.
The longer the polymerization time, the higher the grafting d ensity and length of the polymer
grafts, which is con�rmed by Raman spectroscopy and thermo- gravimetric analysis (Fig. 4.14,
Table 1).

Figure 4.14:
Raman spectroscopy of the SW CNTs: native (dots),
modi�ed with PS after 1 day of polymerization
(dashed line) and 3 days of polymerization (solid
line)

Atomic force microscopy (AFM) was used as a method of the morpho logical analysis of the
native and modi�ed CNTs, drop-cast onto mica from dilute sus pensions of the CNTs in toluene.
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Table 1: Thermo-gravimetric weight loss (%) of the CNTs modi� ed with PS
1 day polym. 3 days polym.

SWPS 9 15
MWPS 16 30

Figure 4.15:
AFM images of MW CNTs: native (a) and
modi�ed with PS after 1 day of polymeriza-
tion (b) (c)

We observe an ef�cient deagglomeration of the CNTs after the modi�cation, while their length
is preserved, which means that the modi�cation procedure is ef�cient and does not destroy the
CNTs (Fig. 4.15).
SANS experiments were performed at D11 at ILL in order to study the effect of modi�cation
on the dimensions and aggregation behavior of the CNTs in sol utions. Using different solvents,
like deuterated toluene (d-toluene) on the one hand and low m olecular weight polystyrene or
a mixture of deuterated and protonated toluene on the other h and, we could highlight the PS
shell or the CNTs themselves, respectively. The scattering intensity I (q) of the CNTs dispersed
in PS exhibits a power law exponent between � 2 and � 3 over a broad q range independent
of the level of functionalization of the CNTs (Fig. 4.16a). Thu s, the dominant structures in the
suspension of CNTs in PS are clusters of the nanotubes. Unbundling is not possible because of
the high viscosity of PS. In contrast, a power law with a slope � 1 is observed in the scattering
curves from the modi�ed CNTs dispersed in d-toluene (Fig. 4.1 6b,c), which is characteristic of
rods. Though cluster formation in the d-toluene is still obse rved, CNTs (or small clusters of
them) can be considered to be �exible on large scales (which is con�rmed by the AFM images)
and stiff on short length scales.
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Figure 4.16:SANS on native and modi�ed CNTs dispersed in PS (a) and d-tolu ene (b,c)
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4.8 Real time GISAXS investigation of cobalt metal depositio n onto a polymer tem-
plate

E. Metwalli, V. K örstgens, K. Schlage1, S. Couet1, G. Kaune, R. Meier, S.V. Roth1, R.
Röhlsberger1, and P. Müller-Buschbaum

1 HASYLAB at DESY, Hamburg, Germany

Magnetic nanoparticles in an insulating matrix, such as a po lymer matrix, have recently at-
tracted tremendous interest due to the unique physical and c hemical properties of the nano-
sized metal/polymer composites. A good control over the siz e, shape and spacing between
nanostructured metal dispersed in a 3D polymer �lm matrix af ford an opportunity to tune and
optimize the magnetic response of the surface in a magnetic � eld. Many routes are used to fab-
ricate magnetic metal polymer composites. Physical sputtering of cobalt (Co) atoms and plasma
polymerization of a hydrocarbon monomer have been previous ly used to fabricate a uniform
dispersion of metallic Co in a hydrocarbon �lm [1]. In the pre sent report we used the sputter-
ing technique [2, 3] to investigate the deposition of Co meta l onto the cylindrical morphology
of a polystyrene-block-polyethyleneoxide P(S-b-EO) dibl ock copolymer thin �lm. Utilizing a
portable DC magnetron sputtering deposition system mounte d at the beamline, grazing inci-
dence small-angle X-ray scattering (GISAXS) is employed to investigate the in situ real time
formation and growth of Co nanostructures on the polymer �lm . The GISAXS measurements
were carried out at beamline BW4 of DORIS III storage ring [4, 5] at HASYLAB (DESY, Ham-
burg). The sample inside the sputtering chamber was placed ho rizontally (xy plane) and at an
incidence angle � i =0.5� by tilting the whole sputtering chamber with respect to the i ncidence
X-ray beam using a goniometer. The incidence angle is well above the critical angle of both, the
polymer �lm and the substrate ( � c(P S) = 0.154� , � c(P EO ) = 0.161� , � c(Si ) = 0.22� ). Therefore, the
Yoneda peaks of both materials and the specular peak are well separated on the 2D detector.
The GISAXS 2D images were collect on a noise-free high resolution Pilatus-100k detector. The
detector allows high time-resolution of 1 second. In 30 min w e have collected 1800 images of the
metal/polymer composite while Co is deposited on the polyme r �lm in a real time mode. Due
to limited dimension (487 � 195 pixels) of the Pilatus detector two identical measurements are
performed to cover the full scattering image, in the �rst mea surement the detector longer axis
(195 pixel) is aligned parallel the sample surface (qy direction) and in the second measurement
the detector is rotated by 90� to orient the long detector axis in the q z direction. The 2D GISAXS
images (one second time scans) are shown in Fig. 4.17. The 2D image (Fig. 4.17a of the Co-free
thin P(S-b-EO) copolymer �lm shows two intensity maxima (wh ite arrow), on both sides of the
specular beam stop, that originate from the interference of the PS-domains intercalated between
two cylindrical crystalline PEO domains. This interference effect arises because the PS domains
are separated by a preferential nearest neighbors (center-to-center) distance, D of 31 nm. The 2D
intensity images of the Co metal/polymer composites are sho wn in Fig. 4.17b-r. As the amount
of deposited Co increases (up to 200 s deposition time), the intensity of prominent rod scattering
peak and an additional second order peak at 2q � appears in the scattering images (Fig. 4.17b-c).
The latter rod scattering peaks gradually grow in intensity a long the qz axis (Fig. 4.17b-c). No
additional characteristic scattering peaks are observed for the Co particles on the qy direction.
These results prove an extreme selectivity of the Co atoms on the PS domains as indicated by
the increase of the scattering intensity of the characteristic polymer structural peaks.
With increasing the amount of Co at deposition time larger th an 200 second, a broad diffuse
scattering grows outwards (Fig. 4.171d-r) at the plane of inc idence (at qy=0). The continuous
broad scattering in the 2d images indicates a non-speci�c de position of the Co on the polymer
�lm. A transition from selective to non-selective Co deposi tion starts at deposition time of about
200 s. Co atoms are non-speci�cally grows on the polymer temp late and due to high X-ray
scattering cross section of the Co atom, an increase of a broad diffuse scattering that merge
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Figure 4.17:
Composite image showing 2D GISAXS
scattering patterns of (a) microphase-
separated P(S-b-EO) copolymer thin
�lm, (b-r) after 1800 repetitions of
one-second deposition at a rate of 0.4
nm/min of Co onto the polymer �lm.
An image every 100 s Co deposition
time is shown. A specular beamstop is
used to shield the high intensity spec-
ular re�ection peak. The white arrows
indicate the rod scattering intensity
maxima along the qy direction. Note
that the sample is placed upside down
due to the sputtering chamber geom-
etry. The composite image (b-r) every
100 s deposition time shows the devel-
opment of a second order rod scatter-
ing peak and an enhanced intensity of
the rod scattering pattern. Unspeci�c
broad diffuse scattering starts to de-
velop outwards from the X-ray plane
of incidence at deposition time of 300s
(image d) and indicates an initial con-
tinuous metal layer formation

into the characteristic rod peaks indicates the formation o f a pseudo monolayer of Co metal on
the polymer �lm. The same experiment is again repeated but the Pilatus detector was rotated
by 90� so that a larger area of the detector is along the qz direction. From the second set of
images (not shown) an initial modulation peak along q z appears after 500 s and indicates the
formation of a continuous uniform Co layer. With increasing the deposition time, the number of
modulation peaks along the q z increases while the spacing distance decreases with growing the
Co uniform �lm thickness. As a conclusion, the in situ real tim e GISAXS investigation is critical
for understanding how the arrangements of Co metal correlat es with the structure of copolymer
domains within the �lm and opens new possibilities for the in vestigation of metal-polymer
interactions. Our results indicate that Co atoms are deposi ted in registry with the polymer
morphology up to a critical concentration. Upon further incr ease of the Co concentration, the
deposition is not any more speci�c to the PS domains and inste ad a continuous metal layer is
formed.

[1] C. Laurent, D. Mauri, E. Kay et al., J Appl Phys 65, 2017 (1989)
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5 Biopolymers
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5.1 Pico- to nanosecond dynamics in phospholipid membranes
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Emulsi�ers are of big importance in everyday life, whenever mixtures of oil and water have to
be stabilized. One example from food industry is the emulsi� er soy bean lecithin which one
can �nd in every chocolate. It keeps the cacao oil from separa ting from the rest, keeping the
chocolate homogeneously brown. Whilst this is more of cosme tic importance, there are also use
cases where the emulsi�er is important for the function – suc h as in parenteral nutrition.
The importance of emulsi�ers in pharmaceutical application s is growing rapidly. The majority
of newly synthesized drugs is not water soluble. Therefore, t he well-known pharmaceutical
forms as intravenous injections cannot be applied without b ig harm to the patient. One of the
most promising ways to make these substances available to medicine is to prepare them as
emulsions or suspensions, consisting of tiny lipophilic pa rts surrounded by the emulsi�er in
water.
Emulsions contain a liquid oil phase. They are easily produce d but have the disadvantage to
release the incorporated drug on a short time scale. This issue can be overcome by using sus-
pensions which contain a solid oil phase, retaining the drug better. In order to mix the drug
with the oily support medium, one produces an emulsion at ele vated temperatures which is
then cooled below the temperature where the nanoparticles c rystallize and become solid.
This step is critical because the surface of the particles increases suddenly and is not completely
covered by the emulsi�er any more. During this stage, the par ticles can aggregate and form
gels – which is not acceptable for a medical application. It s eems natural that the mobility of the
emulsi�er is connected to its ability to quickly cover the pa rticles again.
One of the most promising candidates for emulsi�ers are phos pholipid membranes. In fact, they
are not only interesting from this application point of view but also because they are one of the
most fundamental constituents of cells, building up the cel l wall. The cell wall has to be both,
solid and liquid at the same time – a barrier for nutrients and poisonous substances, allowing
simultaneously the motion and interaction of membrane-bou nd proteins.
The molecular motion of phospholipids had in fact been a puzzl e already for a long time: the
motions seen with macroscopic techniques such as �uorescence microscopy were up to a factor
100 slower than the ones one had observed with microscopic techniques as neutron scattering.
This means that there must be a transition from the fast to the s low motion between the two
observed time scales.
The image of this transition which had been accepted for a long time was the one of a fast motion
of the phospholipid molecule between its neighbours, trapp ed in a “cage” of those. On longer
time (and length) scales, one would observe a different moti on, namely the one caused by some
rare escape events of the molecule from this cage. As this would not happen often, the resulting
motion would be slower.
This view was challenged recently, when molecular dynamics ( MD) simulations of such large
systems became feasible for longer times. In these simulations, the escape from the cage of
neighbours was not observed. Instead, the molecules seemedto perform collective motions in
rapidly assembling and disassembling patches, exhibiting a �ow-like behaviour on short time
scales.
We have therefore studied the dynamics of the stabilizing ph ospholipid DMPC with and with-
out a variety of additives using quasielastic neutron scatt ering. This has been done with much
improved instrumentation compared to the original works on the time-of-�ight neutron spec-
trometer TOFTOF at the FRM II.
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Quasielastic neutron scattering employs a neutron beam wit h a well-de�ned energy. The sam-
ple is then interacting with the neutrons, changing both, di rection and velocity of the neutron
during this interaction. If the atoms in the sample do not mov e, they do not exchange energy
with the neutrons – their energy after the interaction is the same as the one before. If the atoms
in the sample are moving, they can give small “kicks” to the ne utrons and vice versa: the en-
ergy distribution of the neutrons after the interaction is b roadened. The width of the energy
distribution is directly connected to the speed of the motio ns in the sample.
One parameter which can be varied between experiments is the interaction time between neu-
tron and sample. A fundamental relation in Quantum Dynamics , Heisenberg's uncertainty prin-
ciple, links this interaction time directly with the precis ion with which the neutron beam was
prepared before the sample: the smaller the energy distribu tion of the neutrons that impinge on
the sample, the longer is their interaction time with the sam ple. It is therefore possible to study
both, short (pico-) and long (nanosecond) timescales by varying the energy distribution of the
neutrons.
The data are compatible with the old measurements – assuming d iffusion as transport mecha-
nism yields a much too fast motion compared to the macroscopi c values. However, assuming a
�ow-like motion, the data can be just as well (or better) descr ibed. The data are therefore com-
pletely compatible with the simulation and suggest that als o the old data sets, if re-evaluated,
would be in agreement with this new view of the long-range mot ion in phospholipid mem-
branes, making the assumption of escaping the cages unnecessary.
This result is not only important for the fundamental underst anding of the diffusion mechanism
in phospholipid membranes. From this point, one can go furth er and study the in�uence of
different co-stabilizers on the dynamics of the phospholip id. We have done so using a variety
of additives – which do not show any in�uence on the dynamics of the membrane. The only
exception has been Cholesterol which strongly reduces the mobility.
A decrease of the mobility after addition of cholesterol has also been observed with other meth-
ods and is thought to be connected to the formation of so-call ed lipid rafts which could host
some groups of proteins which can by this means be grouped int o functional units.

Figure 5.1:
A possible scenario for a crystallizing emulsion stabilize d with phospholipid molecules.
Left: An Emulsion droplet with stabilizing molecules. The d roplet is surrounded by a com-
plete monolayer and some surplus material. Middle: When decr easing the temperature, the
droplet becomes solid and changes its form drastically. The surface increases and is not com-
pletely covered by the stabilizer any more. Right: After som e time, the stabilizing molecules
have re-arranged themselves such that the particle is completely covered again.
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5.2 In�uence of �lm morphology on the swelling of thin casein �lms

E. Metwalli, R. Gebhardt 1, V. Körstgens, R. Cubitt2, U. Kulozik 1, P. Müller-
Buschbaum

1 TU M ünchen, Chair for Food Process Engineering and Dairy Technology, Freising-Weihnstephan,
Germany

2 ILL, Grenoble, France

Casein micelles in milk form unique bio-colloids from calci um, phosphate, and proteins. Due
to their binding ability, casein micelles for non-food appl ications include coatings, adhesives,
paints, textile fabrics and cosmetics. Four main types of pr oteins are involved in the casein
micelle: � 1s-casein (38 %),� 2s-casein (10 %),� -casein (36 %) and� -casein (13%), which form
hydrated casein micelles about 100 nm in size [1]. Various models [2] have been proposed to
describe the casein micelle structure including coat-core, sub-micelle, and the internal struc-
ture. Casein-associated water molecules are divided into d ifferent classes based on the method
used to study the system. In general, for dairy protein syste ms, they are classi�ed [3] as (1)
structural water, i.e., water molecules directly involved in the stabilization of the protein struc-
ture; (2) hydration water, which refers to a monolayer of wat er molecules that is dynamically
oriented and exhibits restricted motion due to a signi�cant decrease in the translational and ro-
tational modes of motion caused by macromolecular-water in teractions; and (3) hydrodynamic
hydration water, which is transported with the protein duri ng diffusion in an aqueous solution.
GISANS technique provides a better way to make detailed inves tigations of the hydration water.
A dry casein �lm format together with the surface sensitive t echnique GISANS is an interesting
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Figure 5.2:
Line cuts along the surface normal (q z cuts) of the GISANS 2d intensity, measured at 30� C
for 1 min up to 60 min swelling time, show a well pronounced Yon eda peak. A shift of the
peak position towards higher q z values is observed for time up to 11 min.

approach to probe the casein protein water hydration when co mpared with solution-based tech-
niques such as SAXS or NMR. Our previous investigation [4] on w ater uptake of native casein
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protein �lms by the time-resolved GISANS indicated that the w ater content reaches an equilib-
rium after about 10 min and the native micelle (100 nm in size) exists in coexistence with smaller
objects, called mini-micelles (15 nm). Such mini-micelles are detectable due to progressive for-
mation of high contrast D 2O outer shell on these small objects. As the temperature of water
vapor treatment increases, an aggregation of the mini-micelles in size up to 180 nm is formed.

