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Title picture:
The tandem Fabry-Perot experiment is getting its �rst light j ust before the end of the year
after a major upgrade over the last couple of months. Due to ol d age, the Ar laser had to
be replaced by a solid state Nd:YAG laser and the chance was taken to overhaul the whole
instrument as well (see reports 6.2 and 6.3). The center of the image shows the new sample
cell during testing.
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Preface

It is a great pleasure to present the 2007 annual report of the chair E13 at the Physics Depart-
ment of TU München. Our research activities cover a broad ra nge from soft matter physics to
instrumental and methodical developments. We examine the p hysical fundamentals of mate-
rial properties using, among others, scattering methods (n eutron, x-ray and light scattering).
The general goal of our research is to understand the functio nal characteristics of condensed
matter from the knowledge of the microscopic dynamics and st ructure.
In 2007 we extended our research activities to cover the �elds of water-based polymer sys-
tems, polymer thin �lms, polymer hybrid systems, biopolymer s and solid state dynamics in
the soft matter area. Accompanied with this extension was an increase in funding, instru-
mentation and chair members. In 2007 the chair E13 comprised 17 fellows, 15 PhD students,
4 diploma students, 1 bachelor student, 7 student assistants and 11 administrative and tech-
nical staff members. Newly obtained instruments were a whit e-light interferometer, a second
imaging ellipsometer coupled with a second atomic force mic roscope and an home-built high-
pressure and high-temperature cell. In the last quarter of 2 007 the refurbishment of the E13
light scattering laboratory was started by Dr. Johannes Wie dersich who is newly heading this
laboratory. In addition to the activities in the E13 laborat ories, the instrument TOF-TOF at the
research reactor FRM-II was operated and upgraded.
Several scienti�c workshops and symposia were organized by E 13 members in 2007. Prof.
Schirmacher organized the 31th Edgar-Lüscher-Seminar in Zwiesel as well as vocational
training in Dillingen. Prof. Papadakis organized an inform ation lecture for female scientists.
In the framework of the spring meeting of the Division Conden sed Matter of the Deutsche
Physikalische Gesellschaft (DPG) Prof. Müller-Buschbaum organized a special symposium
on ”Bio-inspired Materials” together with Prof. Dr. Eduard A rzt (MPI für Metallforschung
Stuttgart) and Prof. Dr. Peter Fratzl (MPI Potsdam) and a second special symposium on
”Scattering experiments on soft-condensed matter systems– new techniques and experimen-
tal possibilities” together with Prof. Dr. Thomas Thurn-Al brecht (Universität Halle) in Re-
gensburg. Moreover, he organized jointly with Dr. Stephan Ro th (HASYLAB) and Dr. Rainer
Gehrke (HASYLAB) the second workshop on ”GISAXS – an advanced scattering method” in
Hamburg and a �rst Bilateral Colloquium TUM- HASYLAB entitled ”The polymer-metal in-
terface (Real-time observation of metal-on-polymer depos ition kinetics)” at the TU München.
All E13 members were very active at conferences and workshops, participating with talks and
posters.
Regarding teaching activities of E13 we covered a large part of the export lectures: mechan-
ical engineering (Prof. Müller-Buschbaum), teaching at c olleges BT / ET / MT / EI (Prof.
Papadakis) and teaching at colleges AW / EH / PF (PD Doster). P rof. Papadakis was the
women's representative of the Physics Department.
This annual report comprises a selection of the different re search topics and projects carried
out in the individual groups of E13. It highlights the engage d and successful research activi-
ties and collaborations with other groups and large scale fa cilities. I wish all E13 members a
fruitful continuation and a successful year 2008.

Peter Müller-Buschbaum March 2008
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5.10 Mößbauer spectroscopy and nuclear inelastic scattering studies on a polynu-

clear oxo-bridged iron catalyst - �rst results . . . . . . . . . . . . . . . . . . . . . 93

6 Instrumental and methodical developments 97
6.1 Status of the instrumentation at the Forschungsneutronenquelle Heinz Maier-

Leibnitz (FRM II) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
6.2 Upgrade of the tandem Fabry-Perot interferometer . . . . . . . . . . . . . . . . . 98
6.3 Characterisation of the upgraded Fabry-Perot interfer ometer . . . . . . . . . . . 100
6.4 Implementation and testing of a GISAXS �uidic cell . . . . . . . . . . . . . . . . 102
6.5 Time-of �ight grazing incidence small angle neutron sca ttering . . . . . . . . . 104
6.6 Spectral �uence rates of the fast neutron beam MEDA PP at FRM II . . . . . . . . 106
6.7 Heavy ion bombardment of UMo/Al dispersionn fuel . . . . . . . . . . . . . . . 109
6.8 In�uence of microstructural parameters on macro residu al stress analysis . . . 110
6.9 Manufacturing of monolithic U-Mo test fuel plates by catho de erosion . . . . . 112

7 Outreach 115
7.1 Electronic repository of student's problems . . . . . . . . . . . . . . . . . . . . . 115
7.2 Report of the women's representative of the Physics Department . . . . . . . . 117



6 PHYSIK -DEPARTMENT E13 ANNUAL REPORT 2007

8 Teaching and conferences 118
8.1 Lectures, seminars and lab courses . . . . . . . . . . . . . . . . . .. . . . . . . . 118
8.2 Conferences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 119

9 Publications, talks and funding 146
9.1 Publications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 146
9.2 Talks given by members of E13 . . . . . . . . . . . . . . . . . . . . . . . .. . . . 150
9.3 Poster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 159
9.4 Invited talks at E13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 164
9.5 Funding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .165

10 The chair 168
10.1 Graduations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 168
10.2 Staff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 168
10.3 Guests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 169



A NNUAL REPORT 2007 PHYSIK -DEPARTMENT E13 7

1 Water-based polymer systems

1.1 In�uence of polymer architecture of amphiphilic poly(2 -oxazoline) copoly-
mers on the aggregation and aggregate structure

T. B. Bonné, K. Lüdtke 1, R. Jordan1, P. �St�epánek2, C. M. Papadakis

1 Lehrstuhl für Makromolekulare Stoffe, Department Chemie , TU München
2 Institute of Macromolecular Chemistry, Academy of Science s of the Czech Republic, Prague

Micelle formation is frequently encountered in amphiphilic block copolymers in aqueous so-
lution [1]. The critical micelle concentrations (CMC's) are typically low ( 10� 8 � 10� 2 M), and
above this concentration, micelles of core-shell type are formed. The architecture of the block
copolymers (e.g. diblock, triblock or random copolymers) h as a strong in�uence on the size
and structure of the micelles because the polymers tend to optimize both, the hydrophobic
interaction and the entropic contributions related to stre tching or coiling.

Figure 1.1:
(a) Structure of a 2-oxazoline monomer. Chosing methyl or n-nonyl for the side group R
leads to hydrophilic or hydrophobic monomers MOx and NOx, re spectively. (b) Normal-
ized FCS intensity autocorrelation functions of aqueous so lutions of the triblock copoly-
mer P(MOx20-b-NOx 7-b-MOx 14) (the subscripts denote the degrees of polymerizations) at
polymer concentrations 1 � 10� 8 M (N), 1 � 10� 6 M (4 ), 1 � 10� 5 M (H), and 6 � 10� 4 M
(5 ).

We have studied poly(2-oxazoline) copolymers which offer t he possibility to tailor am-
phiphilic polymers of comparable composition but differen t polymer architecture (Fig. 1.1a).
For poly(2-alkyl-2-oxazoline)s, the water solubility can be controlled by altering the nature of
the substitution in the 2-position. In case of long alkyl cha ins such asn-nonyl, the monomer
unit is of amphiphilic nature with the structure of a non-ion ic polysoap with at polar back-
bone and a water-insoluble side group. The aggregation behavior of copolymers containing
both, water-soluble and soap-like monomers, is thus expected to be more complex than the
one of the usual copolymers with water-soluble and water-in soluble monomers.
We present here results from aqueous solutions of ABA triblo ck copolymers, P(MOx-b-NOx-
b-MOx) (MOx and NOx stand for 2-methyl-2-oxazoline and 2- n-nonyl-2-oxazoline, respec-
tively), AB diblock copolymers, P(MOx- b-NOx), and a gradient copolymer, P(NOx- g-MOx),
with the focus on the CMC and the hydrodynamic radii of the solu bilized unimers and the
aggregates [2,3]. The polymers were synthesized using living cationic polymerization. All
copolymers were of low molar mass ( 4000� 6300g/mol) and had similar volume fractions of
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NOx (0.27-0.43). A fraction of these polymers had been �uore scence-labeled with tetramethyl-
rhodamine isocyanate (TRITC). This enabled us to carry out t racer diffusion measurements
with �uorescence correlation spectroscopy (FCS) using the identical, �uorescence-labeled
polymers as tracers. In this way, a large concentration range could be covered (10� 8 � 10� 3

M).

Figure 1.2:
Sketch of the micelles formed by (a) diblock,
(b) triblock and (c) gradient copolymers. The
circles indicate the surfaces of the micellar
core and the micellar shell, respectively. The
thick gray lines repesent the hydrophilic back-
bone and the thin black lines the n-nonyl side
groups. For clarity, only a single polymer is
shown per micelle, even though they consist
of a number of polymers.

We have found that the aggregation behavior of di- and triblo ck copolymers is very similar:
The FCS intensity autocorrelation functions show a single, fast decay below the CMC – in this
case3 � 2 � 10� 6 M – and an additional slower decay above (Fig. 1.1b). As expected, the
CMC of a triblock copolymer with identical NOx block, but long er hydrophilic MOx blocks,
P(MOx30-b-NOx 7-b-MOx 26) is, within the uncertainty, the same: The CMC largely depend s
on the degree of polymerization of the hydrophobic block. Fr om the diffusion times deduced
from the autocorrelation functions, the hydrodynamic radi i of the unimers and the micelles
were found to be � 1 nm and � 6 nm, respectively, for both triblock copolymers. As expecte d
from the steric demands, the micelles are a factor of two smal ler the ones formed by diblock
copolymers having similar block molar masses [2] (Fig. 1.2a,b).
A P(MOx 40-g-NOx 6) gradient copolymer shows a distinct CMC as well – 8� 3� 10� 6 M – and
aggregates having a hydrodynamic radius of � 5 nm, i.e. much smaller than the ones formed
by the corresponding diblock copolymers. We suggest that th ese micelles are not of core-
shell type, but rather the n-nonyl side groups aggregate with the polymer backbone part ly
wrapping around (Fig. 1.2c). The relatively high value of th e CMC points to a stabilization of
the unimers, possibly due to intramolecular aggregation of the n-nonyl side groups.
We conclude that FCS is a sensitive method which allows to characterize the aggrega-
tion behavior of amphiphilic polymers in dependence of poly mer architecture. The use of
�uorescence-labeled polymers being identical to the ones u nder study allows the reliable de-
termination of very low CMC's and to determine hydrodynamic r adii of unimers and aggre-
gates.
This project was funded by DFG (Pa 771/2-1).

[1] P. Alexandridis, B. Lindman (Eds.): Amphiphilic block copolymers: Self-assembly and applications,
Elsevier, Amsterdam (2000)

[2] T. B. Bonné, K. Lüdtke, R. Jordan, P. �St�epánek and C. M. Papadakis, Coll. Polym. Sci. 282, 833
(2004)

[3] T. B. Bonné, K. Lüdtke, R. Jordan and C. M. Papadakis, Macromol. Chem. Phys. 208, 1402 (2007)
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1.2 Role of the tracer in characterizing the aggregation beh avior of aqueous block
copolymer solutions using �uorescence correlation spectr oscopy

T. B. Bonné, K. Lüdtke 1, R. Jordan1, C. M. Papadakis
1 Lehrstuhl für Makromolekulare Stoffe, Department Chemie , TU München

Fluorescence correlation spectroscopy (FCS) allows the determination of diffusion coef�cients
of �uorescent molecules in solution by measuring their aver age diffusion times through the
detection volume, which is as small as � 1 � m3 [1]. By means of the Stokes-Einstein equation,
the hydrodynamic radii of the molecules or their aggregates can be determined. To maximize
the relative intensity �uctuations, low concentrations of the �uorescent molecules (below � 1
� M) are required. In solutions of amphiphilic copolymers, how ever, a concentration range
over several orders of magnitude needs to be investigated to characterize their complex phase
behavior, e.g. the unimer-to-micelle transition and gel fo rmation. This can be realized by
carrying out tracer experiments with �uorescence-labeled molecules as tracers in a solution
of non-labeled polymers.
We focus here on the choice of the tracer. Commercially available, low-molecular �uorescent
dyes, which are poorly water-soluble, have previously been used as tracers for determining
the critical micelle concentration (CMC) and micellar hydro dynamic radius of amphiphilic
block copolymers in solution [2]. However, when increasing the polymer concentration from
the unimer to the micellar regime, instead of the usually obs erved sharp CMC a broad transi-
tion range was observed with the micellar size increasing wi th polymer concentration.

Figure 1.3: Structures of Rh6G (a) and of P(NOx10-b-MOx 32)-TRITC (b).

In order to clarify the role of the tracer, we have used as trac ers both, a low-molecular �uo-
rescent dye and an amphiphilic diblock copolymer identical to the one under study, which
was �uorescence-labeled at the hydrophilic terminus. In ou r previous detailed study on an
amphiphilic diblock copolymer [3], poly(( n-nonyl-2-oxazoline) 7-b-(2-methyl-2-oxazoline)40),
P(NOx7-b-MOx 40), in aqueous solution using the identical, �uorescence-la beled diblock
copolymer as a tracer, we have found a sharp CMC. Above the CMC, m icelles having a
concentration-independent hydrodynamic radius were obse rved using FCS, which was iden-
tical to the one found in dynamic light scattering (DLS) expe riments on the non-labeled poly-
mers. This system is thus an ideal model system to determine the role of the tracer.
The system chosen was a poly((n-nonyl-2-oxazoline) 10-b-(2-methyl-2-oxazoline)32), P(NOx10-
b-MOx 32), diblock copolymer in aqueous solution in a concentration range of 10� 8 � 10� 2
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M [4]. In analogy with P(NOx 7-b-MOx 40), P(NOx10-b-MOx 32) is expected to show a sharp
unimer-to-micelle transition at the critical micelle conc entration (CMC). As a low molar mass
tracer, rhodamine 6G (Rh6G) was chosen (Fig. 1.3a). The Rh6Gconcentration in the poly-
mer solutions was kept below 10� 8 M. As a polymeric tracer, P(NOx 10-b-MOx 32) labeled
with tetramethylrhodamine isocyanate (TRITC) was used, i. e. P(NOx10-b-MOx 32)-TRITC (Fig.
1.3b). Its concentration in the polymer solution was kept be low 10� 6 M.

Figure 1.4:
(Apparent) hydrodynamic radii as a function of poly-
mer concentration as determined by FCS on P(NOx10-b-
MOx 32) using different tracers. ( � ) Solutions containing
only labeled copolymers. ( � Solutions containing both
non-labeled and labeled copolymers. (?) Solutions con-
taining non-labeled copolymers and Rh6G. ( N) DLS re-
sults on non-labeled copolymers.

The (apparent) resulting hydrodynamic radii of the unimers and micelles are given in Fig.
1.4. Using the polymeric tracer, unimers of a size of 1:3 � 0:2 nm are observed below a con-
centration of (11 � 7) � 10� 6 M, the CMC. Above, micelles are present as well, having a
concentration-independent hydrodynamic radius of 11:3 � 0:9 nm. These results are in line
with the ones obtained with P(NOx 7-b-MOx 40). Using Rh6G as a tracer, it is found that only
monomeric Rh6G is present below the CMC. Above, micelles are observed as well, but their
hydrodynamic radius apparently increases and reaches the v alue determined with the labeled
copolymers and with DLS only � 2 decades above the CMC.
Since this increase is neither observed with the polymeric t racers nor with DLS on non-labeled
copolymers, it must be related to the nature of the low-molec ular dye. We attribute the ap-
parent increase of the micellar size to the fast exchange of the dye between the micelle and
the aqueous surrounding: During the diffusion of the micell e through the FCS detection vol-
ume, the dye is attached to the micelle only for a certain frac tion of time and it is free for the
remaining time fraction. In a concentration range just abov e the CMC, the probability that the
dye is attached to a micelle is decreased because the number of micelles is low.
We conclude that by means of commercially available, low-mo lecular dyes, the CMC can be
determined reliably, however, the micellar size is only rec overed far above the CMC.
This project was funded by DFG (Pa 771/2-1).

[1] R. Rigler, E. Elson (Eds.):Fluorescence correlation spectroscopy. Theory and applications, Springer,
Berlin (2000) S.T. Hess, S. Huang, A.A. Heikal, W.W. Webb, Biochemistry 41, 697 (2002)

[2] H. Schuch, J. Klingler, P. Rossmanith, T. Frechen, M. Gerst, J. Feldthusen, A.H.E. Müller, Macro-
molecules 33, 1734 (2000). K. Loos, A. Böker, H. Zettl, M. Zhang, G. Krausch, Macromolecules
38, 873 (2005)

[3] T. B. Bonné, K. Lüdtke, R. Jordan, P. �St�epánek and C. M. Papadakis, Coll. Polym. Sci. 282, 833
(2004)

[4] T. B. Bonné, C. M. Papadakis, K. Lüdtke, R. Jordan, Coll. Polym. Sci. 285, 491 (2007)
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1.3 Micellar structures of hydrophilic-lipophilic and hyd rophilic-�uorophilic
poly(2-oxazoline) diblock copolymers in water

R. Ivanova, T. B. Bonné, T. Komenda1, K. Lüdtke 1, R. Jordan1, K. Mortensen2,
P. K. Pranzas3 and C. M. Papadakis

1 Department Chemie, TU München
2 Department of Natural Sciences/Biophysics, Copenhagen Un iversity, Denmark
3 Institut für Werkstoffforschung, GKSS-Forschungszentr um Geesthacht

Amphiphilic block copolymers associate in aqueous solutio n reversibly into micelles, similar
to low molar mass amphiphiles (e.g. [1]). Whereas the aggregation behavior of hydrophilic-
hydrophobic copolymers is well studied, reports on amphiph ilic polymers containing �u-
orophilic moieties are still rare. What is more, the presenc e of �uorophilic moieties in the
polymer structure offers the possibility to achieve the sup erstrong-segregation regime at low
degrees of polymerization, which is of fundamental as well a s practical interest, e.g. in de-
signing multicompartment micelles or gels. Poly(2-oxazol ine)s are a very versatile system to
study the aggregation behavior as a function of the polymer a rchitecture and the hydrophilic-
lipophilic balance since a broad variety of tailored copoly mers with diverse architectures and
block solubilities can be synthesized by varying the substi tution in the 2- position of the 2-
oxazoline monomer unit [2].
We have studied in detail the micellar structure in aqueous s olutions of two poly(2-
oxazoline) diblock copolymers, a lipophilic-hydrophilic poly[(2- n-nonyl-2-oxazoline) 10-b-
(methyl-2-oxazoline) 32], P(NOx10-b-MOx 32), and a hydrophilic-�uorophilic poly[(2-(methyl-
2-oxazoline)40-b-(2-(1`H,1`H,2`H,2`H-per�uorohexyl)-2-oxazoline) 6)], P(MOx40-b-FOx6). The
subscripts denote the number-average degrees of polymerization of the blocks. These copoly-
mers have almost identical block lengths, and differ only in the chemical nature of the hy-
drophobic segment, thus enabling the study of the in�uence o f the per�uorinated side chains
on the internal structure of the equilibrium micelles. By me ans of small angle neutron scat-
tering (SANS) using mixtures of D 2O and H 2O in order to contrast-match either block, we
have determined the size and the shape of the micellar core and corona separately. In addi-
tion, the micelles formed by P(MOx 40-b-FOx6) were visualized using transmission electron
microscopy (TEM).
Upon dissolution in water at room temperature, P(NOx 10-b-MOx 32) diblock copolymer forms
large aggregates (hydrodynamic radius of � 140 nm) in addition to the micelles con�rm-
ing our previous �uorescence correlation spectroscopy (FC S) and photon correlation spec-
troscopy (PCS) results [3]. The aggregates - which are presumably due to the strong asso-
ciation via the nonyl side chains of the lipophilic blocks in the bulk state - dissolve upon
annealing the solutions at elevated temperatures, and only equilibrium micelles (hydrody-
namic radius of 11-13 nm) remain. The equilibrium micelles a re of core- shell type and have
a spherical shape as evidenced by the symmetric shape of the distance distribution function
[4] (Fig. 1.5).
Comparing the core radius determined to 2.6 nm to the estimat ed fully stretched backbone
length of the NOx n block (3.7 nm) and to the unperturbed radius of gyration (1.2 nm), we
conclude that the core NOxn block is stretched. The corona thickness of 3.9 nm is signi�-
cantly lower than the fully stretched MOx 32 backbone length of 12.2 nm, which means that
the MOx 32 block is rather coiled than stretched. Therefore, the brush model of grafted, �exi-
ble, neutral polymer chains in good solvent by Alexander and de Gennes [5] is more suitable
to describe the conformation of the corona blocks. Indeed, t he thickness of the polymer brush
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Figure 1.5:
SANS intensity pro�les together with the distance distribu tion functions of (a,b) P(NOx 10-
b-MOx 32) and (c,d) P(MOx40-b-FOx6) diblock copolymers. The SANS curves were ob-
tained from D 2O/H 2O solutions with the MOx-blocks being contrast-matched, i. e. only
the micellar core is visible. The distance distribution fun ctions were calculated following
the method of Glatter [4].

estimated to 3.8 nm is very close to the corona thickness, which indicates that the MOx n blocks
adopt a polymer brush conformation.
The chain stretching of the core block is due to the stericall y demanding n-nonyl side groups
and hence, the large conformational asymmetry of the dibloc k copolymer. The NOx n block
is stiff due to its bulky n-nonyl side chains, whereas the MOxn block is much more �exible.
Hence, the MOxn block will tend to coil and the NOx n block has to stretch to meet the geo-
metrical limits.
In contrast to P(NOx 10-b-MOx 32), the core-shell micelles formed by the hydrophilic-
�uorophilic P(MOx 40-b-FOx6) diblock copolymer are elongated as evidenced by the asym-
metric shape of the pair distribution functions (Fig. 1.5). This is possibly due to the higher
stiffness of the per�uorinated side chains forcing the FOx n backbone to strongly stretch. An-
other possibility is the strong segregation of the FOx n block from the environment, i.e. the
transition into the superstrong- segregation regime, wher e non-spherical micelles have been
theoretically predicted.
The radius and the length of the FOx 6 core amount to 3.7 nm and 13 nm. The micellar core
radius is thus relatively large, indicating strong backbon e stretching of the �uorophilic core
block. The corona thickness is 1.5 nm, which is signi�cantly s maller than the 6.9 nm estimated
for a brush formed by the MOx 40 corona block. We attribute this discrepancy to the strong
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swelling of the corona blocks which is not well described by t he hitherto used core-shell
model with a sharp corona-solvent interface. The elongated shape of the P(MOx40-b-FOx6)
micelles as well as the core dimensions were con�rmed by TEM mi crographs.
We conclude that the structure of micelles from diblock copo lymers containing a �uorinated
hydrophobic block are more complex than the ones formed by di block copolymers containing
a lipophilic block.
This project was funded by DFG (Pa 771/2-1).
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T.B. Bonné, K. Lüdtke, R. Jordan, P.�St�epánek, C.M. Papadakis, Coll. Polym. Sci.285, 491 (2007).