Figure 5.3:
(a) Typical 2d GISANS scattering pattern from casein protein �lm. (b) GISANS line-cuts q y

of the 2d intensity measured for different D 2O swelling conditions. The dry sample is shown
for comparison. Pronounced changes are visible in the qy -pro�les.

Within the present work this systematic study has been furth er extended to explore different
casein protein �lm morphologies. Changing the casein �lm mo rphology is achieved by varying
the equilibrated size distributions of the micelles in solu tion using EDTA, then, casein protein is
deposited on solid silicon support by spin coating method. D espite, the Ca2+ ions are removed
by EDTA the casein protein is chemically similar to native on e, but, the internal structure is dif-
ferent. In-situ GISANS was employed to investigate the struc ture of Ca-free casein �lms as a
function of D 2O uptake at different temperatures. The one minute GISANS scans indicated an
equilibrated structure is again achieved after < 10 min (see Fig. 5.2). Preliminary data analysis
indicates that the small objects (15-20 nm) in the Ca-free casein protein �lm are clearly discrim-
inated at qy = 0.26 nm� 1 (see Fig. 5.3) with much less number of the large micelles (> 100 nm).
Upon water uptake at higher temperatures possible aggregati on of the so called mini-micelles
in water-vapor is indicated by an increase of the overall the intensity at low q y values. Both data
on native and Ca-free casein protein �lm are complementary a nd will be used to draw a clear
picture of the role of water hydration layer in coexistence a nd aggregation of both the large and
mini- casein micelles.

[1] J.E. Kinsella, Crc Cr Rev Food Sci,21, 197 (1984)

[2] C. Phadungath, J. Songklanakarin, J Sci Technol27, 201 (2005)

[3] A. Anagnostopouloukonsta, P. Pissis, J Phys D Appl Phys, 20, 1168 (1987)

[4] E. Metwalli, J.-F. Moulin, R. Gebhardt, A. Tolkach, U. Ku lozik, P. M üller-Buschbaum, Langmuir 25,
4124 (2009).
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5.3 Structural changes of casein micelles in rennin gradien t �lms

R. Gebhardt1, U. Kulozik 1, M. Burghammer 2, C. Riekel2, P. Müller-Buschbaum

1 TU M ünchen, Chair for Food Process Engineering and Dairy Technology, Freising-Weihnstephan,
Germany

2 ESRF, Grenoble, France

We investigated the effect of rennin on the micelle structur e and microstructure of casein �lms
with micro-beam grazing incidence small angle X-ray scatte ring ( � GISAXS) and optical mi-
croscopy. The main enzyme of the rennin extract, the protease chymosine, splits the polypeptide
chain of � -casein, which induces coagulation of the casein micelles. In order to investigate the
enzymatic reaction we followed two approaches.
First, we prepared a casein �lm consisting of casein micelle s and a superimposed rennin gradi-
ent. The concentration of rennin within the gradient varied b y four orders of magnitude. Using
micro-beam grazing incidence small angle X-ray scattering we determined the sizes of casein
micelles and colloidal calcium phosphate particles as a fun ction of rennin concentration within
the gradient �lm.

Figure 5.4:
Mean sizes D for casein micelles (dots), the smaller casein component (rectangles) and col-
loidal calcium phosphate particles at varying rennin conce ntration; �gure taken from [1].

We showed that the size of the casein micelles decreases withincreasing rennin concentration
while the size of the colloidal calcium phosphate clusters r emains constant. In accordance
with a �rst-order enzyme reaction mechanism, we could descr ibe the rennin-induced decay
of the micellar sizes by an exponential function. In additio n, we observed two distinct �lm
morphologies at high and low rennin concentration using opt ical microscopy. At intermediate
rennin concentration we found a two-phase surface structur e in which both �lm morphologies
coexisted.
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Second, we performed a � GISAXS scan to investigate changes on the multi-level structure of
casein micelles that occur after deposition of a droplet of r ennin on a casein �lm. We found that
the diffusion of the droplet into the �lm led to an increased s urface roughness and a formation
of islands due to the concentration gradient of rennin. We co uld quantify the concentration
pro�le of rennin due to the diffusion process since the alter ed surface morphology resulted
in a signi�cant variation of the GISAXS pattern, more precise ly in the occurrence of a second
Yoneda peak. This second Yoneda peak showed a strong dependence and a compensatory
effect with respect to the original one. Thus, we could determ ine a diffusion constant D for
rennin in a casein �lm by evaluating the variation of the Yone da peak intensity as a function of
the diffusion distance at the observation time t.

Compared to the untreated �lm, no change in mean size of the mi celle components (casein
micelles, substructure and colloidal calcium phosphate) c ould be detected within the rennin
droplet area. In contrast, a broadening of their correspond ing size distributions became evident.

Figure 5.5:
Calculated size distributions for casein micelles (mean size 120 nm), for the casein micelle
substructure (mean size: 12 nm) and for colloidal calcium ph osphate particles (mean size: 1
nm) measure in the untreated (solid line) and rennin treated �lm area (dashed line); �gure
taken from [2].

The experimental results can be explained assuming that only surface near casein micelles be-
come solvated and enzymatic treated after rennin droplet de position. The remaining casein
micelles kept their native structure and size within the cas ein �lm.

[1] R. Gebhardt, S. V. Roth, M. Burghammer, C. Riekel, A. Tolkach, U. Kulozik, P. M üller-Buschbaum,
International Dairy Journal 20, 203 (2010)

[2] R. Gebhardt, M. Burghammer, C. Riekel, U. Kulozik, P. M üller-Buschbaum, Dairy Sci. Technol. 90,
75-86 (2010)
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6 Alloys
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6.1 Phonon properties of Ni-Mn-Ga shape memory alloys in mar tensite and austen-
ite phases

S. Ener, J. Neuhaus, K. Hradil 1, R. Mole, P. Link, W. Petry
1 Georg-August-Universit ät Göttingen, Institut f ür Physikalische Chemie, Göttingen, Germany

Shape memory alloys exhibit a shape recovery of a given sample after mechanical deformation
by cycling through a structural phase transition. In magnet ic shape memory (MSM) materials
it is possible to obtain a shape memory effect by applying an e xternal magnetic �eld instead
of changing the temperature. These smart materials are suited for technical applications like
actuators as they can achieve fast shape changes. Elongations up to 10% even at frequencies up
to several kHz were observed in an off-stoichiometric Ni 2MnGa Heusler alloy [1].
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Figure 6.1:
Phonon dispersion of Ni 49Mn 32Ga19

of the high temperature austenite
L21 phase. The scatters are the ex-
perimental values, the solid lines
represents calculations with a BvK
model (work in progress).

We investigated the vibrational properties of Ni-Mn-Ga all oys with two different compositions.
Small changes in composition allow to adapt the crystallogr aphic and magnetic phase tran-
sition temperatures for future technical applications. To understand the physical origins of
the phase transitions we investigated the phonon dispersio n of the high temperature austenite
as well as the low temperature martensite (5-layer modulate d) phase for an off-stoichiometric
Ni 49Mn 32Ga19 alloy. The temperature dependence of the phonon modes of the TA2 branch were
also investigated in a stoichiometric Ni 2MnGa sample. The phonon measurements were carried
out on the three axes spectrometers PUMA (thermal neutrons) and PANDA (cold neutrons) at
the FRM II.
Fig. 6.1 shows the dispersion of the high temperature L2 1 phase at 373 K. The phonon mea-
surements were taken along the high symmetry directions [ ��� ], [ � 00] and [�� 0]. The most
striking feature in the austenite phase is the anomalous pho non softening in the TA 2 phonon
branch near � =0.3. Fig.6.2 shows the temperature dependence of the modes near this anomaly.
For the stoichiometric sample a change in the anomalous softening occurs near the Curie tem-
perature. Below the structural transition temperature (au stenite to pre-martensite 3M phase)
the phonon frequencies are increasing again (Fig.6.2a). The correspondence of the Curie and
structural phase transition temperature to the change of th e phonon behaviour, however, is not
precise. For the off-stoichiometric sample the behaviour l ooks similar (Fig.6.2b), but the change
in the dynamical behaviour does not at all follow the magneti c transition as it has been reported
in literature for similar alloys [2].
The off-stoichiometric Ni 49Mn 32Ga19 alloy transforms to an orthorhombic 5-layer modulated
martensite phase below the structural transition temperat ure. The high symmetry directions
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Figure 6.2:
Temperature dependence of phonon frequency2 of (a) off-stoichiometric Ni 49Mn 32Ga19 and
(b) stoichiometric Ni 2MnGa at different q values.

[��� ], [00� ], [ � 00], [�� 0] and [0�� ] were measured with the instrument PUMA at room tempera-
ture (Fig.6.3a). No particular softening in the TA 2[�� 0] phonon branch was observed, the entire
branch stiffens on cooling. Compared to the austenite phase additional low energy excitations
of the modulated structure appeared (Fig.6.3b). At very high fr equencies another optical branch
showed up which has not been observed in the austenite phase. Further analysis will provide
thermodynamical properties like vibrational entropy and c omparison to known [3] and ongoing
�rst principle calculations.

Figure 6.3:
(a) Phonon dispersion of Ni 49Mn 32Ga19 in the 5M structure at room temperature. The solid
lines are for eye guide. (b) Iso-intensity plot of the low ener gy excitations.

[1] A. Sozinov et al.Appl. Phys. Letters 80, 1746 (2002)

[2] U. Stuhr et al.Phys. Rev. B56, 14360 (1997)

[3] P. Entel et al.J.Phys.D: Appl. Phys. 39865 (2006)
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6.2 Irradiation induced creep and growth of zirconium-base d alloys for PWR guide
tubes

R. M. Hengstler

Zirconium-based alloys have been used as nuclear power reactor core internals for decades,
due to their low thermal neutron cross section, their mechan ical stability and low chemical
interaction that minimizes corrosion and hydrogen uptake w ith subsequent material embrit-
tlement. Pressurized water reactor (”PWR”) guide tubes mad e of zirconium-based alloys as a
polycrystal with anisotropic hcp lattice structure show cr eep and growth under neutron irra-
diation. These dimensional changes result in length changes of the fuel assemblies as a whole
that are acceptable in certain limits but should be minimize d. The microstructural processes in
the material during neutron irradiation depend on various p arameters like internal and external
stress, temperature, neutron �ux and dose and are currently n ot suf�ciently understood. Fur-
ther investigation of the microstructural material change s by neutron irradiation could improve
the behavior prediction for new fuel assembly designs where operational experience is lacking,
e.g. for EPR. Since in-pile experiments in PWR environments need a long period of time, are
very cost extensive and limit the number of specimens, ion ir radiation as a method for neutron
damage simulation in guide tube materials is being studied i n the context of a PhD thesis in
cooperation with AREVA NP GmbH, Erlangen. The specimens are no t necessarily activated by
ion irradiation which could provide a very cost effective me thod for the study of irradiation-
induced creep and growth.
It has been reported by several authors that, under certain experimental conditions, ion irradi-
ation can be used to create the same irradiation damage as neutrons [1]. In Zr-based alloys, the
expected damaged microstructure contains vacancy and interstitial loops of speci�c size and
density distributions and lattice orientation. These struc tures can be directly observed by trans-
mission electron microscopy (”TEM”) and indirectly by mater ial analysis techniques that are
sensitive towards lattice defects, such as positron spectroscopy or X-ray microbeam diffraction.
Thus, as a �rst step towards a parameter study of Zr-based allo ys under ion irradiation, ion
irradiation under different experimental conditions with subsequent post irradiation examina-
tion was conducted in 2009 to �nd the best experimental param eters for the neutron damage
simulation.
Several ion accelerator beamtimes have been conducted at the MLL tandem accelerator and the
tandem accelerator of the Max-Planck-Institute for Plasma physics with irradiation temperature
and dose corresponding to typical PWR environments. Zr-90 w as used as projectile to avoid
chemical interaction between projectile and target.
As compared to neutrons, ion irradiation leads to an inhomoge neous damage pro�le in the
target with a damage peak of about 1 � m thickness in a depth of several � m at the used experi-
mental conditions. That geometry requires special preparat ion techniques to cut a TEM lamella
with a typical thickness of 50 nm out of the damage peak region . Standard focussed ion beam
cutting can be used to reach the damage peak region but leads to heavy irradiation damage by
the beam; that damage has been minimized by adjustments of beam current and ion energy and
tests with subsequent ion milling. The heating of the TEM sampl es under the electron beam
during examination at certain conditions favors the format ion of a zirconium oxide layer on the
lamella's surface. These artefacts have to be avoided to ensure that the microctructure examined
under the TEM is the structure created by the ion irradiation a nd not in�uenced or altered by
the preparation techniques. Therefore, several alternative mechanical or chemical preparation
methods are being tested at the moment.
A �rst indirect microstructural analysis of Zr-alloy speci mens irradiated to low ion �uences of
5�1013 cm� 2 to 1�1014cm � 2 at room temperature has been conducted by positron Doppler s pec-
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troscopy at the FRM II's NEPOMUC facility. The analysis shows a g ood distinction between
unirradiated and irradiated regions and gives a clear depth dependence of the s-parameter, a
measure for the defect density, as predicted by theory and si mulation calculations by the TRIM
Monte Carlo code [2]. The s-parameter in the irradiated area i s more than 5% higher than in the
unirradiated region (see �gure below).
Further and more detailed damage analysis by positron spect roscopy is planned for 2010, as
well as X-ray microbeam analysis and extended TEM investigat ions.

Figure 6.4: Depth dependence of the defect density in Zr-irradiated Zry

[1] G. S. Was,Fundamentals of Radiation Material Science(2007)

[2] J. F. Ziegler,www.srim.org(2010)
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7 Methodological and instrumental developments
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7.1 In situ characterization of polymer nanostructures wit h a new developed com-
bination of GISAXS and imaging ellipsometry

V. Körstgens, J. Wiedersich, R. Meier, J. Perlich1, S.V. Roth1, R. Gehrke1, P. Müller-
Buschbaum

1 HASYLAB at DESY, Hamburg, Germany

In a new method we expand the possibilities of the surface sen sitive scattering method grazing
incidence small angle x-ray scattering (GISAXS), by the integration of imaging ellipsometry [1].
GISAXS allows the investigation of nanostructures with high statistical relevance, and probes
not only surface structures but also buried structures. As bo th methods, imaging ellipsometry
and GISAXS, offer the opportunity for in-situ measurements, the full advantage of the combi-
nation of GISAXS and imaging ellipsometry arises for kinetic studies where the in�uence of
external parameters like temperature, gas pressure, pH or ion concentration on the morphology
is followed. Correspondingly, processes can be investigated simultaneously with the two inde-
pendent methods GISAXS and imaging ellipsometry.

Figure 7.1:
Ellipsometer installation at GISAXS beamline BW4 with accent uation of some functional
parts pictured.

The imaging ellipsometer SPEM, a single wavelength (532 nm) instrument, of Nano�lm Tech-
nologie GmbH, was installed at the beamline BW4 at HASYLAB (DES Y, Hamburg) as shown
in �gure 7.1. The concept of the combined instrument is that the sample is placed horizontally
(xy plane) on the alignment stage of the ellipsometer. After e llipsometric alignment and
measurement with a lateral resolution of 1 � m the desired incidence angle for the x-ray beam
is set by tilting the whole ellipsometer including the laser arm and the detector arm using a
2-circle segment. The orientation of the sample with respect to the laser beam is not affected by
this procedure. In the performed experiment, the sample-to -detector distance was set to 2.089
m and a beamsize of 24� m x 42 � m focused on the sample position was used. Most of the x-ray
�ight path was covered with evacuated �ight tubes except for th e sample position to freely
move the imaging ellipsometer. Once the sample was aligned correctly on the ellipsometer,
ellipsometric measurements were possible, independent of any operational x-ray scattering
experiment. The changing of the angle of incidence of the x-ray beam has no in�uence on the
ellipsometer measurements since the ellipsometer is moved always as a whole in the x-ray
beam. A singular calibration of the instrument is necessary to ensure that the laser beam and
the x-ray beam cross each other at one known point on the sample surface. That means one
has to match the central position in the �eld of view of the ell ipsometer when the sample
surface is in focus with the position where the x-ray beam hit s the surface. For a �rst coarse
adjustment thin �lms of polymer material especially sensit ive to x-ray radiation damage turned
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out to be very suitable because it was possible to directly fo llow the foot print of the x-ray
beam in the ellipsometer images during any movements. In a se cond step a higher precision
in the calibration procedure was achieved with the use of lit hographic channel structures. Due
to the channel structures it was possible to correct for smal l deviations in the y-position and
to precisely align the 90� angle arrangement between x-ray and laser beam installed. In the
GISAXS experiment the scattering patterns are strongly in�ue nced if the x-ray beam does not
hit the lithographic channel structure in parallel. An align ment precision of better than 0.01�

was achieved.