[4] O. Glatter, J. Appl. Cryst. 10, 425 (1977) and13, 577 (1980).

[5] S. J. Alexander, Phys. Paris38, 983 (1977). P. G. de Gennes, Macromolecules13, 1069 (1980).

1.4 Multicompartment hydrogels from lipophilic-hydrophi lic-�uorophilic tri-
block copolymers

R. Ivanova, T. Komenda1, T. B. Bonné, R. Jordan1, K. Mortensen2, P. K. Pranzas3

and C. M. Papadakis

1 Department Chemie, TU München
2 Department of Natural Sciences/Biophysics, Copenhagen Un iversity, Denmark
3 Institut für Werkstoffforschung, GKSS-Forschungszentr um Geesthacht

Amphiphilic copolymers �nd numerous applications, e.g. for drug delivery, as gel formers
or as nanoreactors. Poly(2-oxazoline) block copolymers constitute a very versatile system [1]:
The amphiphilicity can be controlled by the choice of side gr oups (Fig. 1.6), and in aqueous
solution, unimers, micelles or micellar hydrogels are form ed, depending on the block copoly-
mer architecture [2]. Micellar gels with chemically differe nt types of micelles may be achieved
by using triblock copolymers with blocks containing lipoph ilic, hydrophilic and �uorophilic
side groups. Here, the presence of a �uorophilic moiety incr eases strongly the degree of seg-
regation, and multicompartment gels may be formed even at lo w degrees of polymerization.

Figure 1.6:
A poly(2-oxazoline) triblock copolymer with
a lipophilic, a hydrophilic and a �uorophilic
block.

We have used small-angle neutron scattering with contrast m atching to study the struc-
tures of poly(2-oxazoline)-based micellar gels with the fo cus on the question whether
the two end blocks indeed form separate micelles. In order to uniquely inter-
pret the (complex) scattering curves of the micellar gels fo rmed by concentrated solu-
tions of the poly[(2- n-nonyl-2-oxazoline) 12-b-(methyl-2-oxazoline) 64-b-(2-(1`H,1`H,2`H,2`H-
per�uorohexyl)-2-oxazoline) 9], P(NOx12-b-MOx 64-b-FOx9), triblock copolymers, the sizes
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Figure 1.7:
SANS intensity pro�le of a hydro-
gel of P(NOx12-b-MOx 64-b-FOx9)
having a polymer concentration
of 20 wt-%. (� ) experimental
data, dotted line: �tting curve of
P(NOx10-b-MOx 32) (spherical mi-
celles), dashed line: �tting curve
of P(MOx 40-b-FOx6) (elongated mi-
celles). Solid line: weighted sum
of the two �tting curves. In-
set: Schematic representation of the
structure of the multicompartment
hydrogel.

and shapes of the micelles formed by P(NOx10-b-MOx 32) and P(MOx40-b-FOx6) diblock
copolymers in aqueous solutions of lower concentration wer e investigated (see previous re-
port).
Furthermore, experiments on mixtures of micellar solution s of P(NOx10-b- MOx 32) and
P(MOx40-b-FOx6) showed that the micelles formed by the two block copolymers do not mix
but coexist as micelles with pure lipophilic or �uorophilic cores.
The P(NOx12-b-MOx 64-b-FOx9) triblock copolymers form gels above polymer concentratio ns
of 10 wt-%. Their scattering can be described by a coexistence of spherical, lipophilic and
elongated, �uorophilic micellar cores, which are linked by the hydrophilic blocks (Fig. 1.7).
Thus, the system forms a multicompartment gel.
This project was �nancially supported by the DFG (Pa 771/2-1) .
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1.5 The collapse transition of amphiphilic diblock copolym ers with a responsive
hydrophilic block

K. Troll, A. Kulkarni, W. Wang, C. Darko, A.M.Bivigou Koumba 1, A. Laschewsky1,
P. Müller-Buschbaum, C.M. Papadakis

1 Institut für Chemie, Universität Potsdam

The collapse transition of polymers with lower critical sol ution temperature (LCST) behavior
is of great interest for a number of purposes where a strong an d fast change of volume is
desired even for small changes of temperature, such as valves in micro�uidics, but also for
the release of drugs in the body or as sensors. A polymer which is a promising candidate
in this context is poly( N-ispropylacrylamide), PNIPAM [1]. It exhibits a lower crit ical solu-
tion temperature (LCST) of about 32 � C that is due to alterations in the hydrogen-bonding
interactions of the amide group. Traditionally, chemicall y cross-linked hydrogels have been
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Figure 1.8:
(a) Structure of P(S-b-NIPAM). (b) Hydrodynamic radii of ( � ) unimers and ( � ) micelles
from FCS as a function of polymer concentration in aqueous so lution. (c) Thermogram of
an aqueous solution having a concentration of 1.0 mg/ml, hea ting rate 0.5 K/min.

Figure 1.9:
(a) Results from DLS at 0.20 mg/ml. Heating run. Hydrodynami c radii as a function
of temperature. (b) SAXS curves at 30 mg/ml. Heating run. The curves were shifted
vertically.

prepared which show signi�cant macroscopic volume changes a ccompanied by the uptake
and release of water [2].
However, the response times of such thermosensitive hydrog els decrease strongly with in-
creasing size of the gel [3] and become too long for some applications. A recent trend in
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creating responsive, polymeric hydrogels is thus to decrea se the size of the responsive units.
For instance, the micelles formed by block copolymers from P NIPAM and one or two hy-
drophobic blocks constitute building blocks for responsiv e hydrogels which are only of the
order of � 10 nm [4].
We present here a study of the self-assembly and the thermal behavior of a diblock copolymer
from polystyrene (PS) as the hydrophobic block and PNIPAM as the responsive, hydrophilic
block (Fig. 1.8a, Ref. 5). The molar masses of the PS and the PNIPAM block are 5000 and
18000 g/mol, the weight fraction of PNIPAM is thus 78 %. The cr itical micelle concentration
(CMC) has been detected at 0.029 mg/ml (Fig. 1.8b): Below, unimers having a hydrodynamic
radius of 1.0 nm are present in aqueous solution, whereas above, they coexist with micelles
of a hydrodynamic radius of 40 nm. Using microcalorimetry, t he LCST of the PNIPAM block
in the micelle was found at 31.4 � C (Fig. 1.8c), it is thus unchanged from the unimer state.
The mesoscopic processes following the LCST of the PNIPAM blocks have been characterized
using DLS. The collapse transition of the micelles was recovered (Fig. 1.9a), and it was addi-
tionally found that, at temperatures above 40 � C, clusters formed by the collapsed – and thus
water-insoluble – micelles are present as well. The interaction between collapsed micelles
far above the LCST is also revealed in the SAXS curves (Fig. 1.9b): Whereas up to 30� C, the
curves are indicative of polydisperse micelles, above, a correlation peak together with for-
ward scattering is observed. The sphere radius below the LCST is 19 nm, as estimated from a
Guinier analysis. Above the LCST, the average distance between collapsed micelles is 20 nm,
pointing to a collapsed micellar radius of 10 nm. The polymer behaves similar to the diblock
copolymer described by Nuopponen et al. [4] having block mol ar masses of 8000 and 13600
g/mol for PS and PNIPAM, respectively, even though the latter has a lower PNIPAM weight
fraction than our copolymer.
Knowledge of the thermal behavior of the single micelle is par amount for the understanding
of the micellar gels formed at higher concentration.
This project was funded by DFG (Pa 771/4-1) within the priori ty progam SPP 1259 'Intelli-
gente Hydrogele'.
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1.6 Stimuli-sensitive self-organized triblock copolymer micelles
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Stimuli-responsive polymers react strongly to even weak ch anges of their environment and
are therefore of interest for a number of applications, such as drug delivery systems, sensors
and micromechanics [1]. In many applications, chemically c onnected polymer networks have
been used [2], which, however, have the disadvantage that th e response time depends on the
network size and may be too long. An alternative approach is b ased on physically connected
(micellar) gels from amphiphilic block copolymers with a re sponsive hydrophilic block and
a hydrophobic block [3]. They have the advantage that the mic elles are much smaller than
usual chemically connected microgels and that the gels can easily be reshaped.
Three triblock copolymers with polystyrene (PS) end blocks of molar mass 2 300 g/mol
and a poly(N-isopropylacrylamide) (PNIPAM) middle block having differ ent molar masses
(20000� 40000g/mol) were studied. These polymers are water-soluble, hen ce micellar so-
lutions and gels could be prepared by dissolving the polymer s in deionized water (pH =
6). PNIPAM homopolymers shows lower critical solution (LCS T) behavior and has an LCST
temperature of 32� C. The solutions were investigated by dynamic light scatter ing (DLS), �u-
orescence correlation spectroscopy and synchrotron small-angle X-ray scattering (SAXS) at
beamline A2 at HASYLAB, DESY.

Figure 1.10:
SAXS curves of aqueous, micellar solutions of the P(S-b-NIPAM-b-PS) triblock copoly-
mers (1 wt%) having PNIPAM block molar masses of (a) 20 000 g/m ol, (b) 30 000 g/mol
and (c) 40 000 g/mol as a function of temperature. The curves w ere shifted vertically.

The critical micelle concentration and the micellar size we re determined using �uorescence
correlation spectroscopy and dynamic light scattering, re spectively. The triblock copolymer
gels show the lower critical solution temperature (LCST) at 32� C with micellar sizes of � 25
nm below. In �gure 1.10, SAXS curves from three different trib lock copolymer solutions (all at
1 wt.%) are shown. All triblock copolymers show the micellar form factor at low temperature,
the LCST at 32� C and the formation of clusters above the LCST. The Guinier analysis below
the LCST lead to Rg = 6 :6 nm, thus sphere radii of R = 8 :6 nm. Due to the difference in chain
architecture, these micelles are smaller than the ones formed by the diblock copolymers [4].
In summary, the micelles formed by the triblock copolymers s how the collapse of the PNIPAM
shell at 32� C. We could determine the size of the swollen micelles. Above the LCST, the
collapsed micelles form clusters due to physical crosslink ing.
This project was funded by DFG (Pa 771/4-1) within the priori ty progam SPP 1259 'Intelli-
gente Hydrogele'.
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1.7 Thin �lms of poly(N-isopropylacrylamide) end-capped w ith n-butyltrithio-
carbonate

W. Wang, K. Troll, K. Skrabania 1, A. Laschewsky1, C. M. Papadakis, P. Müller-
Buschbaum

1 Potsdam Universität, Inst. Chemie, Potsdam-Golm, Germany

Responsive hydrogels are water-based cross-linked polymer networks that can be switched
between a collapsed and an extended chain conformation by means of various external
stimuli such as temperature, pH, liquid composition, elect ric stimulation [1, 2]. Poly(N-
isopropylacrylamide) (PNIPAM) is one of the prominent tempe rature-sensitive hydrogels be-
cause it has a relatively low collapse transition temperatu re at 32oC [3] and thus slightly less
than body temperature, which makes PNIPAM a representative of enviromental-sensitive
polymers studies for biomedical applications [4]. As pure P NIPAM homopolymer �lms miss
the possibility of internal cross-links to build up a gel, th e addition of hydrophobic chain
ends (e.g. polystyrene, PS) is a simple way to overcome this problem. However, with in-
creasing glassy, hydrophobic block length the ability to sw ell decreases. In case of the triblock
copolymer P(S-b-NIPAM-b-S) bulk compositions with spheric al PS domains and a PNIPAM
continuous phase swelled very well in water, whereas compos ition resulting in cylindrical
PS domains or in the bicontinous gyroid structure in bulk swe lled only by a factor of 3 to
5, respectively. Finally, lamellar compositions did not sh ow any swelling. Along this line
short hydrophobically end-capped PNIPAM chains might be ex pected to exhibit the strongest
swelling thereby maintaining the gel character.
Within the present work we focus on hydrophobically end-cap ped PNIPAM to address
the question if end-capped PNIPAM in thin �lms undergoes micr o-phase separation and
creats an internal structure. At each chain end a very short h ydrophobic end group, n-
butyltrithocarbonate, was chosen (denoted nbc-PNIPAM). A s eries of �lms with thickness
ranging from 2 nm to 240 nm were prepared by spin-coating on pr e-cleaned glass slides. The
�lm thicknesses were measured by X-ray re�ectivity. The stru ctural investigation is based
on X-ray re�ectivity, atomic force microscopy and micro-be am grazing incidence small-angle
X-ray scattering (� GISAX). Thus the surface and the inner �lm structure can be acc essed.
With AFM, the surfaces of the nbc-PNIPAM thin �lms appear smoot h and continuous. Fig.
1.11 shows the example of topography data on a scan size of 1� m � 1� m to emphasize on local
surface structures for �lm thickness of 10, 46 and 240 nm. All �l ms have a surface structure
on the nanometer scale, which is caused by the micelle structure of the nbc-PNIPAM. For 10
nm �lm thickness (Fig. 1.11a) the presence of the micelles as building blocks for the hydrogel
�lm is best seen. With increasing �lm thickness the surface str uctures coarsen laterally, but
decease in height (peak-to-valley amplitude) from 0.8 nm to 0.3 nm. At larger �lm thickness
the attractive surface interaction is weaker for the topmos t nbc-PNIPAM micelles, and a larger
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number of micelles is stacked which allows for an improved sp ace �lling with polydisperse
spherical soft objects.

Figure 1.11:
AFM micrographs show a scan size of 1� m � 1� m to emphasize on local surfaces for �lm
thickness of a) 10, b) 46 and c) 240 nm.

Figure 1.12:
Line cuts from the � GISAX 2d data for a representative selection of different �l m thickness
(5, 7, 8, 22, 35, 74, 154 and 241 nm from bottom to top). a) Detector scans shown as a
function of the detector angle � i +� f and b) out-of plane scans shown as a function of the
qy component of the scattering vector. The solid lines are �ts t o the data. The resolution
limit is shown with the dashed line. From bottom to top the �lm thickness increases and
the curves are shifted along the y-axis for clarity

In contrast to AFM, � GISAX is not limited to the sample surface, but structures in side the
�lm are probed. It is well suited to investigate structures pa rallel to the surface, so called
lateral structures and long ranged correlation. � GISAX was carried out at the beam-line BW4
of the DORIS III storage ring at HASYLAB (DESY, Hamburg). Fig . 1.12a shows the detec-
tor scans. In addition to the Yoneda peaks, strong modulatio ns in the intensity are detected.
These modulations are caused by a partial phase coherence ofX-ray waves diffusely scat-
tered from different interfaces which hints a roughness cor relation between the SiOx surface
and the nbc-PNIPAM surface. From the out-of-plane cuts made at the qz-value of the critical
angle of PNIPAM and showed in Fig. 1.12b, none of the scatteri ng curves exhibits a strong
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intensity peak. Instead, a weak and broad intensity peak at l arge qy values is present and the
intensity rises towards smaller q y values. Thus the thin nbc-PNIPAM �lms exhibit an internal
structure, which differs from a well de�ned micro-phase sepa ration. The presence of a weak
broad, instead of a strong sharp peak, is due to an increased deviation in the nearest neigh-
bor distances from its mean value, typically expressed with a Gaussian-type distribution with
an increased full-width half-maximum. Therefore, in the in vestigated �lms the mean distance
between adjacent regions of hydrophobic n-butyltrithiocarbonate end groups is more broadly
distributed than in systems with long end groups. A reason ca n be the broad distribution of
the micellar size in the solution. The out-of plane cuts are �t ted with a simpli�ed model.
This model accounts for a structure factor due to the distanc e between neighboring domains
of hydrophobic chain ends in the PNIPAM matrix (denoted stru cture factor 1). Moreover,
it includes a structure factor due to the presence of large heterogeneities (denoted structure
factor 2) and takes the experimental resolution into accoun t. Both structure factors are dis-
tributed with a Gaussian-type. The form factor (spherical s hape of the micelles) is omitted
due to the polydispersity of the micelles as probed in soluti on and due to the gelation of the
micelles in the thin �lm. The solid lines in �gure 1.12b show the corresponding �ts to the
out-of plane scans. The resulting mean distance between domains of chain ends is 25 nm.
Comparing this value with the micellar size detected in solu tion shows that the micelles are
indeed bridged and entangled inside the �lm. The resulting di stance corresponding to struc-
ture factor 2 decreases from 600 nm to 400 nm with increasing �l m thickness. In addition, for
�lms with thicknesses lower than 30 nm, structure factor 1 is m ore pronounced than structure
factor 2 while for thicker �lms, the situation is opposite. Th us the heterogeneities are denser
populated in thicker �lms, or in other words, thicker �lms are l ess perfect with respect to the
inner structure. The nature of the heterogeneities remains undetermined, however, errors in
the positioning of hydrophobic domains, such as merging of t wo or more domains, are quite
likely. A possible reason is the increased concentration, which was used in spin-coating �lm
with increased �lm thicknesses. At high concentrations, alr eady in solution larger, entangled
associates of core-shell type micelles might have formed, which embedded in the thin �lm
cause large-scale density inhomogeneities.
As a conclution, thin nbc-PNIPAM �lms are successfully prepa red on SiOx surfaces using
spin-coating. The very short end groups can be regarded as degrarded hydrophobic blocks
of a ABA-type block copolymer (A denoting a hydrophobic and B a thermoseneitive block).
The nbc-PNIPAM �lms exhibit an internal structure due to the m icro-phase separation of the
hydrophilic and hydrophobic segments. The structure is exp ected in the analogy to triblock
copolymer �lms and consists of small spherical domains of hyd rophobic chain ends randomly
distribute in a matrix of PNIPAM.
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2 Polymer thin �lms

2.1 Surface enrichment in statistical copolymer �lms

A. Diethert, P. Müller-Buschbaum

Pressure sensitive adhesives (PSA) 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 [1-4]. Typically, two or three different monome rs are combined in the statistical
copolymer to balance the different requests of the PSA [5, 6]. The adhesive properties of the
PSA �lms are mainly determined by surface-near regions. With x-ray re�ectivity (XRR) the
density pro�le perpendicular to the PSA surface is probed.
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Figure 2.1:
four different possibilities of plotting the XRR data to emp hasize the existence of a surface
layer

We focus on PSA model systems and investigate the dependenceon different monomers of
the copolymer [4]. Because the data analysis is still in progress, we here restrict to one statis-
tical copolymer consisting of 90%ethylhexylacrylate (PEHA) and 10%maleic acid anhydride
(PMSA) [5, 6]. The copolymer �lms were prepared from a toluene s olution by solution casting
on a pre-cleaned glass substrate. By measuring the weight of the sample we estimate a total
�lm thickness of approximately 50 �m . From a naive point of view one would now expect a
homogenous �lm, but the XRR experiment shows that one monomer component is enriched
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at the surface.
The XRR measurements were performed with a Siemens D5000 diffractometer at E21 in the
physics department using a wavelength of 1:54 	A. For the data analysis we used Parratt32, a
simulation tool for neutron and x-ray re�ectivity.
Figure 2.1 shows the re�ected intensity over qz normalized to 1. Different axes are chosen to
pronounce different features of the curve. Figure 2.1c is th e classical plot on a logarithmic
scale. On a double-logarithmic scale in �gure 2.1a one can seethat the critical angle of total
re�ection coincides with the critical angle of the majority component PEHA which is marked
with the left vertical line. Furthermore modulations in the curve which prove the existence
of enrichment layers become visible. In �gures 2.1b and 2.1d t he intensity is multiplied by q4

z
and in 2.1d also the background is substracted. With these tw o curves one can better judge
the quality of the �t which is diplayed with the black solid lin e.
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Figure 2.2:
density pro�le perpendicular to the sample
surface, the solid horizontal lines are guides
to the eye to emphasize the two components
(PEHA and PMSA) of the copolymer (PEHA-
PMSA)

To analyse the data we assume that our sample consists of bulk material and an enrichment
on top. From the �tted density pro�le shown in �gure 2.2 the re�ec tivity is calculated. In
�gure 2.2 the real part of the refractive index � is plotted over z which is perpendicular to the
sample surface (z = 0 ).
A homogenous �lm would have the constant refractive index � = 3 :38� 10� 6 which is marked
with the middle horizontal line. But the plot shows a shoulde r at around z = 10 	A at the
refractive index of PEHA which indicates an enrichment of PE HA at the surface. The curve
reaches its maximum at z = 57 	A, here we have 53% PEHA and 47% PMSA. For higher z-
values the contribution of PMSA decreases and for z > 140 	A we reach the homogenous bulk
material.
To �nd out if there are even lateral structures in the enriched layers grazing incidence small
angle x-ray scattering experiments were performed. Concerning this, data analysis is still
ongoing and more information about the sample system is expe cted.
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2.2 Pressure sensitive adhesive blend �lms for low tack appl ications

P. Müller-Buschbaum, T. Ittner, E. Maurer, V. Körstgens, W . Petry

Pressure sensitive adhesives (PSA) mark one class of adhesives which is characterized by the
presence of re-openable bonds. Typical PSA applications from daily life are stick-on notes,
scotch tape, labels and re-usable packages. Thus PSA offer the opportunity to connect ex-
tremely different materials such as paper, metals, glasses, ceramics and polymers in a re-
useable way. The adhesive properties of PSA strongly depend on the way the bonding was
created. Typical parameters to quantify this history of bon d formation are the applied pres-
sure and the time it was applied. De-bonding becomes possibl e by applying a distinct force.
Typically the performance of PSA is measured in different pr obe test geometries like the peel
or tack test.

Figure 2.3:
a) Optical micrograph picturing the cavitation structure p resent between punch and PSA
�lm at a position in the plateau of the force-distance curve i n case of a PnBA rich blend.
The dark areas represent polymeric material surrounding th e cavities shown in white. The
bar represents a length of 500�m . A circular shaped rim separates the �at PSA �lm from
the surface area which was in contact with the punch. b) Schematic sketch of a horizontal
cut through the polygonal polymer structure surrounding th e macroscopic cavities. Due
to the high level of magni�cation the optically invisible na no-bubbles are visible. The
differences in the real part of the refractive index as detec ted with the X-ray scattering are
sketched with the chosen gray scale. Taken from [4].