Figure 7.2:
In situ experiment of a drying droplet of nanosphere dispersi on a) optical images recorded
with ellipsometer b) 2D GISAXS pattern with starting time of d ata acquisition, < 0 denotes
the substrate before droplet deposition.

One investigated example application is the ordering of pol ystyrene nanospheres. The drying
of a drop of monodisperse polystyrene nanosphere dispersio n on a rough substrate is followed
in situ. The rough substrate is established by dewetting of a t hin �lm of a diblock copolymer.
The height of individual islands of the dewetted structure wa s determined as 120� 30 nm with
imaging ellipsometry. In �gure 7.2a the images of the substra te before droplet deposition ( < 0
s) and at various times after droplet deposition captured wi th the ellipsometer are shown. The
corresponding 2d scattering patterns are shown in �gure 7.2b denoted with the time when data
acquisition was started. With droplet deposition the surfa ce of the drop is vaguely pictured on
the optical image and the corresponding scattering intensi ty is very low in comparison to the
substrate before droplet deposition. Due to the distinct cu rvature of the droplet in the �rst 1000
s of the drying process a grazing incidence condition is not f ul�lled for the x-ray beam hitting
the surface of the drop. Only weak intensity is displayed on t he detector because the large
droplet volume absorbs strongly the transmitting x-ray bea m. With further evaporation of the
dispersant water the thinning of the liquid layer with dispe rsed nanospheres can be followed
by the appearance of Fizeau fringes in the images taken with t he ellipsometer (�gure 7.2a; 1320
s). The corresponding scattering pattern shows an increasing intensity close to the direct beam.
With further thinning the layer is translucent and the islan d structure of the substrate is visible
on the images taken with the ellipsometer (�gure 7.2a; 1650 s) . The ordering of nanospheres
is evident not before 1980 s, when the scattering pattern evolves (�gure 7.2a: 1980 s). The
experiment shows that only after solvent evaporation the ty pical scattering pattern with a SAXS
signal superimposed by the GISAXS signal does built up.

This work has been �nancially supported by the BMBF (grant 05KS 7WO1).

[1] V. K örstgens, J. Wiedersich, R. Meier, J. Perlich, S.V. Roth, R.Gehrke, P. Müller-Buschbaum, Anal.
Bioanal. Chem. 396, 139-149 (2010)
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7.2 Selected activities of the HEU-MEU group at FRM II in 2009

H. Breitkreutz, R. Jungwirth, W. Schmid, S. Dirndorfer, W. P etry

In 2009, the HEU-MEU group at FRM II continued its activities t o develop a new fuel for FRM II,
on the theoretical as well as on the experimental side. In the following, an overview of the major
activities of the group is given.

7.2.1 Heavy ion irradiation of several kinds of UMo/Al samples (R . Jungwirth)

Disperse UMo/Al is a candidate for the new fuel of FRM II. Up to now , this fuel suffers
from strong irradiation induced diffusion processes durin g in-pile irradiation. Si seems to
suppress the formation of the undesired interdiffusion lay er (IDL) forming during in-pile
irradiation of UMo/Al dispersion test fuel plates. It has been found that adding Si to the
Al matrix of this fuel results in the formation of a Si-rich dif fusion layer (SiRDL) covering
the UMo particles. This layer obviously forms during the produ ction process before irradia-
tion. It is therefore of great interest to �nd the minimal Si c ontent that has to be added to the
Al matrix to obtain a suf�ciently thick and homogeneous Si-ri ch layer coating the UMo particles.

We examined three different UMo/Al,Si miniplates with an Al matr ix containing 2wt% Si
(alloyed AlSi powder) as well as 5wt% and 7wt% Si (Al+Si blended powder). These samples
had been produced by conventional hot rolling by AREVA-CERCA. A Si rich layer has formed
around each UMo particle in the 5wt% and 7wt% Si case. In contra st, no Si rich layer has been
found in the 2wt%Si case (compare Fig. 7.3).

Figure 7.3:
Comparison between Si repartition in three mini plates UMo7 /Al(Si7) (A-), UMo7/Al(Si5)
(B-) and UMo7/Al(Si2) (C-).

Further more we examined the development of the IDL formed th rough a heavy ion irradiation
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test which took place at the MLL tandem accelerator in Garchi ng/Germany.

It has been found that the SiRDL is attacked by the radiation i nduced diffusion layer. The SiRDL
does therefore not by itself protect the UMo particle from the growth of an IDL during heavy
ion irradiation since the SiRDL is dissolved inside the IDL ( compare Fig. 7.4). The degree of
decomposition is dose-dependent. When the SiRDL has been completely dissolved, a normal
UMo/Al diffusion occurs in case there is no Si particle nearby. In case that a Si particle is in close
contact to UMo, the resulting IDL is Si rich. Furthermore, the thickness of the IDL is signi�cantly
reduced in case that the UMo particle and the Si particle are in contact.

Figure 7.4:
IDL (red arrow) growth around UMo particles protected by a SiR DL into two steps. Details
of the transversal cross section of the heavy ion irradiated part of the UMo/AlSi7 miniplate.
An IDL has formed according to the penetration depth of the hea vy ions. A SiRDL is visible
around the UMo particle (green arrows). A-The two UMo partic les located at the sample
surfaces are surrounded by �rst a SiRDL and then an IDL. Area ta ken at the periphery of
the irradiated zone i.e. where the �nal �uency is lower. B: In th e upper part of UMo particle
embedded in the Al matrix, the SiRDL has been dissolved by the IDL formed during heavy
ion irradiation. The IDL is directly in contact with the UMo pa rticle core. C: A standard
UMo/Al interaction occurs and the shape of the UMo particle i ndicates clearly that UMo
has been consumed in the interaction.

7.2.2 Sputtering of monolithic UMo folis (W. Schmid)

The fuel development group is investigating DC magnetron spu ttering as an alternative
technique for UMo fuel plate production. We want to use sputte ring for the two steps necessary
to produce reactor fuel plates from UMo, which is the manufact uring full size monolithic UMo
fuel foils on the one side as well as surrounding UMo fuel foils with diffusion preventive layers
and cladding layers on the other side.

The sputtering process offers two advantages in comparison t o the existing thermo-mechanical
fuel processing techniques: First, sputtering allows to gr ow perfect layers from any desired
material on any substrate in any size. This means, that monoli thic full size foils and blank
sheets from any given UMo alloy can be produced in one single pr ocessing step and that a
given UMo foil produced by sputtering or another processing t echnique can be surrounded
with a layer of any other material in just one further step, be it as a diffusion preventive
barrier or as a cladding. Thus sputtering develops fuel plate production from the existing
very extensive, error-prone and multi-step processes to a simple two-step process. Second,
sputter-deposited layers offer the advantage to have a very good, in the optimal case even
the maximum physically possible adhesion to each other if th e process is prepared properly.
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Therefore material combinations can be realized that cannot be produced with conventional
techniques as welding. This means, that the bonding of sputte r deposited fuel, diffusion barrier
and cladding layers to each other does not occur as a possible production problem at all, as
sputtering automatically guarantees a good adhesion.

Figure 7.5: Schematic view of the tabletop sputtering device.

On laboratory scale the sputtering technique provides the o pportunity to quickly produce
a large number of tailored high quality samples for experime nts or even a small number of
tailored high quality full-size fuel plates for irradiatio n tests and further examinations. This
is the primary aim of our efforts. The applicability of sputte ring to industrial scale fuel plate
production seems promising but certainly needs further dev elopment and is not examined by
our group.

Over the last two years we built up two DC magnetron sputterin g assemblies: a small tabletop
setup for the production of samples with a size up to 100 mm x 10 0 mm as well as a full-size
plant for the fabrication of plates sized 700 mm x 65 mm, which is a common dimension for a
large test plate. Both assemblies have successfully been operated in the past with surrogate
materials and the processes of full size foil production as w ell as cladding respectively barrier
layer deposition have successfully been shown.

In mid 2009 the operation of the tabletop setup was changed fr om the test phase with sur-
rogate materials to the standard operational phase with UMo. A large number of mono-
and multilayered samples from DU-8wt.%Mo (DU: depleted uraniu m) and other materials
have been produced since then: samples of 10 mm x 10 mm size andseveral micrometers
thickness for irradiation tests and microscopy, samples of 25 mm x 25 mm size and 10-20
micrometers thickness for tensile and shearing tests as well as samples of 100 mm x 100 mm
in size and one to 150 micrometers thickness for manufacturi ng, irradiation and thermal
annealing tests. Most of the samples were produced for the fu el development group at FRM
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Figure 7.6:
The full-size sputtering plant mounted in a glove box was ins talled in a radioisotope labora-
tory.

II, but we also provided samples for SCK-CEN (Belgium), TRIUMF ( Canada) and CEA (France).

Examinations of the produced samples show, that sputtered D U-8wt.%Mo is in the desired
tetragonal 
 -phase after the sputtering process, and the composition of the material does
not change during the sputtering process within the errors o f measurement. Both questions
are crucial for the utilization of sputtering as fuel proces sing technique and will be further
investigated by more precise measurements.

In 2008 and 2009 the full-size sputtering plant was mounted i nside a glove box to enable an
operation under inert atmosphere. The glove box guarantees, that the quantity of present oxy-
gen and water during the production of foils, barrier layers or cladding and even during han-
dling of the material is always below 1 ppm, which results in a nearly complete elimination
of oxidation and oxide layer formation in all process steps. The glove box with the full-size
plant was installed in a radioisotope laboratory in 2009 and received the approval for operation
with radioactive materials by the Technical Supervisory Ass ociation (TÜV) and the Bayerisches
Staatsministerium f ür Umwelt und Gesundheit in November 2009. The standard operat ional
phase started in December 2009. First plate production is expected in the �rst quarter of 2010.

7.2.3 Tensile tests on monolithic samples (S. Dirndorfer)

Another possible candidate for the new fuel is the monolithic form of UMo, again with 8
wt.% molybdenum. As new techniques are necessary to fabricate this fuel, the bond strength
of the monolithic fuel plates to the cladding and / or the diff usion barrier is an aspect of
worldwide studies and to date relatively unknown. The bond st rength is considered to be a
plausible indicator for the quality of the mechanical conta ct. At FRM II monolithic specimens
are produced by technique of sputtering. To get more informa tion about bond strength of
sputtered fuel plates, sputtered specimens have been subjected to tensile test which were
executed according to ASTM C633 designation as far as possible.

Using tensile tests the bond strength of the following materi al combinations have been exam-
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ined: U-Mo / cladding, U-Mo / diffusion barrier and diffusion b arrier / cladding.

Double layer foils, consisting of uranium-molybdenum allo y with 8 wt.% Mo (DU-8Mo) as fuel
surrogate, AlFeNi or Al 6061 as cladding and Ti, Bi, Zr or Zry-4 a s diffusion barrier material
have been used. They have been produced by sputtering or hot ro lling. Beforehand the
behaviour of the bonding agent used to mount the specimens on to the specimen holders has
also been examined. Figure 7.7 shows two bonded specimen holders.

Figure 7.7:
Two bonded specimen holders. In later experiments, the sampl e will be bonded to the spec-
imen holders by the adhesive on both sides.

Preparation of specimen holders was done in the following wa y: A cleaning of the specimen
holders, grit blasting, in-depth cleaning after sandblast ing by using an ultrasonic bath with
acetone are good adjusted processes which delivered a high bond strength of the bonding agent.

Before bonding the two specimen holders that shall be sticke d together, had to be cleaned with
acetone and by using a �uffree cloth. The bonding agent is place d onto the cleaned surface
and dispensed by a spatula. If specimen should be tested it had to be placed onto surface
with bonding agent. The other specimen holder which is also co ated with bonding agent has
been placed onto the �rst one by using a prismatic pair (somet hing like V-blocks to stabilise
specimen holders during tempering process and avoid slippi ng). They also ensure that the
two holders were sticked together without any offset. A vise or an equal �xing tool holds the
prismatic pair together during tempering process.

Tensile tests have been executed with Zwick Roell Z100 a standard machine for tensile testing
(see �gure 7.8).

As bonding agent EP-15 from Masterbond Inc. has been used and it showed a bond strength
of (70.03� 4.96) MPa at optimised parameters. A breakdown of results on d ifferent tempering
parameters is shown in �gure 7.9. The parameters differ only sl ightly, so that the overall value
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Figure 7.8: Tensile testing machine

with error quoted above has been generated for these measurements. The bond strength of this
bonding agent will serve as basis for all later measurements .
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Figure 7.9: Results for bonding agent

7.2.4 Coupled 3D neutronic thermohydraulic calculations (H. Breitkreutz)

With the increasing demand for 3-dimensional results with h igh spatial resolution in nuclear
reactor physics for neutronic as well as for thermohydrauli c calculations, it was necessary to
develop a coupled code system to satisfy these needs also forcompact core research reactors. In
a �rst step, results for the typical fuel plate and its attach ed cooling channel in the core of FRM
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II were regarded.

The objective was to use the latest versions of state-of-the-art codes for neutronics and computa-
tional �uid dynamics (CFD) and combine them in a way that they a utomatically exchange data
and produce highly detailed steady-state solutions for bot h neutronic and thermohydraulic
questions. No changes should be required to the used codes at all, but only additions that
can easily be ported to newer versions of the codes when they become available. Due to
computational limitations on the thermohydraulic side, se parate models had to be set up for
the Monte Carlo (MC) simulation and the CFD calculation. The C FD model takes advantage
from the cylindrical symmetry of the FRM II core and therefor e includes only a small extract
from the MC model. Especially the CFD model was constructed t o include every detail of the
real geometry in order to resemble the �ow as close as possible . By solving the Navier-Stokes
equations, it was possible to resolve yet unknown details of the �ow in the cooling channels of
the compact core.

The neutronic calculations were carried out with the latest v ersion (2.7B) of MCNPX, a widely
used Monte Carlo code. All necessary particles including del ayed gammas were included
in the simulations to get the distribution of the energy depo sition as accurate as possible. A
cylindrical mesh with 13.200 cells was superimposed on the geometry of the core to de�ne
a grid for this. Because of the cylindrical symmetry of the mo del, the distribution could be
assumed to be equal for all 113 plates. Several million particles were simulated to reduce the
statistical error to less than 3% for all of these cells.

Figure 7.10: Induced turbulences after the comb that �xes the fuel plates.

For the thermohydraulic calculations, a model of one fuel pl ate and a cooling channel was
set-up in ANSYS CFX, a commercial 3d-CFD code. A mesh consisting of more than half a
million nodes was used for the subsequent calculations with conjugate heat transfer. A Perl-
and FORTRAN interface was developed to import results from MCN PX into CFX. The SST
(Shear Stress Transport) turbulence model, a combination of the k- ! - and the k-� -model proved
reasonable for the turbulence modeling in the cooling chann els. As only one fuel plate was
regarded, appropriate periodic boundary conditions were s et for the plate, so that the current
model can be considered representative for the FRM II. The in�u ence of the installations in the
D2O tank was averaged in order to maintain the cylindrical symme try.
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Results from CFX were evaluated with a set of Perl-scripts. Th e resulting heat distribution in
the fuel plate was averaged in 64 cells for each fuel and cladding. The heat distribution was
reimported into MCNPX to account for different material tem peratures by means of stochastic
interpolation with a square root-weighting between materi al libraries for different temperatures
that were precompiled using NJOY. This way, the heat distribu tion is included in the setup
of the fuel plates in further neutronic calculations and tem perature effects on neutronics are
properly taken into account.

Figure 7.11:Temperature pro�le on the surface of the fuel plate.

Final convergence was achieved after only two cycles, which could be expected regarding the
comparably low temperatures in compact cores. For FRM II, al l critical values like maximum
temperature, temperature distribution, heat �ux, pressure drop and others are in very good
agreement with those calculated previously with classical techniques, but provide a much larger
variety of details, especially concerning �ow properties. F or example, the effect of combs that
�x the fuel plates and induced turbulences at the inlet and at the end of the fuel plates can now
be quanti�ed in-depth. In addition, the temperature and pre ssure distribution in the �ow is
now known to a very high degree.

[1] H. Breitkreutz, A. R öhrmoser, W. Petry: 3-Dimensional Coupled Neutronic and Th ermohydraulic
Calculations for a Compact Core Combining MCNPX and CFX, Pro ceedings of ANIMMA, 2009

[2] R. Jungwirth, H. Breitkreutz, W. Petry, A. R öhrmoser, W. Schmid, H. Palancher, C. Bertrand-Drira,
C. Sabathier, X. Iltis, N. Tarisien, C. Jarousse: Optimization of the Si Content in UMo/Al(Si) Fuel
Plates, Proceedings of RERTR 2009, Peking

[3] W. Schmid, Manufacturing of thick monolithic layers by D C-magnetron sputtering, RRFM 2008
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7.3 Effect of macroscopic relaxation on residual stress ana lysis
by diffraction methods

J. Repper, M. Hofmann, C. Krempaszky2, B. Regener2, E. Berhuber3, W. Petry, E.
Werner4

1 TU M ünchen, Christian-Doppler-Labor f ür Werkstoffmechanik von Hochleistungslegierungen,
Garching, Germany

2 Böhler Schmiedetechnik GmbH & Co KG, Kapfenberg, Austria
3 TU M ünchen, Lehrstuhl f ür Werkstoffkunde und Werkstoffmechanik, Garching, Germa ny

Residual stresses can be distinguished into three types differing in the spatial extension of
the stress �elds. Microscopic stresses are either volume-averaged over several grains (type II
stresses) or localized within a grain (type III stresses). M acroscopic stresses (type I stresses), on
the other hand, vary over a length scale which is comparable t o the macroscopic dimensions
of the component. These stresses are correlated to the service life time of a component. Com-
pressive type I stresses near the surface, for example, can reduce the accumulation of micro-
cracks resulting in a gain in life time. In contrast, tensile type I stresses may lead to a reduction
of strength and toughness due to spontaneous cracking. Diff raction methods allow the resid-
ual stress distribution to be determined non-destructivel y even deep inside the bulk material.
Especially with neutron diffraction large penetration dep ths may be reached. Nevertheless,
in diffraction experiments always a mixture of macroscopic stresses and microscopic residual
stresses (mainly type II stresses) is detected. In diffraction experiments the macroscopic stresses
are determined by comparison of the interference line posit ion of a Bragg re�ection of a strained
sample and the interference line position of the same Bragg re�ection of a macrostress free ref-
erence sample. Therefore, one of the basic assumptions in macroscopic residual stress analysis
by diffraction methods is the identity of the microscopic st ress state in the strained compo-
nent and in the macrostress free reference sample, otherwise spurious residual stresses will be
determined. Hence, the production of the reference sample u sual extracted from the strained
component is assumed to have no in�uence on the microscopic st ress state in the material. The
in�uence of the macroscopic stress relaxation during the ext raction process on the microscopic
stress state was investigated at a disc consisting of the high temperature Nickel-base superalloy
IN 718 with a thickness of approx. 18.5 mm and an original diame ter of approx. 100 mm. The
disc was forged at 990� C with a soaking time of 65 min. The forging procedure results i n a high
degree of plastic deformation within the sample material. I t was cooled down to room tem-
perature by water quenching to ensure high macroscopic resi dual stress gradients within the
disc. This cooling process is expected to suppress the precipitation of additional phases within
the matrix phase and the material can be treated as single phase material. The residual stress
state in the center of the disc was unloaded by a reduction of t he diameter of the parent disc
(R = 50 mm) by electrical discharge machining to R = 2 mm �gure 7.12. The neutron measure-
ments to determine the residual stress states in the sampleswere carried out at the materials
science neutron diffractometer STRESS-SPEC at the neutron source FRM II [1]. The strains in
the three principal directions x1, x2 and x3 were measured. The Bragg re�ection of the 
 f 311g
lattice planes of the matrix phase can be found at 2� � 91:3� for a wavelength of � = 1 :556 	A.
The gauge volume was adapted to 3 x 3 x 3 mm3 to ensure good counting statistics. Through-
thickness scans were performed with 11 measurement points along the center axis of the disc.
The sample with R = 2 mm is free of macroscopic stresses and hence it is used as reference
sample.

The residual stress distribution of the parent disc ( R = 50 mm) determined experimentally
using the scattering angles measured for the R = 2 mm sample as reference values is shown in
�gure 7.13. The results are compared to the macroscopic residual stress distributions calculated
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Figure 7.12:
Photography of the disc after the experiment. The disc radii
was reduced stepwise by electrical discharge machining. The
results for the discs with radii of 10 and 20 mm are discussed
elsewhere

by a FE-model. There are signi�cant differences between the simulated residual stress distribu-
tion and the experimentally determined stresses, as asymmetries and quantitative differences in
the stress values. In contrast to the simulated stresses theexperimental data shows non vanish-
ing axial stresses and thus contradicts clearly the mechanical equilibrium (the axial stresses must
vanish in the middle of the disc for negligible free edge effe cts). These discrepancies can be ex-
plained by not taking into account the changed microscopic r esidual stress state resulting from
the relaxation of the stresses during the extraction of the sample with R = 2 mm from the uncut
disc (R = 50 mm). The cutting process relaxes load large enough to induce local plastic deforma-
tion. Then, macroscopic unloading results in an elastic stra ining (e.g. at the grain boundaries)
of grains adjacent to plastically deformed regions. These strains result in microscopic (type II)
residual stresses [2,3,4]. The level of these stresses varies locally in the material because it is
governed by the elastic and/or plastic anisotropy of indivi dual grains. Variations in the degree
of predeformation of different material regions owing to lo cally differing quenching conditions
result also in non-uniform microstress distributions acro ss the thickness of the sample (respon-
sible for the asymmetries in the experimentally determined stress distributions in �gure 7.13).
The grains in highly stressed regions may have already yielde d, whereas other regions contain
mainly elastically strained grains. In addition, differen t stress gradients in the initial stress state
of the parent disc may transfer larger load to surrounding ma terial areas during unloading. The
microscopic stresses reach stress levels of about +100 MPa,which is approximately 25 % of the
maximum initial stress amplitude.

Figure 7.13:
Residual stress distributions in the three principal
directions x1 (squares), x2 (circles) and x3 (trian-
gles) across the thickness of the parent disc. The
dashed lines on both sides of the graphs mark the
upper and bottom surfaces of the disc. The exper-
imental results (open symbols) are compared with
the macroscopic stresses calculated by a FE-model
simulation (�lled symbols).

[1] M. Hofmann, J. Rebelo Kornmeier, U. Garbe, R.C. Wimpory, J. Repper, G.A. Seidl, H.G. Brokmeier,
R. Schneider, Neutron News 18(4) (2007) 27 – 30.

[2] D. Dye, H.J. Stone, R.C. Reed, Curr. Opin. Solid State Mater. Sci. 5 (2001) 31 – 37.

[3] H.J. Stone, T.M. Holden, R.C. Reed, Acta mater. 47(17) (1999) 4435 – 4448.

[4] B. Clausen, T. Lorentzen, T. Leffers, Acta mater. 46(9) (1998) 3087 – 3098.
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7.4 Raman and inelastic neutron scattering study of niobium -phosphate glass for
Raman gain applications

T. Unruh, W. Schirmacher1, B. Schmid1, A. Schulte2, Y. Guo2, T. Cardinal3

1 Universit ät Mainz, Institut f ür Physik, Germany
2 University of Central Florida, Department of Physics and Co llege of Optics & Photonics-CREOL,

Orlando, USA
3 ICMCB, CNRS, University of Bordeaux, Pessac Cedex, France

Raman gain materials are used in so called Raman gain ampli�e rs for broadband ampli�cation
in data transmission via optical �bers. Nowadays, the data t ransmission rate in optical �bers is
about 2.5-10 Gbit/s. However, the transmission in a single �b er cannot be increased much above
160 Gbit/s. To overcome this limitation wavelength and time division multiplexing methods,
respectively, have been developed. By these methods, multiple data streams are transported
by a single �ber in parallel using a broad band of wavelengths . In this way several Tbit/s
could be transmitted by a single �ber. Respecting that an opt ical cable may consist of a large
number of independent single �bers, it can be speculated tha t in the future data storage and
processing will be much more speed-limited than data transm ission. Nevertheless, the transport
of information over long distances is accompanied by seriou s losses of signal intensity even
when using highest quality �bers. For the new data transmiss ion technology the development
of broad band ampli�ers is, therefore, essential.

Figure 7.14:
Color plot of the scattering function S(Q; ! ) of glassy (Nb2O5)40�(NaPO3)60 as measured by
INS. The data was collected at the TOFTOF spectrometer (FRM II) using an incident neu-
tron wavelength of 2.8 	A. The broad 'Boson peak', increasing in intensity with incr easing
momentum transfer ~Q, is clearly visible on both sides of the elastic line ( ~! = 0 ).

Promising candidates for this purpose are Raman gain ampli� ers which already have an usable
continuous ampli�cation range of more than 20 THz. These ampli �ers are based on stimulated
Raman scattering: A strong pump laser with a frequency ! p close to ! s of the signal beam
is coupled into the data transmitting �ber. Raman scatterin g stimulated by the signal beam
increases the signal intensity (Raman gain). The energy difference~(! p � ! s) is absorbed by vi-
brational modes of the medium. It has been demonstrated for T ellurite glasses by Stegeman and
coworkers that Raman gain for optical applications is stron gly correlated to the cross-section for
spontaneous Raman scattering [1]. Raman spectra of such glasses exhibit a strongly pronounced
scattering intensity at small energy transfers which is essential to obtain a broad frequency range
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of excitations needed for Raman gain applications. A simila r feature in corresponding inelastic
neutron scattering (INS) spectra is known as 'Boson peak' (cf . Fig 7.14). While the neutron data
yields the density-of-states the Raman data is in addition t o that determined by elasto-optic ef-
fects. To separate both contributions the vibrational prop erties of binary niobium-phosphate
glasses (NP-glasses), a promising candidate for Raman gainwith a particular broad frequency
range, were additionally studied by inelastic neutron scat tering at the time-of-�ight spectrome-
ter TOFTOF [2,3].
On the basis of these INS and corresponding Raman data we were successful to separate the vi-
brational properties and elasto-optic effects using a new t heory of Raman scattering [4]. In this
theory a model with �uctuating elastic constants (local diso rder) is used for the calculation of
Raman scattering. The longitudinal and transversal dynamic susceptibilities were calculated us-
ing self-consistent Born approximation assuming spatial �u ctuations of the shear modulus [5].
The scattering function for neutrons can be derived via the vi brational density of states calcu-
lated from the dynamic susceptibilities.
This theory was used to simultaneously �t the neutron and Rama n spectrum derived from mea-
surements of the niobium-phosphate glass (Nb 2O5)40�(NaPO3)60. The results of this �t are de-
picted in Fig. 7.15. It is clearly visible that the shape of the peak function is different in the

Figure 7.15:
Fit of the theory (cf. text) to the experimental INS (left) and Raman data (right) of glassy
(Nb2O5)40�(NaPO3)60.

Raman and neutron case. Nevertheless, the experimental data is well described by the theory. It
shall be noted here again: The theory assumes that excess intensity in the low energy range for
Raman scattering is caused by the disorder of the elasto-optic constants whereas the vibrational
density of states is detected by neutrons. It has, therefore, be con�rmed that the origin of the
'Boson peak' in neutron spectra is different to the reason for the enhanced low energy intensity
measured by Raman scattering. This conclusion could further be supported by our observation
that when increasing the Nb 2O5 concentration of the glass the 'Boson peak' intensity decreases
but the corresponding Raman intensity increases. This effect could hardly be explained if the
origin of both features is the same.

[1] R. Stegeman, L. Jankovic, H. Kim, C. Rivero, G. Stegeman, K. Richardson, P. Delfyett, Y. Guo, A.
Schulte, T. Cardinal, Optics Letters 28, 1126 (2003)

[2] A. Schulte, Y. Guo, W. Schirmacher, T. Unruh, T. Cardinal , Vibrational Spectroscopy 48, 12 (2008)

[3] T. Unruh, J. Neuhaus, W. Petry, Nucl. Instr. Methods A 580, 1414 (2007)

[4] B. Schmid, W. Schirmacher, Phys. Rev. Lett.100, 137402 (2008)

[5] W. Schirmacher, Europhys. Lett. 73, 892 (2006)



106 PHYSIK -DEPARTMENT E13 ANNUAL REPORT 2009



A NNUAL REPORT 2009 PHYSIK -DEPARTMENT E13 107

8 Teaching and conferences

8.1 Lectures, seminars and lab courses

Spring semester 2009

Prof. Dr. Peter Müller-Buschbaum, Experimentalphysik 2 für Maschinenwesen
Prof. Dr. Peter Müller-Buschbaum, Seminar über Struktur und Dynamik kondensierter Materie
Prof. Dr. Peter Müller-Buschbaum, Prof. Dr. Christine Papadakis, Seminar über spezielle Probleme
der weichen Materie
Prof. Dr. Christine M. Papadakis, Angewandte Physik: Polymerphysik 2
Prof. Dr. Christine M. Papadakis, Experimentalphysik 2 für LB(EI/BT/MT)
Prof. Dr. Peter Müller-Buschbaum, Dr. Ezzeldin Metwalli Ali, Nanostructured Soft Materials 2
Prof. Dr. Winfried Petry, Dr. Tobias Unruh, Neutronenstreuung und komplementäre Methoden II

Fall semester 2009/20010

Prof. Dr. Peter Müller-Buschbaum, Physik 1 für Maschinenwesen
Prof. Dr. Peter Müller-Buschbaum, Angewandte Physik: Polymerphysik 1
Prof. Dr. Peter Müller-Buschbaum, Seminar über Struktur und Dynamik kondensierter Materie
Prof. Dr. Peter Müller-Buschbaum, Seminar über spezielle Probleme der weichen Materie
Prof. Dr. Peter Müller-Buschbaum, Dr. Ezzeldin Metwalli Ali Nanostructured Soft Materials 1
Prof. Dr. Winfried Petry, Dr. Tobias Unruh, Neutronenstreuung und komplementäre Methoden I

Lab courses 2009

Statische und dynamische Lichtstreuung(Biophysikalisches Praktikum)
Theoretische und praktische Einführung in AFM(Fortgeschrittenenpraktikum)
Thermische Analyse(Fortgeschrittenenpraktikum)
Neutronenstreuung am FRM II(Fortgeschrittenenpraktikum)
JCNS Laboratory Course - Neutron Scattering(Forschungspraktikum)
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8.2 Conferences

GISAS 2009
Satellite Conference of SAS2009
Sep 20-23 2009, DESY Hamburg

Conference topics:

- BioGISAS
- Polymer - Soft matter
- GISANS
- Nanocomposites in 2D
- New methods & Instrumentation, Detectors
- Magnetic thin �lms
- Coherence application in GISAS
- Growth kinetics in 2D
- Modelling, simulation & data analysis

Organizing committee: S.V. Roth, R. Röhlsberger, R. Gehrke (HASYLAB) and P. Müller-
Buschbaum (TU München)
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Lüscher Lectures – Informationstechnologie
am Gymnasium Zwiesel

Mar 27-29 2009

Lüscher Lectures – Geophysik
Bay. Lehrerfortbildungsakademie in Dillingen (Donau)

14 - 16 Oct 2009

Leitung: StDWerner Ettinger / Prof. Dr. Walter Schirmacher
Schulart: Alle Schularten
Zielgruppe: Lehrkr äfte
Lehrgangsort: Dillingen
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9 Publications, talks and funding

9.1 Publications

� M.M. Abul Kashem, J. Perlich, A. Diethert, W. Wang, M. Memesa, J.S. Gutmann, E. Ma-
jkova, I. Capek, S.V. Roth, W. Petry, P. Müller-Buschbaum
Array of magnetic nanoparticles via particle co-operated self-assembly in block copolymer thin �lm
Macromolecules 42, 6202-6208 (2009)

� M. Al-Hussein, M.A. Ruderer, E. Metwalli, V. K örstgens, U. Vainio, S.V. Roth, R.
Döhrmann, R. Gehrke, R. Gebhardt, M. Burghammer, P. Müller-Buschbaum
Determination of the ordered structure in conjugated-coil diblock copolymers �lms from a thickness
gradient prepared by spin-coated drop technique
Macromolecules 42, 4230-4236, (2009)