A special class of PSA applications strengthens the idea of an easy de-bonding. These low tack
materials, e.g. masking tapes, are commonly used to avoid damage of the material the PSA
is bonded with by requiring only very small forces for the de- bonding. In other applications
low-adhesion provides the possibility to position or reloc ate the adhesive product.
One way of achieving such a characteristic behavior is the addition of a non-tacky component
in order to limit the contact area between the PSA system and t he bonded surface. For exam-
ple inorganic solid particles like glass beads or calcium carbonate are distributed over the
surface of the PSA or dispersed throughout the volume of the P SA. Within the present inves-
tigation we follow the idea of mixing tacky and non-adhesive components to reduce the force
necessary for the de-bonding. Instead of using inorganic �ll er materials a second polymer is
blended. Blending of incompatible polymers adds the possib ility to create marked structures
in the mixed �lm. Thus our model system consists of a tacky poly mer component, typically
characterized by a glass transition temperature below room temperature, and a second glassy
polymer component, with a glass transition temperature sig ni�cantly above room tempera-
ture. In more detail, our model system comprises of two blend ed homopolymers. The one,
poly-n-butylacrylate (PnBA), promotes adhesion. The second, polystyrene (PS), increases co-
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hesion and yields structured �lms, due to the incompatibilit y with PnBA. The tacky compo-
nent, PnBA, was used in several investigations in the past. The non-adhesive component, PS,
was chosen as a standard polymer with well characterized phy sical parameters, including the
polymer-polymer interaction parameter with PnBA, which ch aracterizes the incompatibility.
In the blend system PnBA:PS the majority component forms a ma trix embedding the minor-
ity component. Thus the blend PnBA:PS seems to be a promising candidate with respect to
the desired low tack application.
As well known from other blend systems [1] due to the immiscib ility of both components,
PnBA and PS, a marked structure results from a phase separation process. Recent scanning
probe experiments utilizing pulsed force mode on thin PnBA: PS blend �lms determined the
chemical composition and the surface structure due to the re lated mechanical differences [2].
The majority component forms a matrix embedding the minorit y component as disperse ob-
jects. The size of these objects decreases with decreasing amount of the minority component.
Up to a blending ratio of 5:5 PnBA forms a tacky matrix with rig id PS islands inside. As a
consequence, we restricted our mechanical tack experiments to �lms with a majority of PnBA
as compared to PS, including the symmetric blend with PnBA:P S= 5:5.
Whereas macroscopic structures in the blend PSA deviate from standard �ller systems and
cause a more complex macroscopic behavior, its effect on themicroscopic structure is revealed
with x-ray scattering. n-situ during the de-bonding with US AXS information is detected on
length scales, which is not accessible with optical methods [3]. Due to the necessity to per-
form these experiments at a synchrotron and the limited sync hrotron beamtime available in
general, we concentrate on two blending ratios. We selected PnBA:PS= 9:1 and 7:3 to cover a
regime which is well within the regime having a well de�ned for ce curve with a force maxi-
mum present as well as having a certain amount of non tacky hom opolymer added [4]. To ad-
dress structures in the vertically expanded state, the USAXS measurements were performed
at quantized distances during the de-bonding. To work out nu mbers, the USAXS data are
modelled with a model assuming cylindrically shaped nano-b ubbles, which was successfully
applied for the explanation of the USAXS data measured at pur e PnBA [3]. Fig. 2.3 sketches
the applied model. With optical techniques only the well kno wn large cavities are visible
(see Fig. 2.3a). Due to the re�ection of light from the punch s urface, the cavities appear in
white and the polygonal polymer structure separating the ca vities in black. The untouched
PSA �lm surface appears in white as well. With increasing amou nt of PS added to the blend,
in these transmission micrographs the phase separation structures yield lateral �uctuations
of the refractive index. Due to the low magni�cation the later al phase separation structures
are not resolved and as a consequence the pure PSA �lm only appears less white. However,
the tacked surface area is strongly modi�ed from the presence of the cavities and in addi-
tion easily detected from the presence of a circularly shaped rim of polymer separating both,
untouched �lm and tacked �lm.
The observed size of the nano-bubbles �ts well into the regime which is below the critical
radius of growth reported in case of other adhesive systems. In case of small sized cavities
a certain activation energy barrier needs to be overcome to enable a cavity growth. As the
stress increases, this energetic gap decreases. Cavity growth depends on the initial size of the
cavities and the available elastic energy. Thus perhaps the nano-bubbles are a precursor of
the optically observable macroscopic cavities which form o ut of some of the nano-bubbles by
overcoming the activation energy barrier.
With respect to the aim of low tack materials, the added PS wor ks perfectly comparable to an
inert �ller on the microscopic scale. Interesting for applic ations is the absence of the non-tacky
component in the vertically expanded material during de-bo nding. As a consequence, the
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added non-tacky PS is not transferred to the material in cont act with the blend PSA. Only the
tacky component, PnBA in the presented work, is transferred . Thus the behavior is identical
to the pure adhesive system, but with a tailored reduced tack .
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2.3 Nanostructuring of thin semiconducting polymer �lms fo r photovoltaic ap-
plications

M. Ruderer, S. V. Roth1, P. Müller-Buschbaum

1 HASYLAB at DESY, Hamburg, Germany

Conducting polymers have shown to be interesting candidate s for photovoltaics due to their
high absorption coef�cient, easy processibility, mechanic al �exibility and low costs. Further-
more the possibility to tune the properties of the polymers m ake broad-ranged applications
feasible. Nevertheless there are stringent constraints in device fabrication due to the short
exciton diffusion length, i.e. the charge carrier separati on has to occur in this length scale.
Therefore the structure of the polymer �lm is crucial. It was s hown that a blended structure
compared to a layered structure increases the ef�ciency. [1]
The blended structure is strongly depending on the blending ratio of the polymers. Two dif-
ferent polymers phase separate normally whereas one polymer is embedded in the matrix
of the other polymer. At a critical ratio the polymer blend fo rms an interpenetrating net-
work, the so called bicontinuous structure. Adapted from th e Flory-Huggins theory one can
approximately calculate the critical blending ratio � c for bulk systems with

� c =
1

p
N2=N1 + 1

(2.1)

The binary polymer blend of MEH-PPV (poly(1-methoxy-4-(2-e thylhexyloxy)-p-
phenylenevinylene)) and P3HT (poly(3-hexylthiophene-2, 5-diyl) was investigated. The
critical blending ratio for the used system was calculated t o � MEH � P P V = 11%. Both
homopolymers are soluble in chloroform and were dissolved w ith different blending ratios.
Thus solutions with the MEH-PPV to P3TH ratio of 100% to 0% were obtained. Thin �lms
with a constant thickness of 39 nm were prepared via spin-coa ting on glass slides.
Optical absorption spectra were obtained by using a Perkin- Elmer Lambda 35 spectrometer
(UV/ Vis) in transmission geometry. We measured in the range of 300 to 1100 nm with a
scan velocity of 120 nm/min and a step size of 0.1 nm. With the F T-IR spectrometer IFS 55
EQUINOX (Bruker Optik GmbH) the degradation of the pure poly mer �lms due to ambient
in�uences like heat and light was investigated.
Both homopolymers absorb mainly light in the range of 300 to 7 00 nm. By integrating the
absorption spectra and normalisation to the different �lm th icknesses the integrated absorp-
tion coef�cients � of the pure homopolymers were obtained. For the range of 300 t o 1100 nm
� MEH � P P V = (3 :08 � 0:08) nm � 1 and � P 3HT = (3 :46 � 0:05) nm � 1 were determined. The
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Figure 2.4:
(a) Wavelength dependence of the absorption coef�cients of MEH-PPV:P3HT �lms for
different blending ratios � MEH � P P V . (b) The integrated absorption coef�cients for differ-
ent blending ratios � MEH � P P V . The integration was performed in the range from 300 to
1100 nm. [3]

Figure 2.5:
Out-of-plane cuts (dots) with �ts (lines) of the 2d-GISAXS- (a) and GIUSAXS- (b) pattern
of a series of MEH-PPV:P3HT blended �lms with different blen ding ratios. The ratio of
MEH-PPV to P3HT is increasing from 0% to 100% in steps of 10% from the bottom to the
top curve. The �tted structure peaks are highlighted with th e arrows A - D. The dashed
line gives the resolution limit. The curves are shifted in th e direction of the y-axis for
clarity. (c) Composition dependence of the lateral structu re size (A (black solid triangles),
C (red open squares)). [3]

absorption spectra of the blended �lms show a superposition o f the pure spectra. The inte-
grated absorption spectra are nearly independent of the ble nding ratio of the polymers (see
Fig. 2.4).
Films stored at 160 � C show a clear decrease of the integrated absorption coef�cient whereas
the effect on MEH-PPV is stronger than on P3HT. Under light exp osition there is only a small
change of the spectra for P3HT observable. However the decrease of the absorption of MEH-
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PPV due to light degradation is comparable to the heat exposi tion. The FT-IR spectra of the
heat and light exposed MEH-PPV �lms show degradation of the mol ecular structure whereas
mainly oxidation of the carbon double bonds occurs. Thus a de crease of the conductivity of
the polymer is expected. There was no change in the FT-IR spectra of aged P3HT visible.
The inner structure of the blended polymer �lms was investiga ted via grazing incidence (ul-
tra) small angle x-ray scattering (GI(U)SAXS) at the beamline BW4 of HASYLAB at DESY. The
sample-detector distance de�nes the resolution of the measu rement. The experiments were
carried out with a sample-detector distance of 2 m (GISAXS) and of 12 m (GIUSAXS). [2]
In Fig. 2.5a the out-of-plane cuts (dots) with �ts (lines) of t he GISAXS measurements and in
Fig. 2.5b of the GIUSAXS measurements are shown. The data was�tted by a model which
includes a resolution peak and two structure peaks. The stru cture peaks are highlighted by
arrows A - D. It was possible to �t the curves by changing one str ucture peak with the second
peak �xed at a constant value. The structures are in-plane inf ormation. The determined val-
ues are for B 30 nm and for D 750 nm. The value of A and C are equal within the experimental
errors and shown in Fig. 2.5c.
At the blending ratio � MEH � P P V = 10% a minimal structure size of � = 300 nm was deter-
mined. Thus we expect the bicontinuous structure at this ble nding ratio which agrees with
the theoretical value of the critical blending ratio. [3]
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2.4 In-situ neutron re�ectometry probing competitive swel ling and de-swelling
of thin polystyrene �lms

P. Müller-Buschbaum, E. Bauer, E. Maurer, A. Nelson1, R. Cubitt2

1 Bragg Institute at ANSTO, Menai, Australia
2 ILL, Grenoble, France

Thin polymer �lms on solid supports are used in many daily life and technical applications,
as for example in microelectronics through lithographic pr ocesses or as dielectric layers. Typ-
ically, these �lms are exposed to a gas atmosphere and molecules from this atmosphere are
incorporated inside the thin polymer �lm. Penetration of a mi cromolecular species into an
initially dry polymer �lm is driven by a chemical potential gr adient [1, 2]. It is normally ac-
companied by swelling and plasticization of the polymer. Th e penetrant may be a solvent
or a non-solvent of the particular polymer, depending on the thermodynamic properties of
the polymer-penetrant pair. A signi�cant body of work has exa mined experimental and the-
oretical characteristics of swelling and dissolution of gl assy polymer �lms by single organic
solvent molecules. In most of these investigations the poly mer �lm is in contact with an at-
mosphere close to saturation of the penetrating species.
Less attention has been paid to the swelling of thin polymer �l ms in undersaturated atmo-
spheres, particularly those consisting of several differe nt molecules. In this investigation we
select the model system of deuterated polystyrene (dPS) in contact with an unsaturated vapor
of toluene in air. Thus the present work addresses melts/gla sses and not cross-linked �lms.
Toluene is a good solvent of dPS and the combination of dPS and toluene a well investigated
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Figure 2.6:
Top) Solvent penetration and (bottom)
�lm thickness (�lled symbols) and nor-
malized diffusely scattered intensity
(open symbols) shown on a logarithmic
time axis to account for the different
time constants of the swelling and de-
swelling. Taken from [4].

model system in terms of swelling and dissolution. Conseque ntly, it is well suited for the
investigation of competitive penetration of different mic romolecular species into an initially
dry polymer �lm.
The addition of the toluene marks the starting point of the ki netic swelling investigation (time
t=0). After equilibrium was reached, the toluene addition to the air atmosphere is removed
by an exchange of air surrounding the swollen dPS �lm. Finally de-swelling occurs and the
dPS �lm relaxes back.
Neutron re�ectometry was used (D17 re�ectometer of ILL, Gre noble, in time-of-�ight (TOF)
mode [3, 4]) to trace small changes in the dPS �lm thickness upo n exposure to the under-
saturated toluene atmosphere. Kinetic changes were probed by performing re�ectivity scans
every 30 s.
In a saturated atmosphere the introduction of a thermodynam ically compatible solvent vapor
(toluene) to a polymer �lm (dPS) leads to a continuous absorpt ion of the solvent into the poly-
mer �lm, at undersaturation the increase in �lm thickness is ve ry limited. For the presented
example it increases from 49.8 to 58.8 nm (instead of 101.4 nmclose to saturation [3]). The
driving force given by the difference in the chemical potent ial of the vapor and the swelling
polymer �lm is small.
The swelling rate is linear with time with v =0.03 nm s� 1 after an initiation time of typically
140 s (Fig. 2.6). Such behavior has been reported for case II diffusion with bulky material and
thick �lms, were the absorption of a high activity solvent vap or follows two steps: initiation
and linear increase with time [1, 2]. The difference between Fickian and Case II behavior is
the concentration pro�le of the solvent in the polymer that in creases as

p
t and t for Fickian

and Case II diffusion, respectively. Sorption of small mole cules in glassy polymers, such
as toluene in dPS, that is instantaneously introduced, show s non-Fickian behavior (Case II).
The Case II diffusion can be described in terms of a moving bou ndary of nearly constant
concentration [2]. However, such a front was not observed in the neutron data, which might
motivate a new mechanism caused by the small thickness of the dPS �lm.
Upon removal of solvent the �lm de-swells. However, de-swell ing is signi�cantly slower than
the swelling process with a de-swelling rate of v =7.67 �10� 4 nm s� 1. Again, in the neutron
data no sign of a moving front was observed. Notably, the init ial �lm thickness is not attained
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due to the �nite volume of the vapor chamber - the toluene molec ules leaving the dPS �lm
enrich in the air volume of the cell. To extract all incorpora ted toluene the vapor chamber has
to be opened completely, thereby allowing for a back relaxat ion of the dPS �lm. [4]
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2.5 Structural changes of thin block copolymer �lms during s olvent vapor treat-
ment

Z. Di, C. M. Papadakis, D. Posselt1, D.-M. Smilgies2, A. Timmann 3

1 IMFUFA, Department of Science, Systems and Models, Roskilde University, Denmark
2 Cornell High-Energy Synchrotron Source (CHESS), Cornell U niversity, USA
3 HASYLAB at DESY, Hamburg

Diblock copolymer thin �lms are of interest for a range of appl ications requiring nano-
structured surfaces. However, the lack of long-range order of the self-assembled structures
may be a hindrance for some purposes. Treatment with solvent vapor has been known to be
an ef�cient way to improve long-range order [1]. However, the processes taking place during
vapor treatment are still largely unknown.

Figure 2.7:
AFM (a) and GISAXS (b) im-
ages of a spin-coated �lm
from a sample having 215.8
kg/mol. (c) Lateral cut at the
qz -value of the Yoneda peak of
the polymer. (d-f) Same re-
sults after storage in saturated
toluene vapor for 18 h.

We have investigated thin �lms of lamellar poly(styrene- b-butadiene), P(S-b-B), having low
(22.1 kg/mol) and high molar mass (215.8 kg/mol). We have cho sen this system because,
in thin �lm geometry, the lamellar interfaces are parallel or perpendicular to the �lm sur-
face, and this lamellar orientation can be controlled by the block copolymer molar mass
[2]. We have carried out ex-situ and in-situ studies of the �lm surface by atomic force mi-
croscopy (AFM) and of the inner �lm structure by grazing-incid ence small-angle X-ray scat-
tering (GISAXS) at BW 4 at HASYLAB and at D-line at CHESS. We have investigated (i) a
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Figure 2.8:
Results from a spin-coated �lm from a sample with 22.1 kg/mol during treatment with
cyclohexane vapor. (a) GISAXS image before vapor treatment. (b) Intensity pro�les along
qz through one of the Bragg rods vs. time during treatment. (c) T hicknesses of the (� )
parallel and ( � ) lamellae. The line indicates the bulk lamellar thickness.

high molar mass �lm having the perpendicular lamellar orient ation in the vapor of the non-
selective solvent toluene and (ii) a low molar mass �lm having initially a mixed lamellar
orientation in the vapor of cyclohexane, a solvent slightly selective for the PB block.
A thin �lm of a high molar mass P(S- b-B) diblock copolymer was prepared by spin-coating
from toluene solution onto a silicon wafer. Then, the �lm was s tored in saturated toluene
vapor for 18 hours. The long-range lamellar order at the �lm su rface improved signi�cantly
after vapor treatment (�gure 2.7a,d). This improvement take s place not only at the surface
but in the entire �lm, as re�ected in the appearance of higher- order Bragg rods in the GISAXS
images (�gure 2.7b,e and c,f). In addition, both AFM and GISAX S reveal that vapor treatment
leads to an increase of the lamellar thickness by 20%.
In order to elucidate the processesduring vapor treatment, we have carried out in-situ GISAXS
experiments. A thin �lm from a low molar mass P(S- b-B) diblock copolymer was prepared in
the same way as described above, which resulted in a �lm thickn ess of 1010 	A. In dry state,
the GISAXS image shows both, a Bragg sheet and a ring of high intensity which is enhanced
at the qz-value of the Yoneda peak of P(S-b-B) (�gure 2.8a). This out-of-plane scattering is
overlaid by intensity oscillations re�ecting the correlat ed roughness of the �lm suface and
the �lm/substrate interface. These observations point to a p redominantly parallel orientation
together with a fraction of tilted lamellae. The GISAXS imag es recorded after injection of cy-
clohexane into the cell,which leads to saturated vapor, all owed us to follow the fast dynamics
during the �rst 30 min. The swelling of the �lm is re�ected in cha nges of the width of the
intensity oscillations (�gure 2.8b). The �lm thickness incre ases during the �rst � 5 min and
levels off after � 20 min. Converting the qz-positions of the Bragg sheets and the lateral (qy)
positions of the Bragg rods into lamellar thicknesses as a function of treatment time allows us
to characterize the swelling of the parallel and the perpend icular lamellae separately (�gure
2.8c). Two time regimes can be discerned for the swelling of the perpendicular lamellae (open
circles): an incubation time of � 5 min, followed by the swelling to an equilibrium value,
which is 4.2% higher than the one in the dry state. Meanwhile, t he behavior of the parallel
lamellae is more complex: Three time regimes are distinguis hed (�lled circles): A decrease
during the �rst few minutes, then strong swelling (by 14%), an d �nally a decrease to the
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same degree of swelling as the perpendicular lamellae. These complex processes show that
the changes of the chain conformation upon solvent uptake an d the resulting changes of the
lamellar thickness are partially hindered by the space rest rictions in thin �lm geometry.
We conclude that the absorption of solvent vapor not only lea ds to swelling of the block
copolymer �lms but also to changes of the internal nanostruct ure. A signi�cant improvement
of the lateral correlation in a �lm containing perpendicular lamellae could be achieved using
a non-selective solvent. Treatment of a thin �lm containing i nitially both parallel and tilted
lamellae with a selective solvent revealed complex processes.
This project has been funded by the Graduate School 'Material s Science of Complex Inter-
faces'.
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2.6 Distinct kinetic regimes in a lamellar diblock copolyme r thin �lm during sol-
vent vapor uptake

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

1 IMFUFA, Department of Science, Systems and Models, Roskilde University, Denmark
2 Cornell High-Energy Synchrotron Source (CHESS), Cornell U niversity, USA

Thin block copolymer �lms are of interest for the preparation of nanoporous �lms and nanos-
tructured templates [1]. An important issue is control of th e defect density. Solvent annealing
offers a simple and �exible method with a potentially high de gree of controllability through
choice of solvent. However, the molecular mechanisms and mesoscopic rearrangements in-
volved in solvent annealing are still largely unexplored.
Here we address the immediate response of the lamellar mesophase to exposure to solvent va-
por. Real-time, in-situ grazing-incidence small-angle X- ray scattering (GISAXS) with a time
resolution of a few seconds [2] was used to investigate the structural re-arrangements in a
thin, supported �lm of lamellae-forming poly(styrene- b-butadiene), P(S-b-B), diblock copoly-
mers consisting initially of � 13 stacked lamellae. The �lms were prepared by spin-casting
from toluene solution on Si wafers terminated with a native o xide layer and by subsequent
thermal annealing. In-situ GISAXS experiments were perfor med in saturated toluene vapor
– a good and non-selective solvent – at CHESS beamline D1 witha time resolution of 10 s.
Before vapor treatment, the lamellae in the �lm were parallel to the �lm surface, as revealed
by diffuse Bragg sheets (DBS) appearing along the �lm normal, qz, and extending along qy ,
the scattering vector component in the �lm plane (Fig. 2.9a). During the �rst 3 min of sol-
vent vapor exposure, the DBSs moved downwards and became more intense. After 3 min,
the DBSs spread out alongqy and curved downwards, this effect being strongest after 5 mi n.
Moreover, side peaks at �nite qy appeared next to the DBSs in this time regime. These changes
were transient, even though the environmental conditions w ere not altered. Then, the DBSs
moved again towards larger qz-values, their lateral width decreased, and the side peaks van-
ished. After 8 min, the 2D image looked very similar to the one in the initial, dry state.
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Figure 2.9:
(a) 2D GISAXS maps before and during vapor treatment. Logari thmic intensity scale.
The horizontal arrows mark the tails of the DBSs. The times af ter injection of toluene are
indicated. (b) Suggested scenario. Toluene molecules are represented by circles, voids are
white. See text for explanation.

Figure 2.10:
Structural changes along the
�lm normal: (a) lamellar thick-
ness, (b) integrated intensity of
the DBS and (c) height of the
correlated lamellar stack. (d)
Lateral length scale obtained
from the side peak. The ver-
tical lines delineate the three
time regimes identi�ed.