� A.M. Bivigou-Koumba, J. Kristen, A. Laschewsky, P. M üller-Buschbaum, C.M. Papadakis
Synthesis of symmetrical triblock copolymers of styrene and N-isopropylacrylamide using bifunc-
tional bis(trithiocarbonates) as RAFT agents
Macromol. Chem. Phys. 210, 565-578 (2009)

� K. Böning, W. Petry
Test irradiations of full sizedU3Si2 � Al fuel plates up to very high �ssion densities
J. Nucl. Mat. 383, 254-263 (2009)

� H.N. Bordallo, L.P. Aldridge, P. Fouquet, L.C. Pardo, T. Unruh, J. Wuttke, F. Yokaichiya
Hindered water motions in hardened cement pastes investigated over broad time and length scales
ACS Appl. Mat. & Interf. 1, 2154-2162, (2009)

� H. Breitkreutz, A. R öhrmoser, W. Petry
3-dimensional coupled neutronic and thermohydraulic calculations for acompact core combining
MCNPX and CFX
Proceedings of ANIMMA 2009, Marseille (2009)

� H. Breitkreutz, F.M. Wagner, W. Petry
Physical and medical aspects of the fast neutron beam MEDAPP at FRMII
Proceedings of YRM-NCT, Mainz (2009)

� M. Brodeck, F. Alvarez, A. Arbe, F. Juranyi, T. Unruh, O. Holderer , J. Colmenero, D. Richter
Study of the dynamics of poly(ethylene oxide) by combining molecular dynamic simulations and
neutron scattering experiments
J. Chem. Phys. 130, 094908 (2009)

� S. M. Chathoth, B. Damaschke, T. Unruh, K. Samwer
In�uence of structural changes on diffusion in liquid germanium
Appl. Phys. Lett. 94, 221906 (2009)

� C. Darko, I. Botiz, G. Reiter, D. W. Breiby, J. W. Andreasen, S.V. Roth, D.-M. Smilgies, E.
Metwalli, C. M. Papadakis
Crystallization in diblock copolymer thin �lms at different degrees of supercooling
Phys. Rev. E 79, 041802 (2009)

� A. Frei, E. Gutsmiedl, C. Morkel, A.R. M üller, S. Paul, M. Urban, H. Schober, S. Rols, T.
Unruh, M. H ölzel
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Inelastic neutron scattering on solid deuterium Part I: Density of states
Phys. Rev. B 80, 064301, (2009)

� R. Hengstler, C. Bogenberger, H. Breitkreutz, R. Jungwirth , W. Petry, W. Schmid, G. Gradel,
N. Wieschalla, C. Jarousse, W. W. Schmahl, J. Schneider, L. Berck, W. Carli
Physical properties of monolithic U-8wt.%Mo
Transactions of RRFM 2009, Wien (2009)

� D. Holland-Moritz, S. St über, H. Hartmann, T. Unruh, T. Hansen, A. Meyer
Structure and dynamics of liquid Ni36Zr64 studied by neutron scattering
Phys. Rev. B 79, 064204 (2009)

� D. Holland-Moritz, S. St über, H. Hartmann, T. Unruh, A. Meyer
Ni self-diffusion in Zr-Ni(-Al) melts
J. Phys.: Cond. Mat. Conf. Ser. 144, 012119 (2009)

� J. Horbach, R.E. Rozas, T. Unruh, A. Meyer
Improvement of computer simulation models for metallic melts via quasi-elastic neutron scattering:
A case study of liquid titanium
Phys. Rev. B 80, 212203 (2009)

� D. Jehnichen, D. Pospiech, S. Ptacek, K. Eckstein, P. Friedel, A. Janke, C. M. Papadakis
Nanophase-separated diblock copolymers: Structure investigations on PPMA-b-PMMA using X-
ray scattering methods
Z. Kristallogr. Suppl. 30, 485 (2009)

� G. Kaune, M.A. Ruderer, E. Metwalli, W. Wang, S. Couet, K. Schlage, R. Röhlsberger,
S.V. Roth, P. Müller-Buschbaum
In-situ GISAXS study of gold �lm growth on conducting polymer �lms
ACS Appl. Mater. Interf. 1, 353 (2009)

� G. Kaune, M. Memesa, R. Meier, M.A. Ruderer, A. Diethert, S.V. Roth, M. D'Acunzi,
J.S. Gutmann, P. Müller-Buschbaum
Hierarchically structured titania �lms prepared by polymer/colloidal templating
ACS Appl. Mat. Interf., 1, 2862 (2009)

� M. Kuhlmann, J. Feldkamp, J. Patommel, S.V. Roth, A. Timmann, R. Gehrke, P. Müller-
Buschbaum, C.G. Schroer
Local structure of a self-ordered dried drop of nanoparticles determined by grazing incidence small-
angle X-ray scattering microtomography
Langmuir 25, 7241-7243 (2009)

� C. R. McNeill, A. Abrusci, I. Hwang, M. A. Ruderer, P. M üller-Buschbaum, and N. C.
Greenham
Photophysics and photocurrent generation in polythiophene/poly�uorene copolymer blends
Adv. Funct. Mat. 19, 3103-3111 (2009)

� M. Memesa, S. Weber, S. Lenz, J. Perlich, R. Berger, P. M̈uller-Buschbaum, J.S. Gutmann
Integrated blocking layers for hybrid organic solar cells
Energy Environ. Sci. 2, 783-790 (2009)

� E. Metwalli, J.-F. Moulin, J. Perlich, W. Wang, A. Diethert, S.V. Roth, P. Müller-Buschbaum
Polymer template-assisted growth of gold nanowires using a novel �ow-stream technique
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Langmuir 25, 11815-11821 (2009)

� E. Metwalli, J.-F. Moulin, R. Gebhardt, R. Cubitt, A. Tolkach, U. Kulozik, P. M üller-
Buschbaum
Hydration behavior of casein micelles in thin �lm geometry: A GISANS study
Langmuir 25, 4124-4134 (2009)

� A. Meyer, J. Horbach, O. Heinen, D. Holland-Moritz, T. Unruh
Self diffusion in liquid titanium: quasielastic neutron scattering and molecular dynamics simula-
tion
Defect and Diffusion Forum 289-292, 609 (2009)

� R.A. Mole, J.A. Stride, T. Unruh, P.T. Wood
Non-classical behaviour in an S = 5/2 chain with next nearest neighbour interactions observed from
the inelastic neutron scattering of Mn2(OD)2(C4O4)
J. Phys.: Cond. Mat. 21, 076003 (2009)

� P. Müller-Buschbaum, L. Schulz, E. Metwalli, J.-F. Moulin, R. Cu bitt
Interface induced morphology transition in tri-block copolymer �lms swollenwith low molecular
weight homopolymer
Langmuir 25, 4235-4242 (2009)

� P. Müller-Buschbaum, E. Metwalli, J.-F. Moulin, V. Kudryashov, M . Haese-Seiller, R. Kamp-
mann
Time-of �ight grazing incidence small angle neutron scattering - a novel scattering technique for
the investigation of nanostructured polymer �lms
Euro. Phys. J. E ST 167, 107-112 (2009)

� P. Müller-Buschbaum
A basic introduction to grazing incidence small angle X-ray scattering
in Special issue of Lecture Notes in Physics on ”Applications of Synchrotron Light to
Noncrystalline Diffraction in Materials and Life Sciences”, Vol. 776, edt. Ezquerra, T.A.;
Garcia-Gutierrez, M.; Nogales, A.; Gomez, M.; p.61-90 Springer Berlin, ISBN-13: 978-3-
540-95967-0 (2009)

� H. Palancher, N. Wieschalla, P. Martin, R. Tucoulou, C. Sabathier, W. Petry, J.-F. Berar, C.
Valot, S. Dubois
Uranium-molybden nuclear fuel plates behaviour under heavy ion irradiation: An x-ray diffraction
analysis
J. Nucl. Mat. 385, 449-455 (2009)

� J. Perlich, M. Memesa, A. Diethert, E. Metwalli, W. Wang, S.V. Roth, A. Timmann, J.S.
Gutmann, P. Müller-Buschbaum
Layer-by-layer fabrication of hierarchical structures in sol-gel templated thin titania �lmsPhys.
Stat. Sol. (RRL) 3, 118-120 (2009)

� J. Perlich, G. Kaune, M. Memesa, J.S. Gutmann, P. M̈uller-Buschbaum
Sponge-like structures for application in photovoltaics
Phil. Trans. R. Soc. A 367, 1783-1798 (2009)

� J. Perlich, M. Memesa, A. Diethert, E. Metwalli, W. Wang, S.V. Roth, A. Timmann, J.S.
Gutmann, P. Müller-Buschbaum
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Preservation of the morphology of a self-encapsulated thin titania �lm ina functional multilayer
stack: an X-ray scattering study
Chem. Phys. Chem. 10, 799-805 (2009)

� J. Perlich, V. Körstgens, E. Metwalli, L. Schulz, R. Georgii, P. Müller-Buschbaum
Solvent content in thin spin-coated polystyrene homopolymer �lms
Macromolecules 42, 337-344 (2009)

� L. Peyker, C. Gold, E.-W. Scheidt, W. Scherer, J.G. Donath, P. Gegenwart, F. Mayr, T. Unruh,
V. Eyert, E. Bauer, H. Michor
Evolution of quantum criticality in CeNi9� xCuxGe4

J. Phys.: Cond. Mat. 21, 235604 (2009)

� T. Pietsch, E. Metwalli, S.V. Roth, R. Gebhardt, N. Gindy, P. Müller-Buschbaum, A. Fahmi
Directing the self-assembly of mesostructured hybrid materials: effect ofpolymer concentration and
solvent type
Macromol. Chem. Phys. 210, 864-878 (2009)

� J. Repper, M. Hofmann, C. Krempaszky, R. Wimpory, E. Werner, W . Petry
Micro stress accumulation in multiphase superalloys
Powder Diff. J. 24(2-sup), 65-67 (2009)

� J. Repper, T. Keller, M. Hofmann, C. Krempaszky, E. Werner, W. Petry
Neutron Larmor diffraction for the determination of absolute lattice spacing
Adv. X-ray Anal. 52, 201-208 (2009)

� W. Petry
Nicht zu schaffen - Die für 2010 vereinbarte Umrüstung des Forschungsreaktors FRM II auf Bren-
nelemente mit geringerer Urananreicherung muss bis mindesten 2016 verschoben werden
Physik J. 2:7 (2009)

� A. Röhrmoser, W. Petry
Fuel plate temperatures during operation of FRM II
Transaction of RRFM 2009, Wien (2009)

� S.V. Roth, M. Kuhlmann, H. Walter, A. Snigirev, I. Snigireva, B. Legeler, C. Schroer, M.
Burghammer, C. Riekel, P. Müller-Buschbaum
Colloidal silver nanoparticle gradient layer prepared by drying between two walls of different wet-
tability
J. Phys.: Cond. Mat. 21, 264012 (2009)

� M. A. Ruderer, E. Metwalli, W. Wang, G. Kaune, S. V. Roth, P. M üller-Buschbaum
Thin �lms of photoactive polymer blends
Chem. Phys. Chem 10, 664-671 (2009)

� M. A. Ruderer, M. Hirzinger, P. M üller-Buschbaum
Photoactive Nanostructures of Polypyrrole
Chem. Phys. Chem. 10, 2692-2697 (2009)

� O. Russina, M. Beiner, C. Pappas, M. Russina, V. Arrighi, T. Unruh, C. Mullan, C. Hardacre,
A. Triolo
Temperature dependence of the primary relaxation in 1-hexyl, 3-methylimidazolium (tri�uo-
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romethyl)sulfonylimide
J. Phys. Chem. B 113, 8469 (2009)

� D.-M. Smilgies, R. Li, Z. Di, C. Darko, C. M. Papadakis, D. Posselt
Probing the self-organization kinetics in block copolymer �lms
Mat. Res. Soc. Symp. Proc. 1147, OO01-01 (2009)

� C. Smuda, S. Busch, R. Schellenberg, T. Unruh
Methyl group dynamics in polycrystalline and liquid ubiquinone Q0 studied by neutron scattering
J. Phys. Chem. B 113, 916-922 (2009)

� L. Sobczyk, M. Prager, W.Sawka-Dobrowolska, G. Bator, A. Pawlukoj ć, E. Grech, L. van
Eijck, A. Iwanow, S. Rols, J. Wuttke, T. Unruh
The structure of diaminodurene and the dynamics of the methyl groups
J. Chem. Phys. 130, 164519 (2009)

� A. M. Stadler, I. Digel, J. P. Embs, T. Unruh, M. Tehei, G. Zaccai, G. Büldt, G. M. Artmann
From powder to solution: hydration dependence of human hemoglobin dynamics correlated to body
temperature
Biophys. J. 96, 5073 (2009)

� F.M. Wagner, B. Loeper, Th. Bücherl, H. Breitkreutz, W. Petry
Use of �ssion radition in life sciences and materials characterisation
Transaction of RRFM 2009, Wien (2009)

� F.M. Wagner, H. Breitkreutz, T. B ücherl, B. Loeper-Kabasakal, W. Petry
The beam of �ssion neutrons at FRM II and its application in medicine, biology, and materials
characterisation
Proceedings of ANIMMA 2009, Marseille (2009)

� W. Wang, E. Metwalli, J. Perlich, C. M. Papadakis, R. Cubitt, P. Müller-Buschbaum
Cyclic switching of water storage in thin block copolymer �lms containing poly(N-
isopropylacrylamide)
Macromolecules 42, 9041-9051 (2009)

� W. Wang, E. Metwalli, J. Perlich, K. Troll, C. M. Papadakis, R. Cubitt, P. M üller-Buschbaum
Water storage in thin �lms maintaining the total �lm thickness as probed with in situ neutron
re�ectivity
Macromol. Rap. Comm. 30, 114-119 (2009)

9.2 Talks

� J. Adelsberger
The dynamics of thermosensitive micellar hydrogels as studied using neutron spin-echo spec-
troscopy
Colloquium ”Analytik von Hydrogelen”, Karlsruhe, 7 – 8 Apr 2009

� J. Adelsberger, A. Meier-Koll, W. Wang, T. Hellweg, O. Holderer , P. Busch, V. Pipich, A. M.
Bivigou Koumba, A. Laschewsky, P. M üller-Buschbaum, C. M. Papadakis
Structure and dynamics of thermoresponsive blockcopolymer gels
FRM II Users' Meeting, Garching, 25 May 2009



A NNUAL REPORT 2009 PHYSIK -DEPARTMENT E13 115

� J. Adelsberger
Structure and dynamics of thermoresponsive blockcopolymer gels
DPG SPP 1259 ”Intelligente Hydrogele” Colloquium, Dortmund, 22 – 23 Sep 2009

� H. Breitkreutz, F.M. Wagner, W. Petry
Physical and Medical Aspects of the Fast Neutron Beam MEDAPP at FRM II
YRM-NCT 2009, Mainz

� Z. Di, C.M. Papadakis, D. Posselt, D.-M. Smilgies
Structural changes in thin block copolymer �lms during vapor treatment
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� Z. Di
Structural rearrangement in a lamellar block copolymer thin �lm during solvent vapor treatment
1st International Conference on Nanostructured Materials and Nanocomposites, Kot-
tayam, India, 6 – 8 Apr 2009

� Z. Di
Structural rearrangement in a lamellar block copolymer thin �lm during solvent vapor treatment
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� A. Diethert, S. V. Roth, P. Müller-Buschbaum
Surface enrichment layers in pressure sensitive adhesive �lms
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� A. Diethert, P. M üller-Buschbaum
Surface-near composition pro�les of pressure sensitive adhesive �lms
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� S. Ener, T. Mehaddene, J. Neuhaus, W. Petry
Lattice dynamics in ferromagnetic shape memory alloys
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� S. Ener, J. Neuhaus, W. Petry, K. Hradil, P. Link, R. Mole
Lattice dynamics in ferromagnetic shape memory alloys
SPP 1239, Focus Meeting, Bonn, 30 Oct 2009

� A. Golosova, R. Jordan, C. M. Papadakis
Chemical functionalization of carbon nanotubes for preparation of nanocomposites
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� A. Golosova, R. Jordan, C. M. Papadakis
Chemical functionalization of carbon nanotubes for preparation of nanocomposites
IGSSE Meeting, Burg Raithenhaslach, 18 – 19 Jun 2009