Three distinct time regimes were identi�ed from an analysis o f the qz position, and the in-
tensity and widths along qz and qy of the DBS at � 0.6 nm� 1. During the �rst time regime,
the lamellar thickness increased linearly until the lamell ar thickness had increased by 16%
(Fig. 2.10a). The integrated intensity of the DBS increasedmore than a factor of 4 during the
�rst time regime (Fig. 2.10b). The average height of the stack of correlated lamellae, H , as
deduced from the FWHM of the DBS along qz increased from 100 nm to 240 nm, a value close
to the �lm thickness (Fig. 2.10c). The situation suddenly rev ersed after 3.4 min as marked by
a maximum in the lamellar thickness and the DBS intensity tog ether with a maximum in the
correlated stack height of � 130nm. In the lateral direction, the DBSs spread out along qy and
curved downwards (Fig. 2.9a). Side peaks at �nite qy appeared and were present during the
entire second time regime (Fig. 2.10d). The second time regime ended 5-6 min after injection,
as suggested by the 2nd maximum of the intensity of the DBS and of the stack height as well
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as the disappearance of the side peaks. During the third time regime, the lamellar thickness
and the intensity of the DBS, the width along qy decreased again and the stack height all de-
creased. 8 min after the injection, a lamellar thickness similar to the lamellar thickness before
treatment was reached.
We attribute this complex behavior to the changes of chain co nformation upon solvent vapor
uptake. In dry state, the blocks are stretched normal to the i nterface, whereas they assume
a more globular conformation in the solvent-swollen state [ 3]. The swollen chains require
a higher interfacial area which leads to an increase of the di stance between the chains at
the interface. In a thin �lm consisting of stacked lamellae th is is not easily accomodated
by diffusion of the copolymers along the interfaces alone. Mo reover, the solvent vapor is
expected to raise the polymer mobility. We thus attribute ou r �ndings to the scenario depicted
in Fig. 2.9b: First, the solvent distributes homogeneously into the PS and the PB layers which
leads to swelling of the lamellae and annealing of defects. D ue to the lateral constraints in the
extended lamellae in thin �lm geometry, the lamellae swell un iaxially normal to the lamellar
interface. In the second time regime, the blocks relax towards more globular conformations,
which leads to a de-swelling of the lamellae [4]. However, th is situation is unstable because
of the increased interfacial area required by the two blocks . The lamellar interfaces therefore
form ripples with characteristic lateral length scales dow n to � 2D �lm

lam . This is evident from
the lateral widening of the DBSs [5] and the appearance of the side peaks. The decrease of
the correlated stack height indicates a major reconstruction of the polymer �lm. Copolymers
diffuse normal to the lamellar interfaces and form addition al domains between the existing
lamellae. These added domains may also be at the origin of the curvature of the DBSs [6].
During the third time regime, the height of the correlated la mellar stack reaches again the
�lm thickness, and eventually, the �lm consists of more lamell ae than in the dry sample with
swollen and less stretched blocks.
We conclude that exposure of a lamellar block copolymer �lm to a good and non-selective
solvent leads to distinct processes and abrupt changes during the �rst minutes, including
swelling and subsequent deswelling of the lamellae as well a s roughening of the lamellar
interfaces and the formation of additional lamellae. The oc curence of transient states on a
time-scale of a few minutes was previously unknown and indic ates that thin �lm polymer
kinetics needs to be probed in-situ and in real time.
This project has been funded by the Graduate School 'Material s Science of Complex Inter-
faces'.
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2.7 Improving the lateral long-range order in block copolym er �lms by thermal
annealing

Z. Di, C. Darko, D. Posselt 1, D.-M. Smilgies2, A. Timmann 3, M.N. Groves4,
M.A. Singh 4, C.M. Papadakis

1 Department of Sciences, Systems and Models (IMFUFA), Roskilde University, Denmark
2 Cornell High Energy Synchrotron Source (CHESS), Cornell Un iversity, Ithaca, USA
3 HASYLAB at DESY, Hamburg
4 Department of Physics, Queen's University, Kingston, Onta rio, Canada

Diblock copolymer thin �lms are prominent candidates for a ra nge of applications requiring
nanostructured surfaces, such as the creation of nanoporous �lms or nanowires [1] because
they self-assemble into regular nanostructures on the length scale of 10 � 100 nm. We have
been studying thin �lms of lamellar poly(styrene- b-butadiene), P(S-b-B), and have found that
for high block copolymer molar masses (above � 90kg/mol), the lamellae are perpendicular
to the surface [2], which is especially interesting for the a bove mentioned applications .
We focus here on the possibilities to improve the long-range order in the perpendicular lamel-
lar orientation by thermal annealing [3]. It may be anticipa ted that the choice of the an-
nealing temperature with respect to the highest glass trans ition temperature, Tg, of the block
copolymer is important. Annealing above Tg enables long-range diffusion of the copolymers,
whereas below Tg, only local rearrangements are possible. We have thereforechosen anneal-
ing temperatures below and above the Tg of the PS block, which is 100� C. GISAXS allowed us
to investigate the changes of the lateral correlation of the lamellae as well as to detect an in�u-
ence of the surface roughness. We correlate these results tothe ones obtained by atomic force
microscopy (AFM) and X-ray re�ectometry (XR). Scattering ex periments were performed at
D-line at the Cornell High Energy Synchrotron Source (CHESS ) and at BW 4 at HASYLAB.

Figure 2.11:
XR (a) and GISAXS (b-d) on a �lm with �M n = 183 kg/mol at 35 � C, i.e. before annealing
(b), at 150� C, i.e. during annealing (c) and at 45� C, i.e. after annealing (d). Logarithmic
intensity scale. The white lines indicate the positions of t he Bragg rods.

In-situ results from a thin �lm annealed at 150 � C are compiled in Figure 2.11. The �lm was
placed in the X-ray beam in a heatable cell which was constantly �ushed with He gas [4].
In this way, the probability of cross-linking the PB block wa s reduced. The X-ray re�ectivity
curve at 35� C, i.e. before annealing (Fig. 2.11a) does not display Kiessig fringes, i.e. the �lm
thickness is inhomogeneous. The large number of well-prono unced Kiessig fringes observed
at 150� C reveals that large-scale heterogeneities �atten out and t he �lm thickness becomes
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more well-de�ned. A GISAXS image taken before annealing show s straight Bragg rods (Fig.
2.11b). Upon heating the sample in the beam to 150� C, the image changes drastically: The
straight Bragg rods transform into a ring of high intensity c entered around the specularly
re�ected beam (Fig. 2.11c), i.e. the lamellae tilt away from the perpendicular orientation,
resulting in a certain distribution of tilt angles. This rin g persists upon cooling down to 45 � C
(Fig. 2.11d), but is then superimposed by straight Bragg rod s which extend towards high
qz. We conclude that a certain fraction of the lamellae regain t heir original perpendicular
orientation upon cooling, whereas the remainder stays tilt ed.

Figure 2.12:
AFM phase images of a �lm
with �M n = 215:8 kg/mol be-
fore (a) and after (b) thermal
treatment at 60� C in air for 18
h. Image size 3 � m � 3 � m.
(c, d) Corresponding GISAXS
images. Logarithmic intensity
scale. The grey region in the
center indicates the beamstop.
The vertical lines indicate the
�rst and second-order Bragg
rods.

The effect of thermal annealing below Tg is shown in Fig. 2.12. The resulting AFM height
images do not re�ect any improvement of the long-range corre lation at the �lm surface (Fig.
2.12a,b). The GISAXS image before annealing (Fig. 2.12c) displays Bragg rods, i.e. the lamellar
interfaces are perpendicular to the substrate surface. Themost striking change upon thermal
annealing is the shape of the intensity along the �lm normal, qz (Fig. 2.12d): The intensity
oscillations re�ect the correlated roughness between the s ubstrate surface and the �lm sur-
face. Laterally extended oscillations indicate that the (� at) substrate surface is replicated by
the �lm surface down to small length scales, i.e. thermal anne aling results in a �attening of
the �lm surface.
We conclude that whereas annealing above Tg of the PS block leads to deterioration of the
perpendicular lamellar orientation and tilting of the lame llae – presumably related to an in-
cipient dewetting process, annealing below Tg results in a local improvement of the lateral
correlation of the lamellar interfaces as well as to a �atten ing of the �lm surface.
This project has funded by the Graduate School 'Materials Science of Complex Interfaces'.
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2.8 Thin �lms of diblock copolymers having one crystalline b lock
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In thin �lms of diblock copolymers having one amorphous and on e (semi-)crystalline block,
the �nal structure formed depends on the competition between three transitions: the order-
to-disorder transition of the diblock copolymer, the cryst allization of the crystallizable block,
and the vitri�cation of the amorphous block [1]. The space req uirements of the two blocks
at the lamellar interface play an important role. They depen d on the degree of folding of
the crystalline block, the orientation (tilt) of the crysta llites with respect to the lamellar inter-
face and the degree of stretching of the amorphous block. The resulting surface textures are
often complex, and methods giving insight into the inner �lm s tructure on a large range of
length scales are desirable in order to obtain complete info rmation on various parameters con-
tributing to the structure formation. We have investigated a lamellae-forming poly(styrene- b-
ethyleneoxide), P(S-b-EO), diblock copolymer with the blocks having molar masses of 3 000
g/mol. Thin �lms were prepared by spin-coating from toluene s olution onto Si wafers and
crystallization was performed at different temperatures, Tx . The �lm thickness was � 760 	A.
The mesoscopic lamellar structure was determined using GISAXS at BW4 [2]. The orientation
of the PEO crystallites and the degree of crystallinity was i nvestigated by GIWAXS at Risø
National Laboratory, Roskilde, Denmark and at BW2, HASYLAB .
The surface morpholgy (Fig. 2.13) depends signi�cantly on Tx . At 25� C (Fig. 2.13a), crys-
tallization results in a weakly textured morphology, where as at Tx = 50 � C, large terraces
having a height of 110� 5 	A are formed (Fig. 2.13b). The 2D GISAXS maps give insight into
the lamellar orientation and thickness (Fig. 2.13c,d). The diffuse Bragg sheets are located at
the positions consistent with the prediction from the disto rted-wave Born approximation for
parallel lamellae [3] of thickness 160� 5 	A for Tx = 25 � C and 210� 5 	A for Tx = 50 � C.
The 2D GIWAXS images show a clear distinction of the crystall ine texture in the two �lms
(Fig. 2.14a, b). AtTx = 25 � C, two strong and rather isotropic rings are observed (Fig. 2 .14a):
The �rst is due to the 120 re�ection, whereas the second consists of the 032, -132, -212, and
112. For �lms crystallized at 50� C (Fig. 2.14b), two peaks with a signi�cantly narrower distri -
bution were observed, which were assigned to the 120and 032re�ections. Fig. 2.14c,d shows
simulated 2D GIWAXS images for �lms crystallized at 25� C and at 50� C. These images were
obtained using the bulk monoclinic unit cell for the PEO crys tals [4] and by varying both, the
orientation angle of the c-axis with respect to the �lm normal and the width of the crysta llite
orientation. At Tx = 50 � C, the best �t is obtained for the c-axis of the unit cell parallel to
the �lm normal, whereas at Tx = 25 � C, it is on average tilted by an angle of 35 � with a wide
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Figure 2.13:
AFM topography images of PS-b-PEO thin �lms crystallized at Tx = 25 � C (a) and 50� C (b).
2D GISAXS images measured at� i = 0 :39� for the same �lms (c,d). The grey rectangles in
the GISAXS images mark the rod-like beamstop. The �rst two ar rows (from the bottom)
mark the positions of the Yoneda peak and the specularly re�e cted beam, respectively,
followed by arrows indicating the positions of the diffuse B ragg sheets.

Figure 2.14:
(a,b) Experimental 2D GIWAXS images from thin �lms of lamell ar P(S-b-EO) crystallized
at Tx = 25 � C and 50� C, respectively. (c,d) Simulated 2D GIWAXS images for the �l ms
shown in (a,b). (e) GIWAXS in-plane intensity pro�les for P( S-b-EO) thin �lms crystallized
at Tx = 25 � C (� ) and at 50� C (� ). The lines are guides to the eye.

distribution. We note that the asymmetry in the intensities of Fig. 2.14b is due to the large
size of the crystalline domains (Fig. 2.13b). The dependence of the tilt angle on Tx explains
the change of repeat distances found using GISAXS.
The degree of crystallinity was estimated from the high-res olution intensity pro�les obtained
at BW2. The percentage of crystalline domains in the �lms was f ound to be 62 and 98 %
for Tx = 25 and 50� C, respectively, which suggest a more perfect PEO chain attachment at
Tx = 50 � C than at 25� C. These �ndings are in consistency with the AFM images.
In summary, we have demonstrated that crystalline lamellae preferentially orient parallel to
the �lm substrate both for strong and weak supercooling, but t he lamellar repeat distance
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increases with Tx . At Tx = 25 � C, the orientation of the PEO chain stems �uctuates around an
average inclination angle of 35� with respect to the �lm normal, which is at the origin of the
roughness of the �lm surface. For �lms crystallized at Tx = 50 � C, the chain stems are mainly
perpendicular to the �lm surface, promoting �at and terraced surfaces.
This work has been �nancially supported by DFG (Pa771/3) and t he Incentive Fund for Re-
search Collaborations between TU München and the Danish Technical University.

[1] G. Reiter, G. Castelein, P. Hoerner, G. Riess, A. Blumen,J. -U. Sommer, and G. Floudas, Eur.
Phys. J. E.,2, 319 (2000). L. Zhu, P. Huang, W. Y. Cheng, Q. Ge, R. P. Quirk, and S. Z. D. Cheng,
Macromolecules 35, 3553 (2002).
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2.9 Break-away crystallization in thin �lms of cylinder-fo rming PI- b-PEO diblock
copolymers

C. Darko, K. Troll, Z. Di, D.-M. Smilgies 1, A. Timmann 2, S. Förster3, C. M. Pa-
padakis
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Crystallization is a widely studied phenomenon which impar ts important physical properties
to polymeric materials. In thin �lms of semicrystalline dibl ock copolymers, depending on the
order-to-disorder-transition temperature, the melting t emperature of the crystallizable block,
and the glass transition temperature of the amorphous block , both uncon�ned and con�ned
crystallization have been observed [1]. In bulk studies of t he hexagonal cylindrical phase,
crystallization of the block forming the cylinders was obse rved to destroy the microphase-
separated hexagonal structure and to transform it into less ordered lamellae, i.e. crystalline
lamellae within an amorphous matrix [2].
In the present study, we combine surface investigations by o ptical microscopy with scatter-
ing techniques to study the crystallization in thin �lms of cy linder-forming poly(isoprene- b-
ethyleneoxide) (PI-b-PEO) diblock copolymers. The blocks have molar masses of 2100 and
1100 g/mol, respectively.
Samples were prepared by spin-coating from toluene solutio n onto Si wafers. The �lm thick-
ness is� 140nm. The samples were annealed at62� C for a few minutes, i.e. above the melting
point of PEO, and were then quenched to room temperature. The crystallization of the PEO
block was monitored using optical microscopy for several da ys until no more changes oc-
cured. The orientation of the PEO crystallites was studied b y GIWAXS at BW2, HASYLAB,
and the mesoscopic structures were investigated by GISAXS at BW4, HASYLAB [3].
From the optical micrographs (Fig. 2.15a), we observed that the thin �lm surface was smooth
with holes. After 41 days at room temperature (Fig. 2.15b), w e observed growing PEO crys-
tals. The crystalline domains grew radially leading to a cir cular shape. Near the growth front,
the �lms are thicker. The crystallization of the entire �lm was completed after 148 days (Fig.
2.15c).
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Figure 2.15:
Optical micrographs of a PI- b-PEO thin �lm right after spin-coating (a), after 41 days at
room temperature (b), and after completion of the crystalli zation after 148 days (c). The
lighter, the higher the �lm thickness.

Figure 2.16:
2D GISAXS images of a PI-b-PEO thin �lm right after spin-coating (a) and of a completel y
crystallized �lm after 148 days (b). The arrows indicate the positions of the Bragg re�ec-
tions from the hexagonal lattice. (c) GIWAXS intensity pro� les for the same �lms after
spin-coating (� ) and after completion of crystallization ( � ). The lines are guides to the eye.

In order to obtain information of the buried mesoscopic stru cture, GISAXS measurements
were performed both after spin-coating (Fig. 2.16a) and for �lms which had completely crys-
tallized (Fig. 2.16b). Right after spin-coating, we observed diffuse Bragg re�ections at the
positions expected for the hexagonal morphology with the cy linders lying in the �lm plane.
The repeat distance was found to be 10:0 � 0:6 nm. In the GISAXS image for the completely
crystallized sample (Fig. 2.16b), the diffuse Bragg re�ect ions of the hexagonal structure were
absent, which means that the hexagonal morphology had been destroyed by the crystalliza-
tion. The GIWAXS experiment (Fig. 2.16c) show that, after spin-coating, there were no Bragg
peaks from the crystalline structure of PEO. For the complet ely crystallized �lm, however,
a Bragg peak at qxy = 1 :35 	A � 1 was present which corresponds to the 120 re�ection of the
monoclinic crystal lattice of PEO [4]. This means that the ch ain stems are perpendicular to the
�lm/substrate interface.
In summary, we have observed break-away crystallization in thin �lms from a low molar
mass, cylinder-forming PI- b-PEO diblock copolymer. The crystallization of PEO in cylin ders
immersed in a PI matrix results in the destruction of the alre ady formed hexagonal arrange-
ment of the cylinders. The resulting crystals have their c-axis of the unit cell parallel to the
�lm normal. We attribute this behavior to the weak segregatio n of the diblock copolymer.
This work was �nancially supported by DFG (Pa771/3) and by the Incentive Fund for Re-
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2.10 Structured organic solar cells

R. Meier, P. Müller-Buschbaum

Due to the limited processing possibilities and the high pro cessing costs of silicon, polymers
become more and more attractive for the development and prod uction of organic solar cells.
The basic phenomenon used for this device is the photo-induc ed electron transfer from
donor-type semiconducting polymers onto acceptor-type po lymers or molecules. Especially
the low large-scale production costs, the mechanical properties of polymers (�exibility,
solubility, etc.) and the steadily invention of novel polym er structures will lead to an increase
of the already reported power conversion ef�ciencies of 5%[1].

The correlation between the morphology and the observed pho tophysical properties of
organic solar cells is investigated by probing different su rface structures resulting from
selforganization and patterning.
For the investigation of the morphology scanning probe micr oscopy (e.g. AFM) and scat-
tering techniques will be used. Grazing incidence small ang le scattering (GISAS) provides
structural information over a large sample area and allows t o assign characteristic properties
to the different components of the blend system. In addition , the recently installed ellipsome-
ter with combined AFM (Nano�lm SPEM), which later will be intro duced into a beamline at
the synchrotron Hasylab, displays morphologies combined w ith thickness information.
Key control parameters for selforganized structures are the polymer solvents, the blend ratio
and the interaction with the contact materials. The materia ls will be processed with a spin-on
technique. Hence the spin parameters and the structure of th e solar cell (e.g. adhesion
forces between different layers) will have signi�cant in�ue nce on the �nal performance of
the device. Also postproduction treatments are important. Therefore different annealing
procedures and storing methods in solvent vapor atmosphere have to be investigated.
Pattering allows creation of lateral structures in the rang e of � 100nm. These structures can
be achieved by micro-contact printing ( � -CP), where a commercially available rubbery stamp
(polydimetylsiloxan, PDMS) is soaked with the polymer solut ion and then pressed on the
substrate. Such structures lead to well ordered conjugated polymer �lms. It doesn't provide
any electron traps and has a large interface area where the excitons can be separated due to
offset energy levels of the different materials. Such type o f structure is known to be ideal for
organic solar cells.
In order to optimize the absorption coef�cient of polymer-ba sed solar cells it is useful to
sensitize them to the solar emission spectrum, which has a maximum photon �ux at around
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1:8eV. Nanoscale anorganic particles, e.g. Cadmium Telluride (CdTe) with an band gap
energy Eg � 1:6eV, suit not only this goal, they also enhance the charge transport in the
polymer, in which they are encapsulated.

Although the power conversion ef�ciencies of organic solar c ells are still considerably low in
comparison to the ones from silicon based cells (5% vs. 20%), the immense amount of effort
spent in this research �eld makes it highly likely to reach the 10%-area in the near future [1].

[1] N. S. Sariciftci, Plastic photovoltaic devices, Materi als Today, 9/2004, p.36-40
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3 Polymer hybrid systems

3.1 In�uence of maghemite nanoparticles on the microphase s eparated nanos-
tructures in cylinder forming P(S-b-MMA) copolymer �lms

M. M. Abul Kashem, S. V. Roth 1, P. Müller-Buschbaum

1 HASYLAB at DESY, Hamburg, Germany

Nanocomposite material based on diblock copolymer and magn etic nanoparticles is a
research area of growing interest. The core idea of such kind of nanocomposite material is
to use the microphase-separated polymer nanostructures such as cylinders or lamellae as
the template to arrange the inorganic particles. Another me thod to prepare ordered arrays
of nanoparticles can be obtained from a blend of nanoparticl es coated with polymeric hairs
and diblock copolymer solution [1, 2]. After annealing of su ch a blend �lm, the nanoparticles
go to a selective block and an ordered arrangement of particl es is achieved. In the present
investigation, we studied the effect of nanoparticles and a nnealing on the self-assembled
nanostructures present in the thin nanocomposite �lm prepar ed from a diblock copolymer
solution blended with magnetic nanoparticles.

The investigated composite �lms are prepared from polystyre ne-block- polymethyl-
methacrylate, denoted as P(S-b-MMA), and maghemite nanopart icles. The molecular weight
of the diblock copolymer is 77 kg/mol. The volume fraction of PMMA block is 0.29.
Therefore, the polymer undergoes microphase separation in bulk and forms cylinders of
PMMA in PS matrix. The maghemite nanoparticles are stabilized in toluene by attaching
oleic acid and oleylamine. They have a diameter of 6.4� 0.6 nm measured from the SEM
image of a monolayer of particles. The substrate used to prepare the thin �lm is silicon
(100) wafer pieces which are exposed to 19% hydro�uoric acid bath for 2 minutes followed
by the strong rinsing with deionized water and compressed ni trogen gas �ow drying. The
thin �lms having varying amount (0 %, 0.25%, 0.5%, 1%, 2% and 4% by wt. with respect to
amount of polymer) of nanoparticles are prepared by spin coa ting. Two sets of samples are
prepared. One set of samples is annealed at1650 C in a vacuum oven for 72 hours followed
by slow cooling and another set of samples is as prepared �lms w ithout annealing. We used
the surface sensitive grazing incidence small angle X-ray scattering (GISAXS) technique [3]
to investigate both sets of nanocomposite �lms.