� A. Golosova, R. Jordan, C. M. Papadakis
Chemical functionalization of carbon nanotubes
Seminar at Chemistry Department, Garching, 7 Sep 2009

� A. Golosova, R. Jordan, C. M. Papadakis
Chemical functionalization of carbon nanotubes for preparation of nanocomposites
International Conference on Carbon Based Nanocomposites CNTComp09, Hamburg, 20
– 23 Sep 2009
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� R. M. Hengstler
Fuel development for nuclear research and power reactors
Neutrons in Science and Industry, Garching, 8 Jun 2009

� E.T. Hoppe, C.M. Papadakis
Polymer interphase properties at the polymer-solid interface
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 May 2009

� R. Ivanova, C.M. Papadakis, T.B. Bonńe, T. Komenda, K. Lüdtke, K. Mortensen, P.K. Pran-
zas, R. Jordan
Self-assembly and multi-compartment micellar hydrogel formation of amphiphilic di- and triblock
copolymers containing �uorophilic blocks
JCNS 2009, Tutzing, 5 – 8 Oct 2009

� R. Jungwirth, H. Breitkreutz, W. Petry, A. R öhrmoser
Optimization of the Si content in UMo-Al Si
RERTR 2009, Beijing, China, 1 – 5 Nov 2009

� G. Kaune, M. A. Ruderer, E. Metwalli, R. Meier, W. Wang, S. Couet , K. Schlage, R. R̈ohls-
berger, S. V. Roth, P. Müller-Buschbaum
Growth of metal thin �lms on conductive polymer surfaces
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� G. Kaune
GISANS study of sponge-like TiO2 structures for photovoltaic applications
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� G. Kaune, M. A. Ruderer, E. Metwalli, R. Meier, W. Wang, S. Couet , K. Schlage, R. R̈ohls-
berger, S. V. Roth, P. Müller-Buschbaum
In-situ GISAXS study of gold �lm growth on a conductive polymer �lm
SAS09, Oxford, UK 13 – 18 Sep 2009

� G. Kaune, M. A. Ruderer, E. Metwalli, R. Meier, W. Wang, S. Couet , K. Schlage, R. R̈ohls-
berger, S. V. Roth, P. Müller-Buschbaum
In-situ GISAXS study of gold �lm growth on a conductive polymer �lm
GISAS 2009, Hamburg, 20 – 23 Sep 2009

� G. Kaune, P. Lellig, J. Perlich, M. Rawolle, M. Miedermeier, M . Memesa, J. S. Gutmann, P.
Müller-Buschbaum
Inorganic-organic hybrid �lms with integrated function
Arbeitskreistreffen SPP 1181, Darmstadt, 9 Dec 2009

� V. Körstgens, R. Meier, J. Wiedersich, J. Perlich, S. V. Roth, P.Müller-Buschbaum
Combination of� GISAXS and imaging ellipsometry - a new versatile instrument for the surface
sensitive investigation of polymer �lms
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� V. Körstgens
Development of a� GISAXS instrument with integrated imaging ellipsometry
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� V. Körstgens, R. Meier, J. Wiedersich, J. Perlich, S. V. Roth, P.Müller-Buschbaum
Combining imaging ellipsometry with GISAXS for an in situ characterization ofnanostructures
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GISAS 2009, Hamburg, 20 – 23 Sep 2009

� A. Lennaers, S. Van de Berghe, F. Charollais, P. Lemoine, C. Jarousse, A. Röhrmoser, W.
Petry
Microstructural analysis of ground UMo fuel with and without Si added to the matrix, irradiated
to high burn up
RERTR 2009, Beijing, China, 1 – 5 Nov 2009

� D. Magerl, V. K örstgens, P. Müller-Buschbaum
Movement of microliter and submicroliter droplets on inclined surfaces
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� R. Meier, M. A. Ruderer, G. Kaune, J. Perlich, R. Georgii, P. Müller-Buschbaum
Neutron re�ectivity on conducting polymer �lms
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� A. Meier-Koll, J. Adelsberger, A. Golosova, P. Busch, V. Pipich, C.M. Papadakis, P. Müller-
Buschbaum
Spinodal decomposition of PNIPAM based hydrogels as probed with SANS
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� E. Metwalli, J.-F. Moulin, J. Perlich, W. Wang, A. Diethert, S.V. Roth, Peter Müller-
Buschbaum
Progressive selective gold deposition from a �owing stream of solutiononto a polymer template
HASYLAB Users' Meeting, Satellite Meeting, Hamburg, 29 Jan 2009

� E. Metwalli, J.-F. Moulin, J. Perlich, A. Diethert, W. Wang, S.V. Roth, C.M. Papadakis, P.
Müller-Buschbaum
Promoting selective gold immobilization onto polymer nanotemplates using solution �ow-stream
technique
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� E. Metwalli, J.-F. Moulin, R. Gebhardt, V. K örstgens, R. Cubitt, A. Tolkach, U. Kulozik, P.
Müller-Buschbaum
Hydration behavior of casein micelles in thin �lm geometry: A GISANS study
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� E. Metwalli, J.-F. Moulin, M. Rauscher, G. Kaune, M.A. Ruderer, M . Haese-Seiller, R. Kamp-
mann, P. Müller-Buschbaum
Structural investigation of block copolymer thin �lms using TOF-GISANS
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� E. Metwalli, J.-F. Moulin, J. Perlich, A. Diethert, W. Wang, S.V. Roth, C.M. Papadakis, P.
Müller-Buschbaum
Guiding metal nanoparticles onto a polymer template using a �ow-streamtechnique
Euro AFM Forum, Garching, 1 – 3 Jul 2009

� E. Metwalli, J.-F. Moulin, R. Gebhardt, V. K örstgens, R. Cubitt, A. Tolkach, U. Kulozik, P.
Müller-Buschbaum
Hydration behavior of casein micelles in thin �lm geometry: A GISANS study
Invited Talk, Heinrich-Heine-Universität, Düsseldorf, 16 Jul 2009
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� E. Metwalli, J.-F. Moulin, J. Perlich, A. Diethert, W. Wang, S.V. Roth, C.M. Papadakis, P.
Müller-Buschbaum
Guiding metal nanoparticles onto a polymer template using a �ow-streamtechnique
DFG SPP 1164 Nano- & Micro�uidics Workshop, Bad Honnef, 29 – 3 1 Jul 2009

� E. Metwalli, K. Schlage, V. Körstgens, S. Couet, R. Meier, G. Kaune, S.V. Roth, R. R̈ohls-
berger, P. Müller-Buschbaum
Real time GISAXS study of magnetic nanoparticle assemblies on polymer templates
Nanoworkshop 2009, Prague, Czech Republic, 2 – 4 Sep 2009

� E. Metwalli, J.-F. Moulin, M. Rauscher, P. M üller-Buschbaum
Structual studies on the interfaces of block copolymer thin �lms using TOF-GISANS
JCNS 2009, Tutzing, 5 – 8 Oct 2009

� P. Müller-Buschbaum
Report of the HASYLAB User Committe (HUC) - report 2008
HASYLAB Users' Meeting, Hamburg, 30 Jan 2009

� P. Müller-Buschbaum
Grazing incidence small neutron angle scattering - an advanced characterization technique for
structured polymer �lms
Scattering Weekend, Erlangen, 21-22 Feb 2009

� P. Müller-Buschbaum
User support at DESY - a users view
PNI Begutachtung Photonen, Hamburg, 16 Mar 2009

� P. Müller-Buschbaum, L. Schulz, E. Metwalli, J.-F. Moulin, R. Cu bitt
Lateral structures of buried interfaces in A-B-A-type block polymer �lms
DPG Frühjahrstagung, Dresden, 22-27 Mar 2009

� P. Müller-Buschbaum
Characterization of thin polymer �lms by grazing-incidence small-angle x-ray scattering
EMRS 2009, Strasbourg, France, 8 – 12 Jun 2009

� P. Müller-Buschbaum, L. Schulz, E. Metwalli, J.-F. Moulin, R.Cub itt
Lateral structures of buried interfaces as probed with GISANS
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� P. Müller-Buschbaum, E. Metwalli, R. Gebhardt, A. Tolkach, U. Kulo zik
Thin casein �lms as prepared by spin-coating: In�uence of �lm thickness, pH and calcium concen-
tration
Euro AFM Forum 2009, Garching, 1 – 3 Jul 2009

� P. Müller-Buschbaum, G. Kaune, M.A. Ruderer, E. Metwalli, R. Meier , W. Wang, S. Couet,
K. Schlage, R. R̈ohlsberger, S. V. Roth
Growth of metal thin �lms on conductive polymer surfaces
Nanoworkshop 2009, Prague, Czech Republic, 2-4 Sep 2009

� P. Müller-Buschbaum, G. Kaune, E. Metwalli, J.-F. Moulin, M. Haes e-Seiller, R. Kampmann
Polymer nanostructures at buried interfaces probed with time-of �ight grazing incidence small
angle neutron scattering
SAS09, Oxford, UK, 13 – 18 Sep 2009
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� P. Müller-Buschbaum, S.V. Roth, E. Metwalli, J.-F. Moulin, R. Cubitt
Modeling grazing incidence small angle x-ray and neutron scattering data
Workshop “Off-spec 2009”, Felda�ng, 27-29 Sep 2009

� P. Müller-Buschbaum, M.A.Ruderer, E. Metwalli, J.-F. Moulin, R. Cu bitt
Lateral structures of buried interfaces as probed with GISANS
JCNS 2009, Tutzing, 5 – 8 Oct 2009

� P. Müller-Buschbaum
Functional materials based on polymer- and hybrid-nanostructures
Physikalisches Kolloquium der Universität Giessen, Giessen, 2 Nov 2009

� P. Müller-Buschbaum
Bringing GISAXS to the �eld of polymers - how all started
Ehrenkolloquium anlässlich des 60. Geburstages von Manfred Stamm, Dresden, 6 Nov
2009

� P. Müller-Buschbaum
Functional materials based on polymer- and hybrid-nanostructures
Workshop ”Partnership for Soft Condensed Matter (PSCM)”, Grenoble, France, 16-18 Dec
2009

� J. Neuhaus, W. Petry
Magnetic, magnetoelastic and dynamical properties of martensitic Heusler alloys: Phonon spectra
SPP 1239-Klausur, Duisburg, 16 Feb 2009

� J. Neuhaus
Neutrons for science and industry, the instrumentation of the FRM II
14th International Seminar on Neutron Scattering Investigation in Condensed Matter, Poz-
nan, Poland, 15 May 2009

� J. Neuhaus
Material science with neutrons in Garching
DAAD Delegationsreise, MIFI, Moscow, Russia, 6 Nov 2009

� C.M. Papadakis
Structural changes of block copolymer thin �lms in solvent vapor - time-resolved GISAXS
HASYLAB Users' Meeting, Satellite Workshop, Hamburg, 29 Jan 2009

� C.M. Papadakis
Strukturierte Polymersysteme
DFG-Rundgespräch Weiche Materie, Bad Honnef, 25 – 27 Feb 2009

� C.M. Papadakis, J. Adelsberger, A. Jain, A. Kulkarni, K. Troll, W. W ang, A.M. Bivigou
Koumba, A. Laschewsky, P. Müller-Buschbaum
Micellar solutions and hydrogels from temperature-responsive, amphiphilic block copolymers.
1st International Conference on Nanostructured Materials and Nanocomposites, Kot-
tayam, India, 6 – 8 Apr 2009

� C.M. Papadakis
Structural Changes of Block Copolymer Thin Films in Solvent Vapor
Universität Ulm, 22 Apr 2009
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� C.M. Papadakis
Neutron and X-ray Re�ectometry - A Tutorial
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� C.M. Papadakis, P. �Cernoch, P. �St�epánek, D.-M. Smilgies, S.V. Roth
Formation of lateral structures in diblock copolymer �lms by vapor treatment
GISAS 2009, Hamburg, 20 – 23 Sep 2009

� C.M. Papadakis, J. Adelsberger, A. Kulkarni, A. Jain, A. Meier-Koll , W. Wang, A.M.
Bivigou-Koumba, A. Laschewsky, T. Hellweg, P. M üller-Buschbaum
Structure and dynamics of self-assembled thermoresponsive polymer gels based on poly(N-
isopropylacrylamide) of different architechture
MRS Fall Meeting 2009, Boston, USA, 30 Nov – 4 Dec 2009

� W. Petry
Die Forschungs-Neutronenquelle Heinz Maier-Leibnitz
Areva Erlangen, 3 Mar 2009

� W. Petry
Vom Wackeln der Atome und der Schönheit der Neutronen
Vortrag anlässlich der Feierlichkeiten zur Emeritierung von Prof. Gero Vogl, TU Wien, Aus-
tria, 2 Jul 2009

� W. Petry. J. Neuhaus, t. Mehaddene. S. Ener
Dynamics of ferromagnetic shape memory alloys in the austenite and martensite phase
DYPROSO 2009, Antwerpen, 13 – 17 Sep 2009

� W. Petry
Multiple purpose research reactors for the 21st century
IGORR 2009, Beijing, China, 27 – 31 Oct 2009

� W. van Renterghem, A. Leenaers, S. van den Berghe, M.-C. Anselmet, F. Charollais, P.
Lemoine, W. Petry
Transmission electron microscopy investigation of irradiated atomised and ground U(Mo) disper-
sion fuel, with or without Si added to the matrix.
RERTR 2009, Beijing, China, 1 – 5 Nov 2009

� J. Repper, M. Hofmann, R. Schneider, H.-G. Brokmeier
Materials science by neutron diffraction
FEMaS Workshop, Lisbon, Portugal, 12 – 15 Jan 2009

� J. Repper, C. Krempaszky, M. Hofmann, E.Werner, W. Petry
Macroscopic stress relaxation in complex high performance alloys
TMS2009 138th Annual Meeting & Exhibition, San Francisco, California, USA, 15 – 19 Feb
2009

� J. Repper, M. Hofmann, C. Krempaszky
Intergranular and interphase microstresses by neutron diffraction
MECA SENS V, Tokyo, Japan, 10 – 12 Nov 2009

� A. Röhrmoser, W. Fries, H. Gerstenberg, P. J̈uttner, C. M üller, I. Neuhaus, W. Petry
Neutronic evaluation of target irradiation at FRM II for Mo-99 supply
IGORR 2009, Beijing, China, 27 – 31 Oct 2009
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� S.V. Roth, G. Herzog, A. Buffet, S. Couet, R. Gehrke, R. R̈ohlsberger, A. Rothkirch, K.
Schlage, W. Wurth, G. Kaune, V. Körstgens, R. Meier, E. Metwalli, P. Müller-Buschbaum
Designed polymer-metal nanocomposites: On the use of colloidal polymer templates
DPG Frühjahrstagung, Dresden, 22-27 Mar 2009

� M. A. Ruderer
A neutron study of photoactive rod-coil diblock copolymer �lms
CompInt Winter School, Antholz, Italy, 13 – 16 Mar 2009

� M. A. Ruderer, R. Meier, J. Perlich, G. Kaune, R. Cubitt, M. Haese-Seiler, R. Kampmann, P.
Müller-Buschbaum
Electronic materials with variable conductivities via block copolymer-homopolymer blend �lms
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

� M. A. Ruderer, R. Meier, P. M üller-Buschbaum
Enhanced light harvesting in semiconducting nanoparticle/polymer composites
Nanoworkshop 2009, Prague, Czech Republic, 2 – 4 Sep 2009

� T. Unruh, C. Smuda, S. Busch, O. Holderer, W. Häußler
Diffusive motions in molecular liquids
Invited talk, Institut für Festkörperforschung (IFF), Jülich, 8 Jan 2009

� T. Unruh, C. Smuda, S. Busch
Diffusive motions in molecular liquids
Invited talk, 9th International Conference on Quasielastic Neutron Scattering, PSI, Villigen,
Switzerland, 10 – 13 Feb 2009

� T. Unruh, C. Smuda, S. Busch, G. Gemmecker
Molecular motions in liquid medium-chainn-alkanes
DPG Frühjahrstagung, Dresden, 25 – 27 Mar 2009

� T. Unruh
Research at the time-of-�ight spectrometer TOFTOF at the FRM II
Invited talk, Helmholtz Zentrum Berlin, Berlin, 16 Apr 2009

� T. Unruh
Quasielastic neutron scattering at FRM II: The method, the instruments and applications in phar-
macy and biology
Invited talk, BIONyX Workshop, Barcelona, Spain, 22 May 2009