GISAXS measurements were carried out at the beamline BW4 of the DORIS III storage
ring at HASYLAB (DESY, Hamburg). The selected wavelength wa s � = 0.138 nm. The beam
divergence in and out of the plane of re�ection was set by two e ntrance cross-slits. The beam
was focused to the size of 60 � m � 30 � m by using an assembly of refractive Beryllium
compound lenses [4]. The sample was placed horizontally on a goniometer. A beam stop
(a diode) was used to avoid direct beam to the detector. Besides, a moveable rod-like beam
stop was also used to shield the specular peak and the high int ensities at very low q y on
detector. An incident angle was selected � i =0.310, which is well above the critical angles of
both polymers (PS and PMMA) and of the nanoparticles, so that th e beam can penetrate the
sample and the obtained data gives the information of not onl y the surface structure but also
the structural information inside the �lm. The scattered int ensities were recorded by a 2D
detector (MARCCD; 2048� 2048 pixel).
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To have an access to the lateral structural information, we m ade a horizontal cut from the
two dimensional intensity distribution at a constant q z, at the critical angle of polystyrene.
Such kind of cut is called out-of-plane cut because it is perp endicular to the conventional
scattering plane. A horizontal cut at constant q z tells us about the geometry, size distribution,
and spatial correlation of lateral structures present in th e thin �lm [3]. In Fig. 3.1 the
out-of-plane cuts of the scattering intensity distributio n on the 2D detector of samples before
and after annealing are plotted together to explain the effe ct of annealing and nanoparticles
concentration on the microphase separated structure.

Figure 3.1:
Out-of-plane cuts of the GISAXS data showing the in�uence of annealing and nanoparti-
cles concentration (left-before annealing; middle- after annealing). Two pronounced struc-
ture factor peaks 1 and 2 are visible. The increase of the lateral structure length due to
annealing of the �lm and incorporation of the nanoparticles are shown in the right �gure.
The percentage numbers presented in the �gure are the nanoparticle concentrations (wt %)
in the polymer solution used to prepare the �lms. The dash lin e shows the limit to access
the structure information due to presence of a rod-like beam stop.

In the left image (samples before annealing), we clearly see two structure factor peaks.
The structure factor marked with ”1” is located at q y= 1.67� 10� 1 nm � 1 corresponding to a
lateral distance of 37.6 nm and the structure factor marked w ith ”2” is at 7.4 � 10� 1 nm � 1

corresponding to a lateral distance of 8.5 nm. The structure factor peak 1 is assigned to the
distance between two cylinders, which are oriented along th e surface normal (perpendicular
to the surface). The distance 8.5 nm corresponds to the distance between two neighbour
particles. Both peak positions, structure factor 1 and 2, remain almost constant in case of
un-annealed samples, independent of the amount of nanopart icles. In the annealed samples
the position changes. After annealing the position of peak 1 changes towards lower qy

values, i.e., the distance between neighbouring cylinders of PMMA increases. This increase
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occurs two times: after annealing, and due to the incorporat ion of the nanoparticles. This
shift is emphasized in the presentation shown in �gure 1 (righ t image). The distance between
two nearest cylinders increases to 55 nm in the sample withou t any nanoparticles after
annealing. Thus this equilibrium structure is larger than t he non-equilibrium structure which
was installed in the �lms directly during spin-coating. The s pin-coating structure is mainly
driven by evaporation of the solvent, whereas the equilibri um structure is dominated by
interactions and entropy. In case of composite samples, the nanoparticles go to the PS matrix
and swell the PS phase, which lead the PMMA cylinders to arrange themselves at distance
larger than that without nanoparticles. The increased dist ance is 65� 2 nm irrespective
to the increase of nanoparticle concentration. A model �t of t he data by using IsGISAXS
software, which might interpret more details about the arra ngement of the particles inside
the microphase separated block copolymer nanostructures, is in progress.

[1] V. Lauter-Pasyuk, H. J. Lauter, G. P. Gordeev, P. Müller-Buschbaum, B. P. Toperverg, M. Jer-
nenkov, and W. Petry, Langmuir 19, 7783 (2003)

[2] M. M. Abul Kashem, J. Perlich, L. Schulz, S. V. Roth, W. Petry, P. Müller-Buschbaum; Macro-
molecules , 40, 5075 (2007).

[3] P. Müller-Buschbaum, Anal. Bioanal. Chem. 376, 3 (2003)

[4] S.V. Roth et al., Rev. Sci. Instr. 77, 085106 (2006)

3.2 Magnetic properties of magnetic nanoparticles in a copo lymer matrix

L. Schulz1, W. Schirmacher, S. Vallopilly 2, P. Böni3, W. Petry, P. Müller-Buschbaum

1 Now at Dept. de Physique, Université de Fribourg, Switzerl and
2 LENS, Indiana University Cyclotron Facility, Bloomington , USA
3 Phys.-Dept. TUM. E21

Magnetic properties of nanoparticle systems have been and are until now of great interest due
to a wealth of technological applications which vary from el ectronic data storage to medical
applications. Samples involving magnetic nanoparticles c an be powders, magnetic colloids or
particles imbedded in a solid nonmagnetic matrix. If the par ticles are smaller than the typical
radius of magnetic Bloch domains their atomic magnetic mome nts point all into the same
direction (supermoment or superspin). If this direction ca n easily follow that of an applied
�eld one speaks of superparamagnetism i.e. classical Landau-Lifshitz type magnetism with
huge spins. The equation of statesM (H ) of classical spins is given by the Langevin function
M (H ) = M S[coth(x) � 1=x] with x = M SV H=kB T where M S is the saturation magnetization
and V the particle volume. If the material has an exchange anisotr opy the reorientation of
the moments can be blocked below a certain temperature or for particle volumes exceeding
a certain limiting value. This is due to a reorientation barr ier which leads to an activated
reorientation rate of te form � � 1 = � 0 expf� KV=kB Tg, where K is the exchange anisotropy
per volume and � 0 is an attempt frequency of the order of 1010 Hz.
In the present study magnetic properties of thin composite �l ms, consisting of polystyrene-
coated 
 -Fe2O3 (maghemite) nanoparticles embedded into polystyrene-blo ck-polyisoprene
(P(S-b-I)) matrices, are investigated. Since the nanoparticles are coated with polystyrene, they
show an af�nity to the polystyrene lamellae [1].
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Figure 3.2:
Left:“Superparamagnetic” magnetization curves of sample s with different particle con-
centrations, �tted with the Langevin function, averaged ov er a Log-normal volume dis-
tribution of width � = 0 :6.
Right: Out-of phase AC susceptibility � 00(T ) at � = 10 kHZ for FC and ZFC compared with
the log-normal distribution of width � = 0 :6 and � = 0 :8.

Samples with nanoparticle weight concentrations of c = 0, 0.7, 2, 4, 8, 14, 16, 18, 20, 25 and
43 w% were prepared by the solution casting technique to allo w for an equilibration of the
morphology. Precleaned silicon wafers were used as substrates.
The magnetic properties of our samples were investigated wi th a Physical Property Measure-
ment System (PPMS) from Quantum Design. The left part of Fig. 3 .2 shows the magnetiza-
tion curves observed at 300K. As the magnetic particles are polydisperse we �tted a Langevin
function averaged over a log-normal volume distribution P(V ) / expf� (ln V=V0)2=2� g with
width � = 0 :6
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Figure 3.3: FC and ZFC magnetization (left) and in-phase AC susceptibil ity (right) vs. temperature

We found that the saturation magnetizations are proportion al to the weight concentration of
the magnetic additives, which indicates that interaction e ffects between the particles play a
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minor role.
Together with the magnetization we measured also the AC susc eptibility � (�; T ) = � 0(�; T ) +
i� 00(�; T ) at � = 10 kHZ, where � 0 is the in-phase and � 00the out-of-phase susceptibility. It is
well known that the temperature dependence of � 00follows precisely the volume distribution
P(VT ) with VT = kB T ln( � 0tm )=V, because it is sharply peaked around VT . In the right part of
Fig. 3.2 we show � 00vs. T for �eld-cooled (FC) conditions, (i.e. with decreasing temperature
and an applied �eld of H0 = 500 Oe) and for zero-�eld-cooled (ZFC) (i.e. the sample was
cooled in zero �eld to T = 2 K, then an applied �eld of H0 = 500 Oe was applied and the
temperature was raised). We see that both types of data for di fferent concentrations follow
precisely the log-normal distribution with � = 0 :8. As the magnetization �ts are not perfect,
we beleave that the polydisperse distribution is that indic ated by the � 00(T) curve.
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Figure 3.4:
Left: Magnetic-moment curves at 300K (full lines) and 2K (da shes) for the two highest
concentrations (see Fig. 3.2).
Right: Hysteresis Curves at different temperatures calcul ated with a classical Néel-type
switching model

As maghemite is known to have an appreciable exchange anisotropy it is not surprizing that
the magnetization and in-phase susceptibility � 0 differs below � 60 K, which is just near the
maximum of � 00. As - at a given temperature T - the super-magnetization of a n anoparticle
with volume greater than VT is essentially blocked, the curve in the right part of Fig. 3. 2
represents the distribution of blocking temperatures. Thi s is the reason for the discrepancy of
the FC and ZFC curves in Fig. 3.3 below 60 K. Below this temperature also a �nite hysteresis
is to be expected. We measured the magnetization atT = 2K, which is depicted together with
the 300 K magnetization in the left part of Fig. 3.4. It is asto nishing that the slope of the
curves is the same. Using the blocking model of Néel [2] we pe rformed calculations of the
hysteresis curve for different temperatures. It can be seen from the right part of Fig. 3.4 that
for a temperature difference of more than 10 K an appreciable difference in slope is expected.
However, our data at 2K and 300K have essentially the same slope.
So we found that the temperature dependence of our samples cannot be explained within
the classical model. Néel's model of spin switching betwee n different equilibrium angles has
been generalized to include tunneling at low enough tempera tures [3-5]. The result is that
the relaxation rate becomes temperature independent below a certain crossover temperature
Tcross = ~B=Kk B , where ~B is the WKB tunneling exponent per volume, where it is equal to
� 0 expf� KV=kB Tcrossg. We therefore claim to have evidence for quantum tunneling o f the
magnetization of the nanoparticles at low temperatures. Mod el calculations including this
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effect in order to explain our �ndings are under way. We see alr eady from the right part of
Fig. 3.4 that probably the 300 K data correspond to T � � 10, whereas the 2K data correspond
to T � � 1, indicating that quantum tunneling starts below � 30K.

[1] V. Lauter-Pasyuk, H. Lauter, G. Gordeev, P. Müller-Bus chbaum, B. Toperverg, M. Jernenkov, W.
Petry, Langmuir, 19, 7783 (2003).

[2] L. Né el Ann. Geophys. 5, 99 (1949).

[3] M. Enz and R. Schilling J. Phys. C: Solid State Physics19L711 and 1765 (1986).

[4] J. L. van Hemmen, A. Sütö, Europhys. Lett. , 1 (1986); Physica 141 B, 37 (1986).

[5] E. M. Chudnovski, L. Gunther, Phys. Rev. Lett. 60, 661 (1988): J. Tejada, X. X. Zhang, E. M. Chud-
novski, Phys. Rev. B47, 14977 (1993).

3.3 In-situ observation of nanoparticle ordering at the air -water-substrate bound-
ary in colloidal solutions using X-ray nanobeams

S.V. Roth1, T. Autenrieth 1, G. Grübel1, C. Riekel2, M. Burghammer 2, R. Hengstler,
L. Schulz, P. Müller-Buschbaum

1 HASYLAB at DESY, Hamburg, Germany
2 ESRF, Grenoble, France

Nanostructuring using solution casting is one method of cho ice to install large-area two-
dimensional (2D) thin �lms with speci�c morphology, offering the possibility to design 2D
or three-dimensional (3D) photonic crystals. This method i s especially important and appli-
cable in the �eld of colloidal particles, as colloidal partic les are often suspended in aqueous
solutions.

Figure 3.5:
a) Quantitative analysis of the length scales in ver-
tical direction as derived from the x-ray data. The
time is calculated relative to tb, hencet = 0 s corre-
sponds to the arrival of the three-phase-boundary
at the beam position. For 780 s = t = 2000 s, the
layer thickness remains nearly constant. The sub-
sequent increase stems from layer-by-layer deposi-
tion (one layer each 340 s). After the peak, com-
paction of the colloidal layer occurs, and the height
stays constant. b) Most-prominent in plane length
scale � . � (t) follows a t0:32� 0:06 power-law. The
lower symbols indicate the radius of the spheri-
cal gold nanoparticles for comparison. Clearly, the
layer-by-layer deposition is retarded with respect
to the lateral nanostructuring. Taken from [4].
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However, nanostructuring is a very complex process involvi ng several mechanisms. Solvent
evaporates and increases the concentration of the colloidal particles. The increased evapora-
tion near the contact line drives a convective �ow within the drop that transports material
towards the periphery. Additionally, an increased solute c oncentration and a decreased tem-
perature near the three-phase contact line may trigger solu tal and thermocapillary Marangoni
�ows. However, also the interaction with the substrate and t ransversal contact line instabil-
ities have to be taken into account. Finally, capillary forc es come into play as soon as the
solution �lm has a comparable thickness as the colloidal part icles' diameter.
Previous studies addressed the ordering of nanoparticles at the liquid-air interface [1]. How-
ever, for technical applications it is of great importance t o transfer this order to a solid
substrate [2]. The interaction with the substrate allows fo r tuning the arrangement of the
nanoparticles and thus the layers' optical properties. Hen ce it is only natural to investigate
in-situ the evolution of ordering at the three phase contact line liquid-air-substrate.
As samples, we chose commercial unconjugated colloidal gold solutions. Gold nanoparticles
are inert and moreover have the advantage of strong scattering contrast to the solvent (water).
A droplet of 25 �l volume was deposited on a blank, acidly cleaned Si-wafer sur face using
a high-precision, remotely controlled syringe pump availa ble at ID13. The resulting droplet
diameter on the surface was 3 mm.
For the �rst time a grazing incidence setup was operated with a nanometer sized x-ray beam,
giving rise to an new class of experiments, namely nanobeam-grazing incidence small-angle
x-ray scattering (nanobeam-GISAXS) experiments. We used the extremely brilliant 300 nm-
size beam (FWHM) produced by Fresnel zone plates at a wavelength of 0.0976 nm. Due to
the small beam diameter in the nanobeam small-angle x-ray scattering (nanoSAXS) geometry
[3] and the incident angle of � i < 0.543� , the footprint on the sample surface was only 0.3 �m
x 32 �m . Hence the surface curvature of the droplet can be neglected and the droplet surface
with respect to the beam can be considered as locally �at. The evaporation time was tb = 3250
s.
The result is shown in Fig. 3.5. For times t < 2000 s, a constant height is found. This seems to
correspond to a rapidly deposited, short-range order hexag onal close packing of an n=2 layer
of colloidal spheres of 2 nm diameter. For t > 2260 s, which is much larger than the time where
lateral growth sets in, a linear growth following 0.0049 nm/ s � t in height H of the layers is
found. At t = 3770 s the vertical growth is essentially �nished and levels o f into its �nal value
H = 9.2 nm due to compaction. From the linear time-dependence 2080 s< t < 3770 s, one
can estimate the establishment of a full layer with height in crease of 2 nm xsin 60� = 1.7 nm
every 340 s, assuming close packing of the colloidal particles. This would correspond to a
layer-by-layer growth every 340 s assuming close packing. A s one can see the �nal ordering
in this aqueous colloidal solution takes place with time sca les on the order of some 10 s. More
remarkably, the lateral growth is �nished beforevertical growth sets in. To our knowledge,
this time delay between vertical and lateral growth has not b een reported yet.

[1] S. Narayanan et al., Phys. Rev. Lett.93, 135503 (2004)

[2] W. Cheng, et al., Nat. Mater. 5, 830 (2006)
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[4] S.V. Roth et al., Appl.Phys.Lett. 91, 091915 (2007)
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3.4 In situ GISAXS study of gold sputtering onto a polymer tem plate

E. Metwalli, V. Körstgens, S. Couet1, K. Schlage1, R. Röhlsberger1, S.V. Roth1,
P. Müller-Buschbaum

1 HASYLAB at DESY, Hamburg, Germany

Recent advances in the patterning of polymers have enabled the fabrication of integrated
micro- and nanosystems with a high degree of complexity and f unctionality [1-3]. For exam-
ple, block copolymers have attracted immense interest for n anotechnology applications be-
cause of easy processability and low-cost fabrications. The chemically distinct and immiscible
polymer blocks in block copolymers microphase-separate an d self-assemble into ordered pat-
terns on the scale of nanometers. This soft nanostructured polymer �lm can further be used
as a template for patterning of hard inorganic materials suc h as metal nanoparticles. Metal
nanoclusters in a matrix of insulating polymer have unique p hysical properties and have been
proposed for optical, electrical, and magnetic applicatio ns. The techniques used for the metal
patterning along with the various mechanisms (adsorption, surface diffusion, nucleation, and
agglomeration) involved in the dispersion process of the na noparticles within the polymer
�lm make it dif�cult to understand the dynamics of nanoparticl e formation in polymer ma-
trix. In the present study we used the sputtering technique t o investigate the deposition of
gold nanoparticles onto commercially important types of co polymers–the thermoplastic elas-
tomers. A mixture of polystyrene- block-polyisoprene-block-polystyrene P(S-b-I-b-S) triblock
and polystyrene- block-polyisoprene P(S-b-I) diblock copolymers is known for its use in pres-
sure sensitive adhesive (PSA) applications [4]. Here, we report on using a detachable DC
magnetron sputtering deposition system mounted at a beamli ne allowing for grazing inci-
dence small-angle X-ray scattering (GISAXS) to investigate the in situ formation and growth
of gold nanoparticles in the polymer �lm. The GISAXS measurem ents were carried out at
beamline BW4 of DORIS III storage ring [5, 6] at HASYLAB (DESY, Hamburg). The sample
inside the sputtering chamber was placed horizontally (xy p lane) and at an incidence angle
� i = 0.4 to the incidence x-ray beam by tilting the whole chamber using a goniometer. The
incidence angle is well above the critical angle of both the p olymer �lm and the substrate (
� c(SIS=IS ) = 0.133 ,� c(Si ) = 0.200 ); therefore, the Yoneda peaks of both materials and specu-
lar peak are well separated on the 2D detector. At this angle o f incidence both surface and
bulk nanostructures of the polymer �lm are accessible. Struc tural information is obtained by
horizontal (q y) and vertical (q z) cuts of the 2D intensity distribution. The resulting inten sity
pro�les were �tted using a software IsGISAXS [7], which is base d on the distorted-wave Born
approximation and the DA (decoupling approximation) for pa rticles encapsulated in a layer
on a substrate. The interference function is �tted with a two p arameter functions; the average
distance, D and the disorder parameter, ! . The program was also used to model the full
2D intensity distribution. It allows us to determine the int er-particle distance, D, the particle
shape, lateral size, and size distribution.
The GISAXS 2D images (Figure 3.6-a) of the thin blend copolymer �lm show two intensity
maxima (marked with arrows), separated by the shadow of a rod -shaped beamstop, visible
along qy direction, that originate from the interference of the PS-d omains. This interference
effect arises because the PS domains are separated by a preferential nearest neighbors (center-
to-center) distance, D. The detection of only one interdoma in interference and the absence
of additional secondary bcc peaks (at q2/q 1 =

p
2 and q3/q 1 =

p
3) indicate that no regular

spatial arrangements of the PS-rich domains and a more liqui d-like ordered structure best de-
scribe the morphology of the polymer �lm. The deposition of go ld on this polymer template
was performed for 6-second periods and the in situ GISAXS measurements were collected
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Figure 3.6:
Composite images showing 2D scattering patterns of phase separated thin blend copoly-
mer �lm, (a) 10 repetition of six-second corresponding to 0. 43 	A deposition of gold per
repetitions onto the polymer �lm (b-k), and after 10 h relaxa tion of the 4.3 	A gold covered
copolymer �lm (l). The intensity is shown on a logarithmic sc ale. The gray rectangle in
the middle of the images indicates the rod beam stop and the ho rizontal black line with
pointlike end is the specular beam stop. Two white arrows ind icate the two scattering
intensity maxima along the q y direction.

for 30 second immediately after the deposition step. The dep osition steps (at a rate of 4.3
	A/min for six seconds) followed by the GISAXS measurements w ere both repeated for 10
times and the 2D intensity pro�les are shown in Figure 3.6 b-k. As the amount of deposited
gold increases, the prominent peak at qy = 0.015 	A � 1 on both sides of the beam stop gradually
grows in intensity along the q z axis (Figure 3.6 b-k). The �tting of the out-of-plane cuts (q y)
of the 2D scattering intensity pro�le (at q z position of 0.025 	A � 1) was performed for q y �
0.005 	A � 1 and indicates no strong in�uence of the accumulated gold par ticles on the overall
lateral structures of the polymer �lm. In addition, no additi onal characteristic scattering peak
is observed for the gold particles on the q y direction. On the other hand, the vertical cuts
(qz) obtained at the prominent peak (at q y position 0.015 	A � 1; shown in Figure 3.6 as two
vertical growing intensity) shows a gradually increase of t he intensity with increasing of the
amount of gold. The polymer �lm model was simulated using the h igh x-ray refractive index
gold particles instead of the PS domains. The results of this simulation compared with the ex-
perimental one indicates that the gold diffuse inward, and a ggregate inside the PS domains.
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The polymer �lm sputtered with 4.3 	A gold was kept to relax for 10 h and then the GISAXS
measurement was performed to investigate a possible structural reorganization of the gold
nanoparticles inside the �lm (Figure 3.6-l). The GISAXS stud y indicates negligible changes in
the �lm structure after 10 h relaxation time of the gold covere d polymer �lm and reveals that
the gold nanoparticles aggregate and form a stable morpholo gy within the �lm.
As a conclusion, the in situ GISAXS investigation is critica l for understanding how the ar-
rangements of metal nanoparticles correlates with the stru cture of copolymer domains within
the �lm and opens new possibilities for the investigation of m etal-polymer interactions. Our
results indicate that gold migrates to the central regions o f the polymer �lm and decorates the
spherical PS domains. The gold-gold interaction in PS regions dominates the gold-polymer
interaction. Metal aggregation occurs at a rate faster than the diffusion of gold atoms in the
polymer. Our study introduces the concept that, without the rmal annealing of the gold at-
tached polymer �lm, the gold assembly is not limited to the �at two dimensional but also
included in the three dimensional structures.
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3.5 Structure of gold �lms as contact material in organic pho tovoltaic devices

G. Kaune, K. Schlage1, S. Couet1, R. Röhlsberger1, S. V. Roth1, P. Müller-
Buschbaum

1 HASYLAB at DESY, Hamburg, Germany

Photovoltaic energy conversion systems based on organic materials have attracted increasing
interest within the last years. Due to easy available basic materials and simple processing
methods organic solar cells are inexpensive in production a nd thus a promising alternative
to inorganic solar cells for power supply of low-cost and mob ile electrical devices. Common
architectures for organic solar cells consist of two conduc tive polymers [1], an inorganic semi-
conductor and a polymer [2] or a blend of a polymer and a fuller ene [3]. In order to pick off
the generated voltage, two electrodes are required. Usually a transparent conducting oxide
is used as front electrode and a thin metal �lm acts as back electrode. By its work function
the metal electrode has a strong in�uence on the electrical p erformance of the solar cell, but
additionally it can also change structural properties of th e active layer. For this reason, it is
necessary to understand the growth process and the interaction with the underlying compo-
nents.
The model system used for this study consists of nanostructu red titanium dioxide and poly-
N-vinylcarbazole. On top of this, a thin gold layer was depos ited by sputtering and structure
evolution was monitored in-situ with grazing incidence sma ll angle scattering (GISAXS). The
experiment was carried out at HASYLAB beamline BW4, which wa s equipped with a DC-
magnetron sputtering chamber. Sputtering power was set to 4 W, yielding a deposition rate



52 PHYSIK -DEPARTMENT E13 ANNUAL REPORT 2007

of 0.43 nm/min. The sample-to-detector distance was set to 1.9 m and a wavelength of 0.138
nm was used. For the incident angle a value of 0.8o (above the critical angle of gold) was
chosen. To achieve the required time resolution, the experiment was performed in cycles of
one minute deposition and a subsequent measurement. In total, 49 cycles were carried out
and a gold �lm of 21 nm thickness was deposited.