� T. Unruh, W. Schirmacher, B. Schmid, A. Schulte, Y. Guo, T. Cardinal
Raman and inelastic neutron scattering study of niobium-phosphate glass for Raman gain applica-
tion
Invited talk, 6th International Discussion Meeting on Relaxations in Complex Systems,
Rome, Italy, 30 Aug – 5 Sep 2009

� F.M. Wagner, B. Loeper, Th. Bücherl, H. Breitkreutz, W. Petry
Use of �ssion radiation in life sciences and materials characterisation
RRFM 2009, Wien, Austria, 22 – 23 Mar 2009

� F.M. Wagner, H. Breitkreutz, T. B ücherl, B. Loeper-Kabasakal, W. Petry
Use of �ssion radiation in life sciences and materials characterisation
ANIMMA 2009, Marseille, France, 2 – 7 Jun 2009
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� F.M. Wagner, H. Breitkreutz, T. B ücherl, B. Loeper-Kabasakal, W. Petry
The Beam of Fission Neutrons at FRM II and its Application in Medicine, Biology, and Materials
Characterisation
ANIMMA 2009, Marseille, France, 2 – 7 Jun 2009

� W. Wang, K. Troll, G. Kaune, E. Metwalli, M. Ruderer, K. Skrabani a, A. Laschewsky,
S. V. Roth, C. M. Papadakis, P. Müller-Buschbaum
Temperature dependent swelling and switching kinetics of gold coatedend-capped PNIPAM thin
�lms
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� W. Wang
Swelling of thin PNIPAM �lms as probed with neutron re�ectivity
Colloquium ”Analytik von Hydrogelen”, Karlsruhe, 7 – 8 Apr 2009

� W. Wang, P. Müller-Buschbaum
Structure and kinetic of thin stimuli-responsive hydrogel �lms based onamphiphilic diblock copoly-
mers
DPG SPP 1259 “Intelligente Hydrogele” Kolloquium, Dortmund, 22 – 23 Sep 2009

� E. Welcomme, H. Palancher, C. Sabathier, Ph. Martin, J. Allenou, F. Charollais, M.C. Ansel-
met, C. Valot, P. Lemoine , R. Tucoulou , C. Jarousse, L. Beck,R. Jungwirth, W. Petry
Heavy ion irradiation of UMo7/Al fuel: methodological approach
RRFM 2009, Wien, Austria, 22–23 Mar 2009

� J. Wiedersich, A. Diethert, P. Müller-Buschbaum, W. Petry
Brillouin spectroscopy on thin polymer �lms
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� Q. Zhong, W. Wang, E. Metwalli, A. M. Bivigou-Koumba1, A. Lasche wsky, C.M. Pa-
padakis, M. Haese-Seiller, R. Kampmann, P. Müller-Buschbaum
Structure characterization of hydrogel �lm based on pMDEGA
4th FRM II Workshop on Neutron Scattering, Burg Rothenfels, 15 – 18 Jun 2009

9.3 Posters

� J. Adelsberger, A. Meier-Koll, W. Wang, T. Hellweg, A.M. Bivigou Ko umba, A.
Laschewsky, P. Müller-Buschbaum, C.M. Papadakis
Structure, dynamics and kinetics of thermoresponsive block copolymer gels
HASYLAB Users' Meeting, Hamburg, 30 Jan 2009

� J. Adelsberger, A. Meier-Koll, W. Wang, A. Golosova, S. Funari, P. Busch, O. Holderer, V.
Pipich, A.M. Bivigou Koumba, A. Laschewsky, T. Hellweg, P. M üller-Buschbaum, C.M.
Papadakis
Structure, dynamics and kinetics of thermoresponsive block copolymer gels
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� J. Adelsberger, A. Meier-Koll, W. Wang, A. Golosova, S. Funari, P. Busch, O. Holderer, V.
Pipich, A.M. Bivigou Koumba, A. Laschewsky, T. Hellweg, P. M üller-Buschbaum, C.M.
Papadakis
Structure, dynamics and kinetics of thermoresponsive blockcopolymer gels
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009
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� J. Adelsberger, A. Kulkarni, A. Jain, A.. Meier-Koll, W. Wang, A. Golo sova, A. M.
Bivigou Koumba, A. Laschewsky, T. Hellweg, O. Holderer, P. Bus ch, V. Pipich, P. Müller-
Buschbaum, C. M. Papadakis
Structure and dynamics of poly(N-isopropylacrylamide)-based thermoresponsive triblock copoly-
mer gels
JCNS 2009, Tutzing, 5 – 8 Oct 2009

� D.W. Breiby, P.T.K. Chin, J.W. Andreasen, K.A. Grimsrud, Z. Di, R.A.J. Janssen
Biaxially oriented CdSe nanorods
NanoMat 2009, Lillehammer, Norway, 15-19 Jun 2009

� H. Breitkreutz, A. R öhrmoser, W. Petry
3-Dimensional neutronic and thermohydraulic calculations for FRM II: theX 2 program system
ANIMMA 2009, Marseille, France, 2 – 7 Jun 2009

� H. Breitkreutz, A. R öhrmoser, W. Petry
3-Dimensional Coupled Neutronic and Thermohydraulic Calculations for a Compact Core Com-
bining MCNPX and CFX
ANIMMA 2009, Marseille, France, 2 – 7 Jun 2009

� Z. Di, D.-M. Smilgies, D. Posselt, A. Timmann, C.M. Papadakis
Structural rearrangements in lamellar block copolymer thin �lms during solvent vapor treatment
CHESS User Meeting, Cornell University, Ithaca NY, USA, 9 – 10 Jun 2009

� A. Diethert, E. Metwalli, J. Perlich, W. Wang, S. V. Roth, A. Tim mann, Y. Peykova, N. Wil-
lenbacher, P. Müller-Buschbaum
Surface enrichment in statistical copolymer �lms
HASYLAB Users' Meeting, Hamburg, 30 Jan 2009

� A. Diethert, S. V. Roth, Y. Peykova, N. Willenbacher, P. M üller-Buschbaum
Surface enrichment in statistical copolymer �lms
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009

� A. Diethert, E. Metwalli, J. Perlich, W. Wang, S. V. Roth, P. M üller-Buschbaum
Surface-near structures in pressure sensitive adhesive �lms
GISAS 2009, Hamburg, 20 – 23 Sep 2009

� S. Ener
Magnetic, magnetoelastic and dynamical properties of martensitic Heusler alloys: Phonon spectra
SPP 1239-Klausur, Duisburg, 16 Feb 2009

� A. Golosova, G. Richter, A. Timmann, R. Jordan, C. M. Papadakis
Sidewall functionalization of carbon nanotubes for preparation of nanocomposites
HASYLAB Users' Meeting, Hamburg, 30 Jan 2009

� A. Golosova, G. Richter, A. Timmann, R. Jordan, C. M. Papadakis
Sidewall functionalization of carbon nanotubes for preparation of nanocomposites
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� A. Golosova, A. Timmann, R. Jordan, C. M. Papadakis
Chemical functionalization of carbon nanotubes for preparation of nanocomposites
Nano-Workshop DTU, Copenhagen, Denmark, 6 May 2009
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� A. Golosova, A. Timmann, R. Jordan, C. M. Papadakis
Chemical functionalization of carbon nanotubes for preparation of nanocomposites
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009

� A. Golosova, A. Timmann, S. S. Funari, R. Jordan, C. M. Papadakis
Chemical functionalization of carbon nanotubes for preparation of nanocomposites
JCNS 2009, Tutzing, 5 – 8 Oct 2009

� R. M. Hengstler, L. Beck, C. Bogenberger, H. Breitkreutz, W. Carli, G. Gradel, C. Jarousse,
R. Jungwirth, W. Petry, W. W. Schmahl, W. Schmid, J. Schneider, N. Wieschalla
Physical properties of monolithic U8wt.-%Mo
RRFM 2009, Wien, Austria, 22 – 25 Mar 2009

� E.T. Hoppe, A. M ünzer, C.M. Papadakis
Viscosity and density at the polymer-solid interface
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� E.T. Hoppe, A. M ünzer, C.M. Papadakis
Viscosity and density at the polymer-solid interface
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009

� E.T. Hoppe, C.M. Papadakis
Density and viscosity at the polymer-solid interface
Schwerpunkttreffen SPP 1369, Frankfurt am Main, 26 Jun 2009

� E.T. Hoppe, C.M. Papadakis
Density and viscosity at the polymer-solid interface
JCNS 2009, Tutzing, 5 – 8 Oct 2009

� G. Kaune, M. Memesa, R. Meier, M. A. Ruderer, A. Diethert, J. S. Gutmann, P. Müller-
Buschbaum
Preparation of hierarchically structured titania thin �lms by polymer templating
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009

� V. Körstgens, R. Meier, J. Wiedersich, J. Perlich, S. V. Roth, P.Müller-Buschbaum
Development of the new� GISAXS instrument including imaging ellipsometry for the MINAXS
beamline at PETRA3
HASYLAB Users' Meeting, Hamburg, 30 Jan 2009

� D. Magerl, V. K örstgens, P. Müller-Buschbaum
Movement of microliter and submicroliter droplets on inclined surfaces
DFG SPP 1164 Nano- & Micro�uidics Workshop, Bad Honnef, 29 – 3 1 Jul 2009

� R. Meier, M. A. Ruderer, G. Kaune, A. Diethert, S. V. Roth, P. Müller-Buschbaum
Surface and structure analysis of thin polymer blend �lms based on MEH-PPV and PVK
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� R. Meier, M. A. Ruderer, G. Kaune, R. Georgii, P. Müller-Buschbaum
Neutron re�ectivity study addressing the solvent content in thin conducting polymer �lms
EMRS 2009, Strasbourg, France, 8 – 12 Jun 2009

� R. Meier, M. A. Ruderer, G. Kaune, A. Diethert, S. V. Roth, P. Müller-Buschbaum
Surface and structure analysis of thin polymer blend �lms based on MEH-PPV and PVK
GISAS 2009, Hamburg, 20 – 23 Sep 2009
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� A. Meier-Koll, A. Golosova, J. Adelsberger, W. Wang, P. Busch, V. Pipich, C.M. Papadakis,
and P. Müller-Buschbaum
Temperature-resolved structures and kinetics of deswelling in PNIPAM hydrogels and solutions
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� E. Metwalli, J.-F. Moulin, J. Perlich, W. Wang, A. Diethert, S.V. Roth, Peter Müller-
Buschbaum
Progressive selective gold deposition from a �owing stream of solutiononto a polymer template
HASYLAB Users' Meeting, Hamburg, 30 Jan 2009

� E. Metwalli, K. Schlage, V. Körstgens, S. Couet, R. Meier, G. Kaune, S.V. Roth, R. R̈ohls-
berger, P. Müller-Buschbaum
Real time GISAXS study of magnetic nanoparticles self-assembly on a polymer template
EMRS 2009, Strasbourg, France, 8 – 12 Jun 2009

� E. Metwalli, J.-F. Moulin, J. Perlich, W. Wang, A. Diethert, S.V. Roth, Peter Müller-
Buschbaum
Gold nanoparticle decoration of polymer template using a �ow-stream technique
SAS09, Oxford, UK, 13 – 18 Sep 2009

� J. Neuhaus, S. Ener, W. Petry, K. Hradil, P. Link, R. Mole
Lattice dynamics in ferromagnetic shape memory alloys
FRM II Users' Meeting, Garching, 25 May 2009

� C.M. Papadakis, P. �Cernoch, P. �St�epánek, D.-M. Smilgies, S.V. Roth
Formation of lateral structures in thin diblock copolymer �lms by vapor treatment
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� C.M. Papadakis, C. Darko, K. Troll, Z. Di, S. Förster, D.-M. Smilgies, A. Timmann
Breakout crystallization in cylinder-forming diblock copolymer thin �lms
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� C.M. Papadakis, C. Darko, E. Metwalli, I. Botiz, G. Reiter, D.W . Breiby, J.W. Andreasen,
S.V. Roth, D.-M. Smilgies
Multiscale study of crystallization in diblock copolymer thin �lms at different supercooling
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� C.M. Papadakis, Z. Di, D. Posselt, D.-M. Smilgies
Structural instability in a block copolymer thin �lm during solvent vapor treatment
NanoDay 2009, Joint Meeting between Nano DTU, Nano-Science Center, NanoTUM and
TU/e, Copenhagen, Denmark, 6 May 2009

� C.M. Papadakis, Z. Di, D. Posselt, D.-M. Smilgies
Structural changes in thin block copolymer �lms during vapor treatment
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009

� C.M. Papadakis, C. Darko, I. Botiz, G. Reiter, D.W. Breiby, J.W.Andreasen, S.V. Roth, D.-M.
Smilgies
Multiscale study of crystallization in diblock copolymer thin �lms at different supercooling
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009

� C.M. Papadakis, C. Darko, I. Botiz, G. Reiter, D.W. Breiby, J.W.Andreasen, S.V. Roth, D.-M.
Smilgies
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multiscale study of crystallization in diblock copolymer thin �lms at different supercooling
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009

� C.M. Papadakis, Z. Di, D. Posselt, D.-M. Smilgies
Structural instability in a block copolymer thin �lm during solvent vapor treatment
GISAS 2009, Hamburg, 20 – 23 Sep 2009

� W. Petry
SANS-1, the new Small-Angle Neutron Scattering instrument at the Forschubngs-
Neutronenquelle Heinz Maier-Leibnitz (FRM II)
ICNS 2009, Knoxville, Tenessee, USA, 3 - 7 May 2009

� M. A. Ruderer, S. M. Prams, A. Diethert, R. Meier, G. Kaune, S. V. Roth, P. Müller-
Buschbaum
Temperature in�uence on photoactive polymer blend �lms
HASYLAB Users' Meeting, Hamburg, 30 Jan 2009

� M. A. Ruderer, R. Meier, J. Perlich, G. Kaune, R. Cubitt, M. Haese-Seiler, R. Kampmann, P.
Müller-Buschbaum
Structure control of conjugated block copolymers via adding a homopolymer
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� M. A. Ruderer, R. Meier, J. Perlich, G. Kaune, R. Cubitt, M. Haese-Seiler, R. Kampmann, P.
Müller-Buschbaum
Structural control of conjugated block copolymer �lms via addition of homopolymer
FRM II Users' Meeting, Garching, 25 May 2009

� M. A. Ruderer, R. Meier, J. Perlich, G. Kaune, R. Cubitt, M. Haese-Seiler, R. Kampmann, P.
Müller-Buschbaum
Structure control of conjugated block copolymers via adding a homopolymer
SAS09, Oxford, UK, 13 – 18 Sep 2009

� M. A. Ruderer, S. M. Prams, W. Wang, Q. Zhong, R. Meier, S. V. Roth, P. Müller-Buschbaum
Enhanced light harvesting in semiconducting nanoparticle/polymer composites
GISAS 2009, Hamburg, 20 – 23 Sep 2009

� S. Salzinger, S. Huber, R. Jordan, C.M. Papadakis
Collapse behavior of thermosensitive poly(2-oxazoline) copolymers
DPG Frühjahrstagung, Dresden, 22 – 27 Mar 2009

� S. Salzinger, S. Huber, R. Jordan, C.M. Papadakis
Collapse behavior of thermosensitive poly(2-oxazoline) copolymers
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009

� A. Sepe, Z. Di, C. Darko, D. Posselt, D.-M. Smilgies, A. Timmann, M.A. Singh, C.M. Pa-
padakis
Thermal annealing of thin �lms of lamellar poly(styrene-b-butadiene) diblock copolymers
GISAS 2009, Hamburg, 20 – 23 Sep 2009

� J. Wiedersich, A. Diethert, P. Müller-Buschbaum, W. Petry
Brillouin scattering on thin polymer �lms
Frontiers in Polymer Science, Mainz, 7 – 9 Jun 2009
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� Q. Zhong, W. Wang, A. M. Bivigou-Koumba1, A. Laschewsky, C.M. Pap adakis, M. Haese-
Seiller, R. Kampmann, P. Müller-Buschbaum
Characterization of pMDEGA based hydrogel �lm
FRM II Users' Meeting, Garching, 25 May 2009

9.4 Invited talks at E13

� Prof. Thomas Bein, Chemiedepartment, Ludwig-Maximilian-Un iversit ät, Munich
Tuning functionality and morphology of periodic nanoporous materials
29.01.2009