Figure 3.7:
2d GISAXS scattering images as probed during gold contact deposition: the upper left
corner shows the image of initial state before deposition an d the lower right corner the
image of the �nal state after 49 deposition cycles.

Figure 3.8:
a) Vertical cuts and b) horizontal cuts taken from the 2d scat tering images. Only the cuts
of every third image are shown, deposition time increases fr om bottom to top. c) The time
evolution of particle height and distance as determined fro m �tting the data.

Fig. 3.7 shows the 2d scattering images of all 49 cycles. It isclearly visible that within the
�rst minutes of gold deposition the scattering image of the ba re composite �lm is superim-
posed with the characteristic scattering image of gold. Wit h ongoing deposition, the height
growth of the gold �lm dominates the evolution of the scatteri ng image by forming a mod-
ulation along the a f -axis. With growth in �lm thickness, the wavelength of the mod ulation
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decreases, while the number of modulations increases. This evolution is also visible in the
vertical cuts taken at the centre position of the images show n in �g. 3.8a. Fig. 3.8b shows the
corresponding horizontal cuts. The most prominent feature here is a weak side peak moving
from the outer edge to the middle. For further analysis the cu ts were �tted with IsGISAXS [4].
The best results were obtained by use of a model of cylindrica lly shaped particles arranged
in an isotropic paracrystal distribution. With this model i t was possible to determine particle
height values from the vertical modulation and to assign the side peak to the distance of the
gold particles (�g. 3.8c). Height growth is linear in time ove r the whole deposition time, with
exception of the very �rst minutes, where no statement about p article height can be made
from the scattering data. Due to lateral growth and coalesce nce of the gold clusters their av-
erage distance increases during deposition. The fastest increase is observed within the �rst
minutes, after about 40 min deposition time lateral growth o f the particles stops and the parti-
cle distance reaches a nearly constant value. At the chosen deposition conditions diffusion of
the gold can be considered as low [5], what is con�rmed by the ob served linear height growth
of the particles.
From this results it can be concluded that under the chosen conditions the gold top contact
grows in an ordered and controlled manner, what is favourabl e for application in a photo-
voltaic cell.

[1] A. J. Breeze, Z. Schlesinger, S. A. Carter, H. Tillmann, and H. H. Hörhold, Sol. Energy Mater. Sol.
Cells 83, 263 (2004)

[2] W. U. Huynh, J. J. Dittmer, and A. P. Alivisatos, Science 295, 2425 (2002)

[3] W. Ma, C. Yang, X. Gong, K. Lee, and A. J. Heeger, Adv. Funct. Mat. 15, 1617 (2005)
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3.6 Combinatorial investigation of nanostructures formed in a titanium dioxide
based nanocomposite �lm on top of �uor-doped tin oxide layer s

P. Müller-Buschbaum, J. Perlich, M.M. Abul Kashem, L. Schulz 1, S.V. Roth2,
Y.J. Cheng3, J.S. Gutmann3

1 Université de Fribourg, Fribourg, Switzerland
2 HASYLAB at DESY, Hamburg, Germany
3 MPI for Polymer Research, Mainz, Germany

In the past decade, there is a growing interest in the �eld of po lymer-based photovoltaic (PV)
technologies and conversion concepts. Typically, PV devices are built in a sandwich structure
on indium tin oxide (ITO) or �uor-doped tin oxide (FTO) coate d glass substrates. Both, ITO
and FTO, are transparent metal oxides, and thus ideal as transparent electrodes. Because
ITO/FTO has a variable workfunction, it is rarely used as the lone bottom electrode. Either
PEDOT-PSS or TiO2 is used for the transparent material deposited on top of the I TO/FTO
substrate, resulting in opposite polarity devices due to di fferential workfunction steps. TiO 2

is a promising candidate as an electron acceptor and transport material, as con�rmed by its
use in dye-sensitized cells and hybrid polymer/TiO 2 cells . When light is incident on TiO 2, it
becomes relatively conducting so that the quasi Fermi-leve l of the photodoped TiO 2 appears
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to play an important role in determining the open circuit vol tage. Both TiO2 and PEDOT-PSS
have been shown to improve device performance over bare ITO/ FTO. The morphology of
the TiO2 layer greatly in�uences the ef�ciency of the devices and inte rface structure between
ITO/FTO and the TiO 2 barrier layer is of special interest. One very promising way to fabricate
nanostructured TiO 2 layers on top of ITO/FTO is a solution-based sol-gel process [1]. An
amphiphilic block copolymer, poly(styrene)-block- poly( ethyleneoxide) denoted P(S-b-EO),
is used as a template to obtain nanocomposite �lms, followed b y calcination at 450o C for 4
hours to obtain crystalline TiO 2 nanostructures.

Figure 3.9:
a) Composite image comprising the 2d scattering patterns fr om 20 positions along the
FTO-gradient (left to right and top to bottom). The top left s cattering pattern was mea-
sured at the largest FTO thickness and the bottom right one at the bare glass substrate.
Each 2d image shows an angular range of 1.05o in horizontal (out of plane) and 1.86 o in
vertical direction. The specular peak is blocked with a smal l beamstop. b) Sketch of the
FTO gradient coated with a nanocomposite layer probed in the combinatorial approach. c)
Detected characteristic lateral length of the FTO layer (solid symbols) and of the nanocom-
posite �lm (open symbols) plotted as a function of the positi on in gradient direction y. For
comparison the relative change in the FTO signal I F T O /I o (solid line) is superimposed to
show the gradient position. Taken from [4].

Within the present investigation we apply a combinatorial a pproach to focus on P(S-b-EO)-
titania nanocomposite structures on the FTO �lm. Thus we addr ess the �rst important step
in creating the anode of a PV device. Instead of a simple homogenous FTO layer on the glass
substrate a thickness gradient between the homogeneous FTOlayer and the bare glass surface
is investigated. Part of the 654 nm thick FTO layer (Solaroni x SA) on boroalumino silicate
glass (TCO10-10) was removed by etching resulting in the wedge-shaped gradient between
the intact FTO layer and the bare glass surface. The P(S-b-EO)-titania nanocomposite �lm
results from spin-coating. The TiO 2 nanostructures have a nanowire-like shape due to the
chosen conditions [2].
The structural investigation is based on a combination of th e surface sensitive scattering
technique, grazing incidence small angle X-ray scattering (GISAXS), and a moderate micro-
focussed X-ray beam (size (H*V) 60*30� m2) [3]. The scattering experiment was performed
at the beamline BW4 at HASYLAB (Hamburg) at wavelength of 0.1 38 nm. The FTO-gradient
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was aligned perpendicular to the X-ray beam. Position sensi tivity was achieved by scanning
the FTO-gradient. A region of 1 mm was scanned in steps of 50 � m. Thus the change in FTO
thickness from 654 nm to the bare glass surface was probed completely. Fig. 3.9a shows the
corresponding two dimensional (2d) GISAXS patterns [4]. Al ready the 2d GISAXS patterns
show a clear change along the gradient due to the change in the morphology.
For analysis line cuts in out-of plane direction from the 2d G ISAXS pattern [3] are performed.
To emphasize on the structure of the FTO layer the cuts were performed at the critical angle
of FTO and in addition to probe the structure of the nanocompo site �lm cuts were performed
at the critical angle of PS. Characteristic lateral distances� of the FTO and the nanocomposite
�lm were modelled with a structure factor. A Lorenzian-type d istribution of was assumed to
account for statistical deviations from this nearest neigh bour distance. In the �t the experi-
mentally determined resolution function was taken into acc ount. Major result is the charac-
teristic lateral length � for both layers. In Fig. 3.9c these information are plotted a s a function
of the position along the FTO-gradient.
The FTO �lm exhibits a dominant length of 18 nm, which is unchan ged as a function of the
position. The absence of FTO is correlated with the vanishin g of this lateral length. The shape
of the gradient is extracted from the intensity of the relate d structure factor peak normalized
by the primary intensity I F T O /I o. As visible in Fig. 3.9c in the beginning the gradient is quit e
steep due to the applied etching [4]. Again the vanishing of t his intensity marks the end of
the part covered with FTO. FESEM is not suited to display the g radient properly, due to the
angular parallax and atomic force microscopy fails due to it s extremely localized sampling
area.
The nanowire-shaped TiO2 parts of the nanocomposite �lm give rise to a lateral length of
200 nm, corresponding to the distance between adjacent nanowires, on top of the thick FTO
�lm. Along the gradient this structure changes. It decreases down to 90 nm on the pure
glass surface. Between both limiting values the decrease isdue to the FTO-gradient (see Fig.
3.9c). This dependence on the substrate surface shows that the applied sol-gel process is not
only sensitive to parameters of the solution which de�ne the p osition in the ternary phase
diagram [2] and the applied preparation conditions in terms of humidity and temperature.
The resulting structures of the nanocomposite �lm strongly d epend on �ow �eld installed
during the spin coating and on the acting interface potentia l. The �ow �eld on the rough
FTO layer differs from the one on top of the smooth glass surfa ce. FTO and glass as well
as both blocks PS and PEO differ in polarity and surface energy. Consequently, different
morphologies of the P(S-b-EO) matrix, which acts as a template during the sol-gel process,
can be formed, depending on the FTO layer thickness [4].

[1] D.H. Kim et al., Adv. Funct. Mater. 15, 1160 (2005)
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3.7 Microbeam GISAXS investigation of the morphological mo di�cation of TiO 2

nanocomposite �lms

J. Perlich, M. Memesa1, J. S. Gutmann1;2, S. V. Roth3, P. Müller-Buschbaum

1 Max-Planck Institute for Polymer Research, Mainz
2 Institute for Physical Chemistry, Johannes Gutenberg Univ ersity, Mainz
3 HASYLAB at DESY, Hamburg

The creation of nanostructured TiO 2 (titania) thin �lms is of great interest for many appli-
cations, due to their electrical performance. The performa nce is strongly dependent on the
morphology of the nanocomposite �lms. For the preparation of the TiO2 nanocomposite
�lms we combine the amphilic diblock-copolymer P(S-b-EO), w hich acts as the templating
agent, with an inorganic sol-gel chemistry [1]. First, the d iblock copolymer is fully dissolved
in 1,4-dioxane. Afterwards, hydrochloric acid (HCl) and ti tanium tetraisopropoxide (TTIP)
are added into the polymer solution as the source for the sol- gel process. Because HCl and
TTIP are poor solvents for the hydrophobic block, a so-calle d good-poor-solvent pair induced
phase separation leads to the formation of nanostructures by �lm preparation via spin-
coating. The different morphologies can be controlled by th e solvent concentration. In order
to obtain crystalline TiO 2 �lms as the �nal step calcination is conducted at higher temper ature
in air. For the investigation of the morphologies of the sol- gel templated nanocomposite
�lms microbeam grazing incidence small angle X-ray scatteri ng (� GISAXS) experiments
were performed at the beamline BW4 [2,3]. For the experiment s a moderate micro-focused
beamsize of (H x V) 60 x 30 � m2 used. Synchrotron radiation with a wavelength of 1.38 	A
was used for the measurements. A 2D-MarCCD detector (2048 x 2048 pixels) was used to
record the scattered X-rays from the surface.

Recent experiments were performed on Si-wafer substrates covered � GISAXS investigations
of the TiO2 nano-composite �lms in dependence of the basic sol-gel proce ss parameters. How-
ever, the approach of modifying the morphology of the nanoco mposite �lms by swelling the
PS-block of the P(S-b-EO) expands the basic accessible components by a well-controllable
parameter [4]. For this experiment, samples with identical sol-gel process parameters are
prepared but different amounts of PS homopolymer are added. In Figure 3.10 2D scatter-
ing images of samples with different PS weight fractions are shown. The absence of a split
Yoneda peak or side maxima at a constant exit angle corresponds to the fact that there are no
highly ordered structures of a certain size in the �lm, which c oincides with the existing struc-
ture of nanowires and nanowire aggregates veri�ed by FESEM (s ee Figure 3.11a). From the
recorded 2D intensities, it is recognized that the scatteri ng intensity changes as a function of
the PS weight fraction. For the presented 2D intensities wit h w P S = 0.03 and 0.1, the main 2D
features have a similar appearance, and only changes in a broader intensity distribution are
recognized, hence representing merely a slight modi�cation of the morphology as a function
of w P S. In contrast, for w P S = 0.5 the Yoneda peak looks rather different and gives rise to the
conclusion that the morphology changes to a larger extent. T he corresponding horizontal cuts
for TiO 2 are shown in Figure 3.11a for the samples after calcination. The plateau-like features
of the cuts indicate the presence of structures that are not highly ordered. This necessarily
coincides very well with our qualitative judgment of the 2D i ntensity distribution.

The dominant lateral lengths are determined by a model �t to th e data, taking into account
the form and structure factors as well as the resolution func tion. The obtained structures are
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Figure 3.10:
Composition of 2D scattering patterns of the sample series before (top row) and after
(bottom row) calcination. In each row, the 2D scattering pat terns correspond to PS ho-
mopolymer weight fractions of 0, 0.03, 0.1, and 0.5 (from lef t to right). For each 2D image,
the horizontal (or out-of-plane) angle 	 is plotted along the x axis, and the exit angle � f is
plotted along the y axis. The intensity is shown on a logarith mic scale. For color coding:
blue/dark = low intensity and purple/white = high intensity . [4]

Figure 3.11:
(a) TiO2 out-of-plane cuts (symbols) of the 2D intensity as a functio n of the qy component
of the scattering vector. The solid lines are the �ts for dete rmining the most prominent in-
plane length scale. From bottom to top, the PS homopolymer we ight fraction increases as
indicated for the samples after calcination. The dashed lin e indicates the resolution limit of
the GISAXS experiment. The two structures are marked with I a nd II. The arrows roughly
display the shift with changing PS weight fraction. The corr esponding FESEM images
of the samples after calcination are included in the �gure. I n (b) the most prominent in-
plane lengths � I (triangles) and � II (circles) of the structures related to features I and II,
respectively, in (a). Data are plotted as a function of the PS weight fraction for the sample
series before (open symbols) and after (�lled symbols) calc ination. For comparison, the
� I obtained from the PSD master curve for the sample series after calcination by AFM is
included in the plot (stars). [4]

summarized in Figure 3.11b, where the most prominent in-pla ne length scales are plotted.
For the sample series before calcination the larger structure � I , identi�ed as the distance be-
tween TiO2 objects (i.e. nanowire aggregates), remains unchanged within the error bars. In
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contrast, the � II values, corresponding to the size of the nanowire aggregates, decrease with
increasing wP S.
In summary, �ne tuning of the morphologies is achieved by usin g amphilic diblock copoly-
mer P(S-b-EO) swelling as the structure-directing agent combined with so called good-poor
solvent pair-induced phase separation coupled with sol-ge l chemistry. Hybrid and calcined
structures follow the desired behavior as in standard sol-g el structure formation [4].
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4 Bio-polymers

4.1 The in�uence of medium pressure on global and internal dy namics of human
hemoglobin: observation by quasielastic neutron scatteri ng.

M.-S. Appavou 1, S. Busch1, W. Doster, A. Gaspar1, T. Unruh 1

1 FRM II, Garching

Pressure is a well spread physical parameter in life [1], whi ch is increasingly used in ster-
ilization and bio-conservation processes in food and pharm aceutical industries. Other ap-
plications in Life Sciences concern modulation of protein f olding pathways or association-
dissociation phenomena of macromolecular large scale structures [2]. Protein association has
a major impact on the regulation of biochemical pathways. Pr essure offers a reversible in-
strument to control the state of association of proteins and other biomolecular complexes.
At pressures below 2 kbar mainly dissociation phenomena and pressure-induced structural
changes occur. To unfold small proteins under stable condit ions, requires pressures above
4 kbar. However cold-denaturation can occur below 2 kbar. Qu asielastic neutron scattering
allows to explore the effect of packing on fast internal moti ons of proteins [3,4]. Few neutron
scattering studies on biomolecules were performed using th is physical parameter up to date.
The �rst unfolding study with inelastic neutron scattering w as published by Doster et al [5,6]
with myoglobin at pressures up to 7 kbar. Other studies were p erformed by Appavou et al
for BPTI [7] and by Di Bari for Trypsin [8].

Figure 4.1:
dynamic susceptibility of hemoglobin in solution at 1 bar an d 1 kbar, both protein diffu-
sion and internal dynamics can be resolved by TOFTOF

As a �rst step the in�uence of pressure on biomolecular dynami cs on a picoseconds time scale
was investigated with neutron time-of-�ight spectroscopy TOFTOF at the FRM2. Caseins
form micelles, which transport the otherwise insoluble cal cium phospate in neonates. It was
suggested that the mobility of disordered proteins in the mi celle contributes to its function.
Also a tetrameric protein, hemoglobin, was studied. It is of interest, whether intermolecular
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protein interactions due to association modify the chain dy namcis. For this purpose, a new
�at pressure cell with high transmission, based on an alumin um alloy was designed for pres-
sure ranges up to 2000 bar. The medium pressure cell is composed of 10 aligned channels with
1.6 mm diameter. The calculated transmission of the cell between the channels (5mm thick-
ness) is about 91,2 %, whereas the transmission through the cell (3.4 mm thickness) is around
93,9%. These numbers were con�rmed experimentally through T OFTOF experiments. With
Antares it was demonstrated that all channels could be �lled h omogeneously without bub-
bles. A series of pressure experiments were performed with t his setup on the time of �ight
spectrometer TOFTOF at FRM II (Garching, Germany). Changesin the state of association and
internal dynamics versus pressure were detected for the tet rameric protein hemoglobin and
the biomolecular complexes of � -casein. The diffusion of hemoglobin initially speeds up wi th
pressure, suggesting dissociation, and then slows down sli ghtly. The amplitude of internal
motions decreases with pressure. Similar effects were observed with casein micelles. But in
this case, the amplitude of internal motions increase with p ressure or degree of dissociation,
suggesting reduced intermolecular interactions.
[1] C. Balny, Bull. Soc. Fr. Biophys. 140 (2003) 10–13.
[2] C. Balny, P. Masson, K. Heremans, High pressure effects on biological macromolecules:
from structural changes to alteration of cellular processe s, Biochim. Biophys. Acta 1595 (2002)
1–402.
[3] J.A. McCammon, S.C. Harvey, Dynamics of Proteins and Nucl eic Acids, Cambridge Uni-
versity Press, Cambridge, 1988, p. 29.
[4] M. Bée, Quasi-Elastic Neutron Scattering, Principles and Applications in Solid State Chem-
istry, Biology and Materials Science, Adam Hilger, Bristol, 1988.
[5] W. Doster and W. Gebhardt, High pressure – unfolding of my oglobin studied by dynamic
neutron scattering, Chem. Phys. 292, 2003, 383-389.
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nology II p. 29, Springer 2003, Ed. R. Winter.
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4.2 Separation of coherent and spin-incoherent neutron sca ttering from protein
samples by polarization analysis

A. M. Gaspar1, W. Doster, M.-S. Appavou, S. Busch, M. Diehl, W. Haeussler1 2, R
Georgii1 2, S Masalovich1

1 FRM II, Garching
2 Lehrstuhl E21, TU München

We explored the possibility to perform polarization analys is to experimentally separate co-
herent and spin-incoherent nuclear scattering processes,from a representative set of samples
of interest for protein studies. Such a method [1,2] had so far limited application in the study
of amorphous materials [3-5], despite of the relevance of th e information that it provides. For
instance, it allows for the experimental determination of t he coherent structure factor Scoh(Q)
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of materials containing a signi�cant amount of hydrogen atom s, such as proteins, uncontam-
inated by the enormous incoherent background. Knowledge of t he relative importance of the
coherent and incoherent terms at different Q values is also a pre-requisite for the interpre-
tation of dynamical neutron scattering experiments, perfo rmed at instruments in which the
total dynamic structure factor is measured, as is generally the case of neutron time-of-�ight
and backscattering instruments.
The experiments performed rely on the principle that using a polarized incident neutron
beam and counting separately neutrons scattered with and wi thout spin-�ip, a separation
of the coherent from spin-incoherent nuclear scattering pr ocesses can be achieved. This is
because only 1=3 of the spin-incoherent scattering events from a sample with random nu-
clear polarization are without spin �ip (the other 2=3 being with spin �ip), while all the co-
herent nuclear scattering events correspond to scattering without spin �ip [6]. Hence from
INSF = I coh + 1=3 Iinc , ISF = 2=3 Iinc one directly obtains Icoh = I NSF � 1=2 ISF, I inc = 3=2 ISF. It
should be noted however that in practice, the scattered inte nsities need to be corrected for a
total �nite �ipping ratio, accumulating the effect of the imp erfections in the spin analysis and
manipulation components of the instrument (see e.g. [2]). F igure 6.4 illustrates how this sep-
aration was successfully achieved at the MIRA instrument at t he FRM II, over the small-angle
scattering region of a concentrated hemoglobin solution.
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Figure 4.2:
Small-angle scattering intensities of neutrons
scattered with and without spin �ip from a
concentrated solution of hemoglobin in D2O.
Results obtained at the MIRA instrument at
the FRM II.