� Prof. Georg Fytas, Foundation for Research and Technology,Hellas
Tailoring sound propagation by mesoscopic engineering of soft matter
03.02.2009

� David Polster, TU Chemnitz, Chemnitz
Macroscopically and microscopic characterization of surface
05.02.2009

� Prof. Tommy Nylander, Lund University, Sweden
Neutron re�ectometry to investigate the delivery of lipids and DNA to interfaces
09.02.2009

� Dr. Petr �St�epánek, Institute of Macromolecular Chemistry, Prague, Czec h Republic
Hierarchical structure of self-organized microemulsions investigated by SAXS, SANS and USANS
20.04.2009

� Claus Hoejgaard Nielsen, Nanotech, Technical University of Denmark, Copenhagen, Den-
mark
Patterning of ultrathin sensor coatings
29.04.2009

� Alessandro Sepe, Physikdepartment E40, Garching
Magnetic and electronic properties of the Mn:Ge (111) system
08.05.2009

� Prof. Dr. Mukundan Thelakkat, University of Bayreuth, Bayreu th
Block copolymer solar cells - advantages and challenges
19.05.2009

� Dr. Prashant Sinha, Institut f ür Polymerforschung, Dresden
Temperature induced collapse of Na-polyacrylate-Ca(II) coils: A comparative study by SANS and
AFM
27.05.2009

� Prof. Karlheinz Bock, Fraunhofer IZM Assembly and Packing Tec hnologies for Microsys-
tems, Munich
Integration for organic and large area electronics
14.07.2009

� Dr. Sabine Ludwigs, Universit ät Freiburg, Freiburg
From nanostructured block copolymer templates towards organic solar cells
21.07.2009
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� Dr. Taras Slobodskyy, ISS, Forschungszentrum Karlsruhe, Karlsruhe
Surfaces and interfaces for self organization
07.2009

� Dr. Ronald Gebhardt, Chair for Food Process Eng. and Diary Technol., Weihenstephan
GISAXS/SAXS/WAXS with micro-beams: New applications in soft condensed matter
07.2009

� Dr. Chris McNeill, University of Cambridge, UK
Polymer blends for photovoltaics
30.07.2009

� Sebastian Jaksch, Technische Universiẗat Darmstadt
Streuexperimente zur Untersuchung der Tensid Polymer Wechselwirkung in Mikroemulsionen
05.08.2009

� Martin Niedermeier, Walter-Schottky-Institut, Garching
Characterization of plasma-modi�cation of diamond surfaces
08.09.2009

� Lothar Sims, Ludwig-Maximilians-Universit ät, Munich
Devices of organic solar cells
09.09.2009

� Florian Krezschmer, Leibniz-Institut f ür Festkörper- und Werkstoffforschung, Dresden
Magnetization study on quasi-1d spin systems
10.09.2009

� Sushobhan Joshi, Universität Kiel, Kiel
Ef�ciency measurements systems using an asymmetric parameter conversation
11.09.2009

� Dr. Sokol Ndoni, Technical University of Denmark, Copenhage n, Denmark
From self-assembled block copolymers to nanoporous materials
20.10.2009

� Prof. Dr. Hellweg, Physikalische Chemie I, Universit ät Bayreuth, Bayreuth
Dynamics of bicontinuous microemulsions and lipid vesicles
26.10.2009

� Holger Fiedler, TU Berkakademie, Freiberg
The conducting polymer PEDOT
26.10.2009

� Stephan Ratzsch, Friedrich-Schiller-Universit ät, Jena
Investigation of the eBeam resist FEP 171 by modeling and experiments
28.10.2009

� Prof. Peter Schurtenberger, University of Fribourg, Switze rland
Responsive colloids as model atoms with tunable interactions
16.11.2009
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9.5 Funding

� Deutsche Forschungsgemeinschaft:

� Within DFG priority program SPP 1164
Non-equilibrium �ow at gradient surfaces: Fluid kinetics of droplets andparticle motion
Grant Number: MU 1487/2-3
Project Leader: Prof. Peter Müller-Buschbaum

� Within DFG priority program SPP 1181
Nanostrukturierte Filme aus selbstkapselnden anorganisch-organischen Hybridmaterialien
Grant Number: MU 1487/5-1
Project Leader: Prof. Peter Müller-Buschbaum

� Within DFG priority program SPP 1181
Hierarchisch strukturierte Filme aus selbstkapselnden anorganisch-organischen Hybridmaterialien
Grant Number: MU 1487/5-2
Project Leader: Prof. Peter Müller-Buschbaum

� Ein�uss von Grenz�ächeneffekten auf die Adhäsion weicher Polymere
Grant Number: MU 1487/6-1
Project Leader: Prof. Peter Müller-Buschbaum

� Within DFG priority program SPP 1259
Struktur und Kinetik stimuli-rexponsiver, dünner Hydrogel�lme aus amphiphilen Blockcopolyme-
ren
Grant Number: MU 1487/8-2
Project Leader: Prof. Peter Müller-Buschbaum

� Within DFG priority program SPP 1239
Änderung von Mikrostruktur und Form fester Werkstoffe durch äußere Magnetfelder
Grant Number: NE 1405/1-2
Project Leader: Dr. J̈urgen Neuhaus

� Steigerung der Berechnungsgenauigkeit der Eigenspannungsverteilung im Aluminiumformguss
mittels Neutronendiffraktometrie
Grant Number: PE 580/6-2
Project Leader: Dr. Michael Hofmann

� Rolle der Mikrospannungen bei der Eigenspannungsanalyse mittels Neutronenbeugung in mehr-
phasigen Hochleistungslegierungen
Grant Number: PE 580/7-1
Project Leader: Prof. Winfried Petry

� Inelastische Neutronenstreuung bei hohen Temperaturen und Drücken zur Aufklärung der
Lösungs- und Transportmechanismen von Wasser in wasserhaltigenSilikatschmelzen
Grant Number: PE 580/8-3
Project Leader: Prof. Winfried Petry

� Thin Films of Crystalline Diblock Copolymers: Crystalline and Mesoscopic Structures and their
Macroscopic Alignment
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Grant Number: PA 771/3-1, Folgeprojekt PA 771/3-2
Project Leader: Prof. Christine M. Papadakis

� Within DFG priority program SPP 1259
Struktur und Kinetik stimuli-responsiver, dünner Hydrogel�lme aus amphiphilen Blockcopolyme-
ren
Grant Number: PA 771/4-1, Folgeprojekt PA 771/4-2
Project Leader: Prof. Christine M. Papadakis

� Multicompartment systems based on poly (2-oxazoline)s
Grant Number: PA 771/6-2
Project Leader: Prof. Christine M. Papadakis

� Lokale Viskosität und Dichte in der Grenzphase von Polymeren an einerfesten Grenz�äche -
Fluoreszenz-Korrelationsspektroskopie und Neutronenre�ektrometrie
Grant Number: PA 771/7-1
Project Leader: Prof. Christine M. Papadakis

� Bundesministerium für Bildung und Forschung:

� Entwicklung und Aufbau von muSISAXS am muSAXS/WAXS Instrument am Synchroton
PETRA III
Grant Number: 05KS7WO1
Project Leader: Prof. Peter Müller-Buschbaum

� Others:

� Research Cooperation Johannes Gutenberg-Universität Mainz
Feldtheoretische Beschreibung von Eigenschaften weicher kondensierter Materie
Project Leader: Prof. Winfried Petry

� International Graduate School: Material Science of Complex Interfaces
Thin �lms of photoactive semi-conducting polymers with incorporated metal nanoparticles
Project Leader: Prof. Peter Müller-Buschbaum

� International Graduate School: Material Science of Complex Interfaces
Strukturelle Änderungen in nanostrukturierten Blockcopolymer�lmen - Zeitaufgel¨oste in-situ-
Untersuchungen mit Röntgenkleinwinkelstreuung unter streifendemEinfall
Project Leader: Prof. Christine M. Papadakis

� Copenhagen Munich Center of Soft Nanostuctured Material (CMC-SNN)
Incentive Fund for Research Collaborations between Technische Universität München and the Da-
nish Technical University
Project Leader: Prof. Christine M. Papadakis, PD Dr. Rainer Jordan (Department Chemie,
Technische Universität München), Prof. Martin E. Vigild (Department of Chemical Eng i-
neering, Danish Technical University)

� Incentive Fund for Research Collaborations between Technische Universität München and
the Technical University of Denmark
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Crystalline, mesoscopic and long-range order in thin �lms of crystalline block copolymers
Project Leader: Prof. Christine M. Papadakis, Dr. Jens Wenzel Andreasen (Risø National
Laboratory, Technical University of Denmark)

� International Graduate School of Science and Engineering (IGSSE)
Preparation and characterization of functional nanocomposites bydirected assembly of modi�ed
carbon nanotubes in block copolymer matrices
Project Leader: Prof. Christine M. Papadakis, PD Dr. Rainer Jordan (Department Chemie,
Technische Universität München)
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10 The chair

10.1 Graduations

� Accomplished PhD thesis

Jan Perlich
Nanostrukturierte Filme aus anorganisch-organischen Hybridmaterialien für die Photovoltaik

Fan Yang
Dynamics of water bearing silicate melts as seen by quasielastic neutron scattering at high
temperature and pressure

� Accomplished diploma thesis

Stefan Prams
In situ Untersuchung der Morphologie leifähiger Polymer�lme für die Anwendung in Solarzellen

Oleksandr Khegai
Optimierung von spektral-räumlichen Bildgebungssequenzen für hyperpolarisierte 13C Magne-
tresonanzbildgebung

� Accomplished master thesis

Xin Xia
Nanostructured diblock copolymer �lms embedded with magnetic nanoparticles

Matthias Hirzinger
Physikalische Grundlagen der Leistungsparameter und Zuverlässigkeit von thermoelektrischen
Wandlern

� Accomplished bachelor thesis

Ahmed Omran
Magnetische Eigenschaften magnetischer Nanoteilchen in einer Diblock-Kopolymer-Matrix

Fabian Markl
Structuring of an electronblocking PEDOT:PSS layer in organic electronics

Marta Krawczyk
Characterization of diblock copolymer �lms for application in photovoltaics

Matthias Demharter
Optical properties of polymer �lms in photovoltaics



A NNUAL REPORT 2009 PHYSIK -DEPARTMENT E13 133

10.2 Staff

Chair: Prof. Dr. Winfried Petry
Head: Prof. Dr. Peter Müller-Buschbaum

Professors

Prof. Dr. Christine M. Papadakis
Prof. Dr. Walter Schirmacher

Fellows

Dr. Ralf Gilles
Dr. Michael Hofmann
Dr. Ezzeldin Metwalli Ali
Dr. Volker K örstgens
Dr. Jürgen Neuhaus
Dr. Tobias Unruh
Dr. Johannes Wiedersich

PhD students

Josef Adelsberger
Harald Breitkreutz
Sebastian Busch
Zhenyu Di
Alexander Diethert
Semih Ener
Anastasia Golosova
Rosemarie Hengstler
Christian Hesse
Tilo Hoppe
Rainer Jungwirth
Gunar Kaune
Robert Meier
Andreas Meier-Koll
Martin Niedermeier
Jan Perlich
Katharina Rolfes
Monika Rawolle
Julia Repper
Matthias Ruderer
Wolfgang Schmid
Martin Schmiele
Alessandro Sepe
Roxana Valicu
Weinan Wang
Fan Yang
Qi Zhong
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Diploma students

Stefan Dirndorfer
Christoph Geissinger
Stefan Guldin
Tim H ülsheger
Michael Jungwirth
Andreas Nathan
Stefan Prams
Markus Schindler

Master students

Hsin-Yin Chiang
Matthias Hirzinger
David Magerl
Besira Mekonnen Mihiretie
Mahmout Rabie
Xin Xia

Bachelor students

Matthias Demharter
Marta Krawczyk
Fabian Markl
Ahmed Omran

Students assistants

Christopher Birkenstock
Nicolas H örmann
Martin M üller
Alexandra M ünzer
Maria Pilar Garces
Günther Reithmaier
Annkatrin Sommer
Constantin Tomaras

Technical/administrative staff

Philipp Bork
Petra Douglas
Susanna Fink
Reinhold Funer
Lukas Hein
Tobias Heller
Werner Hornauer
Raffael Jahrstorfer
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Josef Kaplonski
Dieter M üller
Jandal Ringe
Günther Seidl

10.3 Guests

� Nora Kristen, Technische Universit ät Berlin
04.-06.02.2008

� Claus Hoejgaard Nielsen, Technical University of Denmark
27.04.-01.05.2009

� Prof. Andr é Laschewsky, Anna Miasnikova, Universit ät Potsdam
13.05.2009

� Achille Mayelle Bivigou Koumba, Universit ät Potsdam
14.-18.09.2009

� Prof. Andr é Laschewsky, Universit ät Potsdam
09.11.2009


	Water based polymer systems
	Brillouin light scattering study of mechanical properties of the thermo-responsive polymer PNIPAM
	Volume phase transition of poly(styrene-b-(N-isopropylacrylamide)) block copolymer in water
	Structure and dynamics of thermo-responsive block copolymer hydrogels
	Gold coated end-capped PNIPAM thin films
	Characterization of thin hydrogel films based on PMDEGA

	Thin polymer films
	Flow of droplets on inclined surfaces
	Periodic nanostructures of colloidal thin films via wetting and evaporation
	Structures of monodisperse polystyrene nanospheres on a rough solid support
	Advanced sample preparation for density and viscosity measurements of polybutadiene melts at the polymer-solid interface
	Near-surface composition profiles of pressure sensitive adhesive films
	Detection of the surface energy of PSA films by contact angle measurement
	Interface induced morphology transition in tri-block copolymer films swollen with low molecular weight homopolymer
	Kinetics of structural changes in thin block copolymer films during thermal treatment
	Induced orientational order in diblock copolymer thin films via directional solvent vapor-flow
	Structural changes of thin block copolymer films in selective solvent vapor
	Structural changes in a lamellar block copolymer thin film during solvent vapor treatment below saturated pressure

	Polymer films for applications in photovoltaics
	Crystallinity of P3OT in thin polymer films
	Analysis of solvent residuals in thin films of conducting polymers
	Modification of the electrical conductivity in conjugated polymer films
	Thin photoactive polymer blend films on structured substrates: A GISAXS study
	Photophysics and photocurrent generation in polythiophene/polyfluorene copolymer blends
	Structuring of an electron-blocking PEDOT:PSS layer in organic solar cells
	Structured photoactive layers for improved light absorption in organic photovoltaics

	Polymer-hybrid systems
	Controlling the morphology of thin titania films for applications in hybrid inorganic-organic solar cells
	Hierarchically structured TiO2 films prepared by polymer/colloidal templating
	Layer-by-layer fabrication of hierarchical structures in sol-gel templated thin titania films
	Custom tailored titania nanostructures for application in hybrid photovoltaic systems
	Controlled embedding of semiconducting nanoparticles in a conducting polymer template
	Possibility of magnetoelastic effects in magnetic nanoparticle diblock-copolymer nanostructures
	Direct polymer grafting on carbon nanotubes by means of SIPGP
	Real time GISAXS investigation of cobalt metal deposition onto a polymer template

	Biopolymers
	Pico- to nanosecond dynamics in phospholipid membranes
	Influence of film morphology on the swelling of thin casein films 
	Structural changes of casein micelles in rennin gradient films

	Alloys
	Phonon properties of Ni-Mn-Ga shape memory alloys in martensite and austenite phases
	Irradiation induced creep and growth of zirconium-based alloys for PWR guide tubes

	Methodological and instrumental developments
	In situ characterization of polymer nanostructures with a new developed combination of GISAXS and imaging ellipsometry
	Selected activities of the HEU-MEU group at FRM II in 2009
	Heavy ion irradiation of several kinds of UMo/Al samples (R. Jungwirth)
	Sputtering of monolithic UMo folis (W. Schmid)
	Tensile tests on monolithic samples (S. Dirndorfer)
	Coupled 3D neutronic thermohydraulic calculations (H. Breitkreutz)

	Effect of macroscopic relaxation on residual stress analysis by diffraction methods
	Raman and inelastic neutron scattering study of niobium-phosphate glass for Raman gain applications

	Teaching and conferences
	Lectures, seminars and lab courses
	Conferences

	Publications, talks and funding
	Publications
	Talks
	Posters
	Invited talks at E13
	Funding