A more complete set of static scattering measurements was obtained on different samples of
myoglobin (in dry powder, hydrated powder, and in deuterate d solutions of different con-
centrations), combining data from the MIRA and RESEDA instru ments at the FRM II with
data from the D7 instrument at the ILL, thereby covering a wid e Q range, from the small
(0:005< Q < 0:05 	A � 1) to the wide angle region (up to � 2.5 	A � 1). Results allowed obtaining
quantitative information on the fractions of coherent and s pin-incoherent scattering, which is
displayed in �gure 6.5 for the different myoglobin samples. F rom this �gure it is possible to
conclude that for the powder samples, for Q values above 0.3 	A � 1, the static incoherent term
represents more that 80% of the signal and that, for Q > 0:9 	A � 1, the coherent and incoherent
terms converge to the coherent and incoherent fractions of t he total cross section. This is not
the case for the protein solutions. Only at high protein conc entrations (say > 100 mg/ml), and
especially if the analysis can be restricted to 0:4 < Q < 1:2 	A � 1, we may also assume a domi-
nating incoherent contribution of approximately 80% of the total scattering. Otherwise, as in
the case of the more diluted solutions, the coherent and incoherent scattering contributions
appear similarly important, even with interchangeable pre dominance.
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Figure 4.3:
Fractions of the total scattering corresponding to coheren t and to spin-incoherent events,
obtained for the different myoglobin samples investigated .

These results are particularly relevant to the interpretat ion of time-of-�ight or backscattering
results obtained on protein solutions, or on any other liqui d or soft matter system, for which
the structure factor changes signi�cantly over the Q region g enerally investigated. Since the
dynamical correlations at the origin of the coherent and inc oherent parts of the spectra are not
the same [7,8], interpretation of the spectra requires appropriate consideration of these two
terms and of their relative importance.

A.M. Gaspar acknowledges the Portuguese Science and Technology Foundation (FCT) for support in
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4.3 Water vapour induced swelling of thin casein �lms

P. Müller-Buschbaum, E. Metwalli, J.-F. Moulin, R. Cubitt 1

1 ILL, Grenoble (france)

Milk and milk components are mainly used for related food prod ucts. Nevertheless, some of
the milk constituents such as casein have alternative non-food applications [1-2]. In ancient
Egypt casein-based glue was �rst used. Casein proteins in bov ine milk include four main
types: � 1s-casein (38 % ),� 2s-casein (10 %),� -casein (36 %) and� -casein (13%), which are
involved in formation of hydrated casein micelles of size on the order of 150-300 nm [3].

Figure 4.4:
GISANS line-cuts of the 2d intensity measured for different D2O swelling conditions (left).
The dry sample is shown for comparison. Strong changes are visible in the qy -range at
9*10� 1 nm � 1. This increase in intensity is related to an increased size (e.g. swelling) of the
casein micelles. Water uptake of the casein micelles as a function of swelling time (right).

Various models [4] are proposed for casein micelle structur e including coat-core, sub-micelles,
and the internal structure. The coat-core model describes the micelle as an aggregate of ca-
sein proteins with inner layer composition different from t he outer layer. The sub-micelles
model proposes the micelle as roughly spherically uniform s ub-micelles which are linked to-
gether via a calcium phosphate ion clusters. The internal st ructure model speci�es the mode
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Figure 4.5:
AFM images (1 x 1 � m2) for the casein �lms at 30 � C (left) and at 70 � C (right) in D 2O
vapour. The surface topography changes, however no bulk inf ormation is accessible with
AFM and GISANS is required to prove that this change is repres entative for the bulk.

of aggregation of different caseins. We have investigated thin casein �lms prepared using
spin coating method [5]. The GISAXS measurements [5] of the casein thin �lms indicated a
decrease of micelle size at the glass surface compared with the micelles in solution as probed
by dynamic light scattering (DLS). The micelles are arrange d on the surface in a compact
structure due to the moderate force applied during spin coat ing process. The GISAXS in-
vestigation shows that for intermediate thickness of casei n thin �lm, the size of the micelles
shrink by more than a factor of 2. In the present study, we aime d to �gure out the origin of
this shrinkage by performing swelling experiments in a cont rolled (with respect to pressure
and temperature) atmosphere of D 2O using a home-made vapour chamber. To the best of our
knowledge this is the �rst in-situ GISANS study on the swellin g of protein thin �lms.
Figure 4.4(left) shows clear structural variation upon D 2O uptake with the scattering being
more signi�cant with increasing the temperature of the swell ing experiments. The experi-
mental results were very impressive indicating the potenti al of this set up for the in-situ time-
dependent GISANS swelling experiments. Simply no alternat ive techniques would produce
such lateral structural information on the protein structu re as function of the water uptake.
In the performed experiments, the micelle size can be probed as a function of the water up-
take which would help to understand how water molecules affe ct the structure and hence
which model structure best describes the casein micelle formation. From Figure 4.4(right).,
the amount of incorporated water into the casein micelles li nearly increases with time up to
3 min and reach an equilibrium state after 11 min. Figure 4.5 s hows the AFM images for
swelling experiments at low (30 � C) and high (70 � C) temperatures. From the images the con-
trast is low at the high temperature (70 � C) due to higher water content. Our main conclusion
is that the relatively high water uptake into the casein mice lles thin �lms would favorably
support the sub-micelles structural model.

[1] J.-L. Audic, B. Chaufer, G. Dau�n, Lait 83, 417 (2003)

[2] C. R. Southward, N. J. Walker, Dairy Sci. Technol. 15, 201 (1980)

[3] J. E. Kinsella, CRC Crit. Rev. Food Sci. Nutr.21, 197 (1984)

[4] C. Phadungath, Songklanakarin J. Sci. Technol.17, 201 (2005)

[5] P. Müller-Buschbaum, R. Gebhardt, E. Maurer, E. Bauer, R. Gehrke, W. Doster, Biomacro-
molecules 7, 1773 (2006)



A NNUAL REPORT 2007 PHYSIK -DEPARTMENT E13 65

4.4 Micellar structure of casein investigated by � GISAXS

R. Gebhardt1, M. Burghammer 1, C. Riekel1, S.V. Roth2, P. Müller-Buschbaum
1 ESRF, Grenoble, France
2 HASYLAB at DESY, Hamburg, Germany

The aim of our research is to investigate the micellar struct ure of caseins in dependence of the
�lm microstructure. To achieve this, grazing incidence smal l angle x-ray scattering scans with
high positional precision in combination with micrometer- sized beams are used. The sample
for the casein �lm preparation [1] is obtained from the Chair f or Food Process Engineering
and Dairy Technology, TUM. Four different casein monomers an d colloidal calcium phos-
phate built up the heterogeneous casein micelle. The caseinmonomers consist of blocks with
a high amount of hydrophobic and hydrophilic amino acids. Th e colloidal calcium particles
are linked to phosphoserin rich patches in the hydrophilic b locks. The hydrophobic regions of
the caseins associate among themselves to stabilize the core of the micelle. An outer � -casein
layer, which can be regarded as a brush of polyelectrolyte mo lecules, prevents further un-
limited growth of the micelle by shielding further hydropho bic contacts. Structural changes
can be induced by destabilizing the layer structure, which w as done in recent experiments by
means of calcium and rennet gradients.

Figure 4.6:
Synchrotron radiation micro GISAXS setup: (A) incoming mon ochromated X-ray beam;
(B) mirror chamber; (C) vertical microscope; (D) ionizatio n chamber with micro aperture;
(E) casein �lm prepared on a glass slide; (F) two-axis goniom eter; (G) beamstop for direct
beam; (H) MAR165 CCD detector position and beamstop for specular peak

The experiments were conducted on the ID13 microfocus beamline [2] of the European Syn-
chrotron Radiation Facility (ESRF) in Grenoble, France. The experimental setup is shown in
Figure 4.6. The casein �lm sample (E), prepared on a pre-cleaned glass slide, is mounted on
a two-axis goniometer (F) and x/y/z translation unit with 40 0 nm positional repeatability
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Figure 4.7:
Contour plot of calcium
phosphate particle, ca-
sein mini-micelle and ca-
sein micelle size variation
along the calcium gradi-
ent, taken from [3]

for each axis. The monochromated beam from an in-vacuum undu lator (A) is focussed by a
Kirkpatrick-Baez (KB) mirror system (B). A micro-ionization chamber (D) with a 20 � m guard
aperture is used to monitor beam intensity and reduce stray r adiation. The microstructure of
the �lm surface is observed by a horizontal microscope (C). Th e direct beam is blocked by a
motorized lead beamstop (G) of about 200 � m diameter. The position of the MARCCD165
detector and a second beamstop, which shields the specular beam, is implied (H). In the fol-
lowing we present results obtained from a casein �lm with a sup erimposed calcium gradient
[3]. Such �lms are prepared by solution casting which results in a �lm thickness of several
micrometers. To �nd proper conditions for � GISAXS on the �lm surface, height scans at a
certain position in the calcium gradient are performed. So c alled out of plane cuts at the criti-
cal angle for casein are carried out to analyze the lateral structures within the casein �lm. The
GISAXS cuts at varying positions along the calcium gradient are evaluated by a model, based
on a set of three log-normal distributed particle sizes. The continuous variation of casein mi-
celles, casein mini-micelles and colloidal calcium phosph ate particles over the whole calcium
gradient is shown as a contour plot in Figure 4.7. Increasing calcium concentration causes a
decrease in the casein micelle sizes while the diameter of casein mini-micelles increases and
the colloidal calcium phosphate particles remain unchange d. The results match in good ap-
proximation with those obtained in previous studies on case in �lms prepared by spin coating
technique [4].
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4.5 Effect of calcium concentration on the structure of case in micelles in thin �lms

P. Müller-Buschbaum, R. Gebhardt 1, E. Metwalli, W. Doster

1 ESRF, Grenoble, France

Caseins, a family of phosphoproteins, form the largest prot ein component in most milks. The
major function of caseins in milk is to ef�ciently transport c alcium, phosphate and protein
from the mammary gland to the neonate. It has been suggested that casein micelles allow the
total calcium and phosphate concentrations in most, if not a ll, milks to exceed the solubility of
calcium phosphate, without causing uncontrolled precipit ation of calcium phosphate in the
mammary gland.

Figure 4.8:
In�uence of added Ca on the size of the casein micelles in solu tion as probed by PCS
revealing the hydrodynamic diameter 2RH (open rhombohedra). For comparison, the
distance between neighboring micelles in dry casein �lms as probed with GISAXS corre-
sponding to the most prominent in-plane length � p (�lled triangles) is shown. Taken from
[4].

Today it is generally accepted that caseins assemble into casein micelles, the aggregates in
which they are found in milk. Casein micelles are poly-dispe rse, roughly spherical aggre-
gates with diameters ranging between 150 and 300 nm. In contrast to conventional surfactant
systems, casein micelles are heterogeneous, composed of four different proteins, alpha(s1)-
and alpha(s2)-caseins, beta-casein, and kappa-casein [1]. Structure and stability of the casein
micelles is still a matter of debate and different models are discussed in literature.
A consensus of opinion exists that an outer hairy-layer of ka ppa-casein ensures the stability
of the casein micelle through a steric stabilization mechan ism [2]. The non-adsorbing part
of kappa-casein can be regarded as a salted polyelectrolytebrush. In the extended state the
brush is about 7 nm long and provides the steric stabilizatio n, while in the collapsed state the
stabilization is absent and �occulation and gel formation b ecome possible [19-21]. Calcium is
essential for the micelle formation at all [22]. The casein proteins divide themselves into two
groups, the calcium-sensitive and the non-calcium sensiti ve, which also in mixtures prevent
or inhibit the precipitation of the calcium-sensitive grou p by calcium. Kappa-casein is insen-
sitive to calcium and alpha(s1)- and alpha(s2)-caseins andbeta-casein are calcium sensitive.
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Whereas most investigations address solutions at differen t calcium concentrations, in the
most prominent applications besides milk, �lms containing c aseins are used. Recently, spin-
coating was shown to be an ef�cient technique to prepare well d e�ned casein �lms of con-
trollable thickness over a wide range of different pH values [3]. At high concentrations with
spin-coating bulk like �lms are prepared, which structure ma tches well the micellar structure
in solution. In contrast to the long times required for dryin g in the solution casting technique,
spin-coating is very quick. After 30 seconds only, a well de�n ed, homogeneous and dry �lm
of very high quality is obtained. Within the present investi gation we focus on the effect of cal-
cium concentration on the structure of casein micelles in th in �lms (prepared by spin-coating).
CaCl2 was added, at room temperature, to casein micelles extracted from commercial-grade
skim milk in a concentration range from 0 to 100 mM. As referenc e for the thin �lm investi-
gation, bulk solutions were probed with static and dynamic l ight scattering experiments. The
thin �lm investigation is based on grazing incidence small an gle X-ray scattering (GISAXS)
and complemented with optical microscopy and atomic force m icroscopy to picture the sur-
face structure.
Figure 4.8 comprises the structural information resulting from PCS (open symbols) and
GISAXS (�lled symbols) [4]. Without added calcium, within th e experimental error, both
techniques yield a good agreement between the hydrodynamic radius, determined with PCS,
and the distance between neighboring casein micelles, probed with GISAXS. Such agreement
was observed in previous work as well [3] and translates into densely packed micelles (similar
to hard spheres), which are unchanged by the spin-coating.
The colloidal properties of casein micelles change with the addition of calcium. After addi-
tion of calcium PCS detects a strong increase in the hydrodynamic radius (see �gure 4.8). In
contrast, GISAXS shows a slight decrease in the micelle distance together with an increase
in the smaller structural feature. The increase in hydrodyn amic radius agrees with previous
investigations. By adding a small amount of calcium, �rst sol vable caseins increase the micel-
lar weight without increasing the size, as long as the casein micelle can incorporate calcium
insensitive caseins (alpha(s1,2)- and beta-caseins). Upon further addition of calcium, the ra-
dius of the micelles increases up to a critical concentration. Above this critical concentration
the addition of calcium causes gross aggregation and precipitation of the micelles. Within the
presented work the critical concentration of precipitatio n was larger than 110 mM. Related to
the thin casein �lms prepared by spin-coating this micelle ag gregation does not translate in a
similar increase in the characteristic distances.
In addition to these structures created by the commonly obse rved casein micelles, a further
type with signi�cantly smaller diameter is probed. These min i-micelles are observed in so-
lution as well as in the thin �lms. AFM allows to visualize them on the casein �lm surface
directly and GISAXS proves the statistical relevance of thi s type of micelle. Both micelle types,
the mini-micelles (diameter 20 nm without added Ca) and the c ommonly observed micelles
(diameter 260 nm without added Ca) exist in coexistence. In solution this might be a dy-
namical equilibrium, with an exchange of caseins between in dividual micelles. In contrast,
in thin �lms a snap shot of this equilibrium is frozen-in and th us aggregates, micelles and
mini-micelles are detected all.
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4.6 Dynamics of phospholipids in stabilizing monolayers in vestigated by
quasielastic neutron scattering

S. Busch, C. Smuda, T. Unruh

Many modern drugs are not water-soluble. To facilitate their intravenous applicability, a drug
carrier has to be employed. Dispersions of lipid nanopartic les stabilized by dimyristoylphos-
phatidylcholine (DMPC) are promising candidates. It has bee n shown that not only the drug
release rate but also the storage stability of these systemshighly depends on the properties
of the stabilizer [1,2,3]. These properties were investigated i. a. by SAXS [4], revealing that
the structure of the monolayer is clearly distinct from what one would expect from the well-
known structure of bilayers: its is thinner and the peaks in t he electron density pro�le are less
pronounced.
A series of experiments aiming to determine the dynamic char acteristics of DMPC-
monolayers is planned at TOFTOF. A major goal is to link the molecular dynamics with the
before-mentioned properties like storage stability. Firs t experiments were done comparing
the picosecond-dynamics in a dispersion of vesicles, serving as model for phospholipid bi-
layers, which had a diameter of � 40nm (PCS z-average) with the one of a stabilizing phos-
pholipid monolayer in an emulsion of deuterated hexadecane in D 2O (diameter � 57nm).
The main dif�culty in these measurements is the low content of phospholipid, being only
1.3 weight % of the sample in the beam.
The part of the sample spectra due to scattering from D 2O and possibly hexadecane molecules
has to be subtracted. Then the quasielastic broadening caused by the dynamics of DMPC
becomes visible which is depicted in �gure 4.9 along with the i nstrumental resolution, deter-
mined by the measurement of a vanadium standard. The broaden ing caused by the dynamics
of DMPC in a monolayer is clearly larger, indicating faster dy namics.
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Spectra of vanadium (innermost), vesicles,
and emulsion (outermost) after background
subtraction as described in the text plotted
versus energy transfer at a momentum trans-
fer of 1 	A � 1. It is visible that the quasielas-
tic broadening of the central line is larger in
the case of the emulsion (phospholipid mono-
layer).

To determine the type of dynamics, the spectra were �tted with a simple model consisting of
a sum of two Lorentzians, which can roughly be assigned to dif fusion of the DMPC molecules
(narrow component) and internal motions of the DMPC (broad co mponent). As both, water
and hexadecane, are faster than the phospholipids, their dy namics does not in�uence the
line width of the narrow component even if the subtraction wa s non-ideal but would only
be visible in the broad component. The width of the narrow com ponent shows a linearish
dependence of Q2 (confer to �gure 4.10) which is a sign for non-local diffusive motions. The
diffusion coef�cient of DMPC is proportional to the slope and t herefore in a monolayer about
two times the one in a bilayer.
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Figure 4.10:
The linewidth of the narrow component of a
two-Lorentzian �t plotted versus the squared
momentum transfer Q2. The one steming
from the monolayer is about double the one
of the bilayer.

The looser molecular arrangement of the phospholipid molec ules in the monolayer [4] can
intuitively be correlated with the increase of diffusional dynamics. This will be investigated
more thoroughly. Currently, we try to �nd a more elaborated me thod to subtract the con-
tributions of D 2O and hexadecane to the spectra so that the broad component can be eval-
uated more reliably. Furthermore, experiments investigat ing the in�uence of stabilizing co-
emulgators on the phospholipid dynamics are planned.
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4.7 Water-uptake in biocompatible hydrogel �lms: Neutron r e�ectivity study

E. Metwalli, J. Perlich, R. Georgii1, P. Müller-Buschbaum

1 FRM-II, TU München

Hydrogel �lms are used for immobilization of proteins for mic roarray applications [1-3]. The
protein microarray is a crucial biomaterial for the rapid an d high-throughput assay of many
biological events where proteins are involved. The hydrate d, porous nature of the hydrogel
coatings can mimic the conditions found in vivo and can ideal ly ensure that the adsorbed
proteins remains hydrated, functional and properly folded . Aldehyde or amino functional
polyethylene glycol is currently used for this application . Since the hydration layer is very
important, [4] the �lm is typically immersed in buffer soluti on prior to protein immobiliza-
tion to ensure high water content. In the present investigat ion, the water-uptake of the hy-
drogel �lm is investigated as function of time. Silicon wafer s were ultrasonically cleaned in
dicholormethane, rinsed in DI water, and immersed in the cle aning bath containing a mixture
of NH 3, H2O2 and H 2O for 2 h at 75 � C. The cleaned substrates are further rinsed in DI water
and �nally spin dried. Deuterated polyethylene glycol (dPEG ) with a molecular weight Mn =
40 k was dissolved in D 2O and applied to the cleaned silicon wafer via spin coating me thod.
As-prepared �lms were mounted in a home-made vapour chamber a nd were investigated
with neutron re�ectivity (NR) at MIRA instrument (FRM-II) wit h a wavelength of 9.83 	A.
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Figure 4.11:
Neutron re�ectivity data of deuterated polyethylene glyco l (dPEG) �lms on pre-cleaned
silicon surfaces. (a) Dry versus hydrated �lms for differen t time periods; in situ-
experiment, (b) swelling and deswelling effect on the hydro gel �lm, (c) temperature effect
on the hydrogel �lm structure. The critical edge (q c) shifts towards lower q values as the
dPEG �lm swells in D 2O vapor. Hydrated �lms have weak fringes compared with the
as-prepared and dry ones.

The qz range from 0.004 	A � 1 to 0.12 	A � 1 was probed with high resolution (motor steps of =
0.01� ). NR of the dry �lm was �rst measured and the swelling experimen ts were performed
by inserting D 2O vapor in the chamber. The temperature of the chamber was kep t constant
at 30 � C using a water thermostat. A full NR curve was collected ever y 12 hrs in presence of
D2O vapor. A cycling swelling/deswelling experiment was also performed on hydrogel �lm
by exposure to D2O vapor at room temperature for 12 h followed by opening the ch amber
to air for 12 h. Additional samples were pre-heated at differ ent temperatures viz. 20, 30 and
70 � C in vacuum oven and the NRs' were collected for these dry �lms. Figure 4.11 shows
the neutron re�ectivity data for the studied samples. The sc attering length density of our
dPEG �lm is 7.05 x 10 � 6 	A � 2, and the critical edge (qc) is expected to shifts towards lower
qz values as D2O (6.36 x 10� 6 	A � 2) is incorporated into the swollen �lm. In Figure 4.11a, the
critical edge shifts to lower q values from dry to hydrated �lm after 12 hour of exposure to
D2O vapor. The hydrated gel �lm shows an equilibrium state as obs erved from unchanged
NR with increasing swelling time to 24 and 36 h. From Figure 4. 11b, the �lm shows a ki-
netic behavior as the critical edge responds to the �lm enviro nment (D 2O vapor and air). The
swelling/deswelling behavior indicates that the hydrogel �lms are very sensitive to humidity
and the observed high inconsistencies in the microarray results [5] can be avoid if the humid-
ity is well controlled during the microarray experiment. In the last set of experiments, the
as-prepared �lms are dried using vacuum oven prior to the NR me asurements in air Figure
(4.11c). Preliminary data analyses were performed using Parratt32 as well as Moto�t and in-
dicate that the shrinkage of the �lm thickness from 112 nm (as- prepared �lm) to 71 nm (70
� C, 40 h) may reveal a possible collapse of the porous hydrated �lm upon heating. The re-
sults of additional measurements with complementary techn iques such as x-ray re�ectivity
(thickness) and AFM (topography) are to be compared with the neutron results. In summary,
the NR experiment was successful and useful for understandi ng the hydrogel �lm response
to an external stimulus.
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4.8 Conformational and structural changes of thin �lms from recombinant spider
silk proteins upon post-treatment with methanol

E. Metwalli, U. Slotta 1, C. Darko, S. V. Roth2, T. Scheibel, C. M. Papadakis

1 Department Chemie, TU München
2 HASYLAB at DESY, Hamburg

Nature provides the best example for processing polymers in to materials. Orb-weaving spi-
ders can utilize the optimal mechanical properties of biopo lymer (protein) chains using far
milder physical and chemical processing conditions than th ose used for high-strength man-
made polymers [1]. Spider silk proteins consist of huge poly peptides that form sets of con-
sensus repeats [2]. Generally, four types of consensus repeats are found: crystalline � -sheets,
elastic � -spirals, � -helices, and spacers. These types of secondary structurescontribute to the
overall silk �ber structure and to the mechanical properties of spider silk, e.g. the � -sheet
crystalline module of the silk forms parallel chains that in teract via hydrophobic interactions
providing the tensile strength [3]. This correlation betwe en molecular sequence and mechan-
ical properties of spider silk proteins is of interest for pr oducing multi-purpose polymeric
materials of controlled strength, extensibility, and stif fness.
Engineered recombinant spider silk proteins derived from t he garden spider's two dragline
silk proteins ADF-3 and ADF-4 can also be cast into �lms, e.g. [ 4]. By treatment with potas-
sium phosphate or methanol, the helical structure is conver ted into a � -sheet structure, ren-
dering the �lms water insoluble. Thus, by utilizing recombin ant spider silk technologies and
appropriate post-treatment, protein �lms with controlled p hysical properties can be achieved.
We present here structural investigations on �lms of the reco mbinant protein C16, which is
derived from the dragline spider silk ADF-4 from the garden s pider. We have focused on the
conformational transition of �lms prepared from hexa�uoroi sopropanol solution on Si wafers
upon post-treatment with methanol [4]. The initial �lm thick ness was� 2:6 � m.

Figure 4.12:
The amide I spectra of the pro-
tein �lm (a) before and (b) af-
ter methanol treatment. Seven
bands (lines) were used to �t the
FTIR experimental results (� ).

The conformational transition of the protein was veri�ed usi ng FT-IR re�ection spectroscopy.
The usual three main bands, amide A, amide I, and amide II, wer e observed. Structural in-
formation like the fractions of � -helix, � -sheet,� -turn, and random coil motifs of the proteins
can be derived from the positions and areas of the deconvolut ed peaks in the amide I band.
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It reveals seven peaks (�g. 4.12). Assigning their areas to the fractions of various secondary
structure elements, it was found that the fractions of the � -turns and of the � -sheets increase
from 24 to 31% and from 20 to 28%, respectively, whereas the one of the � -helices decreases
from 37 to 23% and the one of the random coils is unchanged (18-19%). Methanol treatment
of the �lms thus leads to severe conformational changes of the spider silk protein.

Figure 4.13:
(� ) In-plane GIXRD intensity
pro�les before (a) and after
(b) methanol treatment. Lines:
Fits of Gaussian functions to
the Bragg re�ections (120), the
water peak and two broad
peaks forming the halo.

Grazing-incidence X-ray diffraction (GIXRD) was employed in order to obtain direct informa-
tion on the changes of the crystalline structure upon methan ol treatment. Experiments were
carried out at beamline BW 2 at HASYLAB, DESY. Figure 4.13 shows the in-plane GIXRD in-
tensity pro�les before and after methanol treatment. While b efore treatment, the �lm reveals
two broad peaks, methanol treatment results in the appearan ce of strong Bragg re�ections
from � (L-polyalanine) crystals at 1.20 and 1.40 	A � 1. Furthermore, a peak due to structured
water and a broad halo, presumably due to amorphous material , are present in the intensity
pro�les. In the untreated �lm, the (200) re�ection is not prese nt, but there is an additional
broad peak at lower qjj -value (0.92 	A � 1), which we assign to the amorphous matrix of the
�lm. From the positions of the Bragg re�ections, the lattice c onstants a (i.e. the interchain re-
peat) and b(i.e. the intersheet distance) are found to be 10.46 and 9.35	A, respectively. The size
of the crystalline domains is 75 	A, as calculated from the width of the strong (120) re�ection
of the treated protein �lm.

Figure 4.14:
GISAXS images before (a) and
after (b) methanol treatment.
The gray rectangles in the cen-
ter of the images indicate the
beam stop.

The shape, size, and size distribution of the crystalline do mains formed by the � -sheets was
characterized using grazing-incidence small-angle X-ray scattering (GISAXS). Experiments
were carried out at beamline BW 4 at HASYLAB, DESY. The 2D GISAXS images before and
after methanol treatment (�g. 4.14) indicate a clear structu ral variation on the mesoscopic
lenthscale, with the scattering being much more signi�cant a fter the treatment. This change
can be modelled by the appearance of (crystalline) parallelepipedal domains having an aver-
age lateral size of 80 	A, which is in good agreement with the value from GIXRD. The si ze is
widely distributed, sizes range from 20 to 400 	A. This re�ects the presence of crystallites from
folded protein conformations,but also from fully stretche d C16 proteins.
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We conclude that methanol treatment of thin �lms of recombina nt C16 spider silk proteins
leads to an increase of the fraction of � sheets, which form � (L-polyalanine) crystallites with
a wide distribution of sizes. The �lm geometry allowed us to co rrelate the conformational to
the structural changes.
This project was funded by SFB 563 'Bioorganic functional sy stems on solids (TP A10)'.
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5 Solid state dynamics

5.1 Mode-coupling description of the dynamics of simple liq uids

W. Schirmacher, H. Sinn1

1 Hasylab, DESY, Hamburg

Mode-coupling theory (MCT) [1] has been extremely sucessful i n explaining the occurrence of
the liquid-to-glass transitions and the nontrivial dynami c scaling phenomena in the vicinity
of the transition. This triggered numerous experimental in vestigations by inelastic Neutron-,
X-ray and light scattering, as well as dielectric spectroscopy studies to verify these phenom-
ena and discuss them in terms of the MCT terminology.
Later it became clear in light scattering experiments on non -glass-forming liquids in our lab
[2] that the spectra can also be perfectly explained by a schematic version of MCT. There-
fore we posed the question, whether MCT away from the glass tra nsition is able to describe
the dynamics of simple hard-sphere-like liquids (like liqu id metals [3-5]) as described by the
dynamical structure factor S(q; ! ). We found that this, indeed, is the case.
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Figure 5.1:
Left: Static structure factors of several liquid metals. Th in black line: Hard-Sphere PY
structure factor, thick black line: Smoothed hard-sphere s tructure factor, used as input
into the MCT calculations, both calculated with packing fra ction � = 0 :45. References for
the experimental data can be found in [3].
Right: dispersion of the maxima of ! 2S(q; ! ) of several liquid metals [3-5] together with
the MCT results for � = 0 :40(dashes) and� = 0 :45(full line).

As the only input into the MCT equations is the static structur e factor S(q) we �rst compared
the structure factors of several liquid metals in the vicini ty of their melting points with each
other (left part of Fig. 5.1) as well as with the smoothed stru cture factor of hard spheres,
calculated in Percus-Yevick (PY) approximation. If scaled with the appropriate hard-sphere
diameter � all curves collapse onto each other, indicating (as is, in fact well known) that only
the repulsive forces are important for the liquid structure as represented by S(q). Now, as
stated above, S(q) is the only input into the MCT equations. If MCT describes the li quid
dynamics also away from the glass transition the dynamics th erefore must also be dominated
by the hard-sphere-like structure and also the dynamics sho uld exhibit the scaling behavior of
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S(q). The scaling frequency corresponding to the hard-sphere li quid is the isothermal sound
velocity divided by the hard-sphere diameter � :
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Figure 5.2:
Left: spersion and half widths at half maximum of ! 2S(q; ! ) for � = 0.40 (dots), 0.45
(straight line), 0.49 (short dashes), 0.52 (long dashes), 0.55 (dash-dots). Right: Normal-
ized Memory functions for (from bottom to top) � = 0 :40, � = 0 :45, � = 0 :49, � = 0 :52,
� = 0 :55, � = 0 :60 and for wavenumbers q� = 1 (dots), 3 (short dashes), 5 (long dashes) 7
(lines), 9 (dash-dots). The maximum of S(q) is at q� = 7.

The characteristic excitation frequencies of the collective excitations of a liquid (“liquid dis-
persion”) 
( q) is obtained from the spectrum S(q; ! ) by the ! -maximum of the function
! 2S(q; ! ). In the right part of Fig. 5.1 we have plotted the experimenta lly determined dis-
persion with that predicted by MCT with the thick solid line of the left �gure as input. We
conclude that MCT correctly predicts the position of the coll ective excitations of simple liq-
uids.
In the left part of Fig. 5.2 we have plotted both the dispersio n and the width of the peak of
! 2S(q; ! ) calculated by MCT for different values of the packing fractio n � = ( �= 6)�� 3, where
� is the number density of the atoms. We see that both quantitie s are predicted not to depend
strongly on density. To verify this prediction is a challeng e for future experiments.
Another important quantity, which essentially at high dens ity controls the glassy arrest, is the
generalized frequency dependent damping constant M (q; ! ) or its Fourier transform M (q; t),
which is called memory function. This function enters into t he equation of motion of the
intermediate scattering function S(q; t), which is the Fourier transform of S(q; ! ):

•S(q; t) +
Z t

0
d�M (q; t � � ) _S(q; � ) + 
 2

0(q)S(q; t) = 0 :

with the “unrenormalized” sound dispersion 
 2
0(q) = v2

th q2=S(q)
This function has in the past [3] been �tted with a sum of two exp onentials, which gave
rather good �ts to experimental data and results of computer s imulations on simple liquids.
One of the decay rates in these �ts was on the microscopic scale and did not depend on the
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density, whereas the other was much slower and strongly dens ity dependent. Exactly such
a behavior is obtained in MCT. The interpretation is that the s econd relaxation rate, which
strongly increases with density is produced by the so-calle d cage effect. This effect describes
the high-density phenomenon that the adjacent particles cannot move away immediately to
let a particle pass, i.e. the form a temporary cage around a given particle. This cage becomes
permanent in the glassy state.

[1] U. Bengtzelius, W. Götze, A. Sjölander, J. Phys. C17, 5915 (1984); W. Götze, inLiquids, Freezing and
the Glass Transition, J.-P. Hansen, D. Levesque, J. Zinn-Justin, Eds., North-Holland, Amsterdam
1991.
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Phys. Rev. B74 , 172202 (2006).

[5] H. Reichert, F. Bencivenga, B. Wehinger, M. Krisch, F. Sette, H. Dosch, Phys. Rev. Lett.98, 096104
(2007).

[6] W. Schirmacher, H. Sinn, J. Condensed Matter, in print

5.2 Vibrational excitations in systems with correlated dis order

W. Schirmacher, B. Schmid1, C. Tomaras, G. Viliani2, G. Baldi3 G. Ruocco4, T.
Scopigno4

1 Now at Fachbereich Physik, Universität Mainz
2 Dipt. di Fisica, Universitá di Trento, Italy
3 INFM-CNR CRS-SOFT OGG, c/o E.S.R.F., Beamline ID16, Grenoble, France
4 Dipt. di Fisica, Universitá di Roma, Italy and CRS SOFT-INF M-CNR c/o Universitá di Roma,

Italy

The vibrational properties of disordered solids differ ver y much from those of crystals. The vi-
brational density of states (DOS) g(! ) (! = 2 � times the frequency � ) shows a low-frequency
enhancement over Debye's! 2 law, which appears as a peak in the reduced DOS g(! )=! 2 (“bo-
son peak”) at a certain frequency ! BP � ! D , where ! D is the Debye frequency. The reduced
speci�c heat C(T)=T3 shows a peak at TBP = ~! BP =k (k is Boltzmann's constant), and the
thermal conductivity shows a characteristic dip or shoulde r near TBP . All three anomalies
can be explained and shown to be related to each other using a model of �uctuating elastic
constants [1]. The same model has been used to establish a relationship between the excess
DOS and the acoustic attenuation in the T Hz regime [2] as well as the anomalous Raman scat-
tering [3]. In these model calculations the �uctuations of t he elastic constant were assumed
to be zero-range correlated. This is a simplifying assumpti on which cannot be justi�ed a pri-
ory. We therefore have investigated a d-dimensional model ( d = 2,3) for sound waves in a
disordered environment, in which the local �uctuations of t he elastic modulus are spatially
correlated with a certain correlation length. The model is s olved analytically [4] by means
of a �eld-theoretical effective-medium theory (self-consi stent Born approximation [1-3]) and
numerically [4] on a square lattice. As in the uncorrelated c ase the theory predicts an enhance-
ment of the density of states over Debye's ! d� 1 law (“boson peak”) as a result of disorder. This
anomay becomes reinforced for increasing correlation length � , as can be seen from the left
part of Fig. 5.3.
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The theory predicts that � times the width of the Brillouin line should be a universal fu nction
of � times the wavenumber. Such a scaling is found in the 2d simulation data, so that they
can be represented in a universal plot. We see from the right p art of Fig. 5.3 that in the low-
wavenumber regime (where the lattice structure is irreleva nt) the scaling is obeyed and we
have excellent agreement between the simulation and the analytic theory.
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Figure 5.3:
Left part:
Reduced DOSg(! )=! 2 for � = 1 =kD (dashed lines) and � = 5 =kD (full lines) and for three
disorder parameters (from left to right) 
 = 0.49, 0.47 and 0.45.
Right part:
Symbols: Linewidths � of the simulated Brillouin spectra, multiplied with the cor relation
length � and divided by the sound velocity v. � : � = 2 :79a, � : � = 5 :42a, r : � = 10:56a,
+ : � = 20:55a, x : � = 40:0a, Straight line: theory.
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5.3 Theory of low-frequency Raman scattering in disordered solids

B. Schmid1, W. Schirmacher

1 Now at Fachbereich Physik, Universität Mainz

We have worked out a theory of low-frequency Raman scatterin g in glasses, based on the
concept that light couples to the elastic strains via spatia lly �uctuating elasto-optic (Pockels)
constants. We show that the Raman intensity is not proportio nal to the vibrational density of
states (as was widely believed), but to a convolution of Pock els constant correlation functions
with the dynamic strain susceptibilities of the glass. Usin g the dynamic susceptibilities of a
system with �uctuating elastic constants we are able for the �rst time to describe the Raman
intensity and the anomalous vibrational spectrum of a glass on the same footing.



A NNUAL REPORT 2007 PHYSIK -DEPARTMENT E13 79

Raman scattering data in disordered solids show a continuou s band of excitations at low
frequencies (� 100 cm� 1) which is absent in crystalline materials. It had been conje ctured by
Shuker and Gammon [1] that this band can be described by the fo rmula

I Shuker = C � [n(! ) + 1]
g(! )

!
(� )

where ! = 2 �� , � is the frequency and g(! ) is the vibrational density of states (DOS) of the
material and n(! ) = [exp f ~!=kT g � 1]� 1 is the thermal boson occupation factor. However,
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Figure 5.4:
Left part:
a) Measured reduced DOS [4] and reduced speci�c heat [5] of gl assy As2S3 compared with
our theory (calculated with a transverse velocity of sound vT = 1 :4 km/s, longitudinal
velocity of sound vL = 1 :8vT , Debye wavenumber kD = 1 :32 � 1010 m� 1, correlation
length � = 2 =kD , and the strength of the disorder of the shear modulus 
 = 0 :352v4

T ). The
dashed lines correspond to the Debye model (
 = 0 ).
Right part:
a) Measured reduced intensity I V H (! )=! [n(! )+1] of glassy As2S3 4 : [6], � : [4] compared
with our theory (full line) using the same parameters as in Fi g. 1 and � = 2 =kD . The
dashed and dash-dotted lines are the Martin-Brenig theory ( i.e. 
 = 0 ) with � = 2 =kD

(dashed line) and � = 4 =kD (dash-dotted line); b) same data divided by ! 2; c) Measured
depolarization ratio [6] compared with theoretical curves (calculated with a ratio between
the �uctuations of the two Pockels constants of 0.65).

determinations of the DOS by other means (e.g. inelastic neutron scattering or resonant X-
ray scattering from nuclei) have revealed that the spectra can not be described by (*). So



80 PHYSIK -DEPARTMENT E13 ANNUAL REPORT 2007

one introduced a frequency dependentprefactor C(! ) and called it the light-vibration coupling
factor, to be determined by comparing Raman spectra with oth er data.
Our new theory can be summarized by the formula

I (! ) / [n(! ) + 1] � 00(! )

where � 00(! ) is a weighted sum over q (wavevector) integrals over the dynamical susceptibil-
ities � 00

L;T (q; ! ) times q-dependent form factors f L;T (q), which are proportional to the Fourier
transform of correlation functions of �uctuating elasto-o ptic (Pockels) constants.
Using our existing theory for � 00

L;T (q; ! ) [2,3] we are now able to reconcile measured Raman
spectra with data on g(! ) or the coherent neutron scattering law S(q; ! ) / [n(! ) + 1] � 00

L (q; ! ).
The theory is based on a model of �uctuating elastic constant s and has been quite successful
for explaining the deviation of g(! ) from Debye's g(! ) / ! 2 law, which appears as a peak in
the reduced DOSg(! )=! 2 (“boson peak”). Within the same theory it is also possible to explain
the corresponding deviation of the temperature dependent s peci�c heat C(T) from Debye's
T3 law and the characeristic dip or shoulder in the temperature dependence of the thermal
conductivity [2]. Moreover within this theory it was possibl e to derive a relation between the
boson peak and the sound attenuation constant in the regime accessible by inelastic X-ray and
neutron scattering [3].
We demonstrate how our theory works at the example of glassy A s2S3. In the left part of
Fig. 5.4 we have compared the reduced density of statesg(! )=! 2 as obtained from neutron
scattering data [4] as well as the reduced speci�c heat C(T)=T3 [5] with the prediction of our
theory. The dashed curves correspond to the Debye theory. In the right part of Fig. 5.4 we
compare the measured Raman spectra at different temperatures with our theory using the
same parameters as in the calculations of the left �gure. The d ashed curves are obtained if
for the dynamic susceptibilities those of free Debye-like a coustic waves are inserted. This
procedure corresponds to an early theory of Martin and Brenig [7].
It is easily seen from comparing the �gures that the peak in the Raman spectrum does not
correspond to the peak in g(! )=! 2 as conjectured by Shuker and Gammon. However if the
data are divided by ! 2 the peak appears at the same frequency as the one ofg(! )=! 2. This
corresponds to a peak in � 00(! )=! 3, namely a deviation of this quantity from the Rayleigh ! 3

law, which should hold for ! ! 0 in the absence of anharmonic interactions.
In the third part of the right �gure we compare the depolarizat ion ratio � := I V H =IV V pre-
dicted by our theory with the one found experimentally, agai n, using the same parameters as
in the other calculations.
We are convinced that it does not make sense any more to extract something like C(! ) from
Raman data. However one can de�ne such a quantity by dividing t he correct theory by the
wrong theory:

C(! ) / � 00(! )!=g (! )

If one calculates this quantity one arrives at curves which s tart with a constant and then
increase linearly, as found in many investigations.
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5.4 Low-frequency vibrational excitations in niobium-pho sphate glasses for Ra-
man gain application

A. Schulte1, W. Schirmacher, T. Unruh2, T. Cardinal3

1 Department of Physics and College of Optics & Photonics-CREOL, University of Central Florida,
USA

2 FRM II, TU München
3 CMCB, CNRS, University of Bordeaux, France

Raman gain for all-optical ampli�cation depends signi�cantl y on the cross section for sponta-
neous Raman scattering [1]. The spectra of these glasses show a low-frequency enhancement
of the vibrational density of states (“boson peak”) suggest ing a signi�cant gain pro�le for
application in Raman ampli�ers as well as providing an additi onal mechanism for Raman
gain [2]. In order to explore the vibration spectrum with ano ther spectroscopic technique we

Figure 5.5:
Intensity of Raman scattering (Stokes side) in 40 Nb2O5 - 60 NaPO3 glass in three differ-
ent representations: Raman intensity (top), Raman susceptibility (middle), and reduced
Raman intensity (bottom).

carried out an inelastic neutron scattering investigation of 40 Nb2O5 - 60 NaPO3 using the
time-of-�ight spectrometer (TOF-TOF) at the FRM 2 neutron s ource in Munich. The boson
peak appears between 40 and 70 cm� 1 as an increase of the reduced density of states over
the �at Debye expectation. In Fig. 5.5 relevant representat ions of the low-frequency Raman
spectrum of the 40 Nb2O5 O5 - 60 NaPO3 glass on the Stokes side are shown. These are the
measured vv polarized intensity I (� ), the Raman susceptibility � 00(� ) = I (� )=n(� ) + 1] and
the reduced intensity I r (� ) = I (� )=�n (� ) + 1] . Here n(�; T ) = exp[( h�=kT ) � 1]� 1 is the boson
occupation factor. The susceptibility is proportional to t he Raman gain curves relevant for
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Figure 5.6:
Left �gure: Reduced Raman intensity (top) � 00(� )� and reduced neutron intensity (aver-
aged over the measured wavenumber range [3,4,5])g(� )=� 2 against frequency.
Right �gure: The function C(! ) = � 00(! )!=g (! ) as determined by the experiment and by
the theory of Schmid and Schirmacher (previous contributio n)

optical amplifyers [2]. It is seen that the low-frequency pe ak in I (� ) and I r (� ) near 65 cm� 1

appreciably enhances the ampli�cation power near this frequ ency. This is the main reason for
the low-frequency performance of our Raman ampli�ers.
In the left part of Fig. 5.6 we compare the reduced Raman inten sity I r (� ) with the reduced q-
averaged neutron intensity hS(q; � )i q�= [n(� ) + 1] , which is believed [3,4,5] to be proportional
to an effective, reduced DOS g(� )=� 2. It is clearly seen that the positions of the maxima of the
spectra do not coincide. Until recently it was believed that the Raman susceptibility would be
equal to a “modi�ed DOS” C(! )g(! ) (! =2�� ), divided by the frequency, where C(! ) would
be a frequency-dependent light-vibration coupling functi on. However, this function was
never theoretically calculated for a disordered solid. As w e have now a theory for � 00(! )
(see previous annual report contribution) we can calculate the quantity C(! ) = � 00(! )!=g (! )
and compare it to the corresponding experimental quantity ( right part of Fig. 5.6). We see
that the theory reproduces the almost linear increase of C(! ) in the boson peak range. Such
an increase of the “Raman-divided-by-neutron” function ha s been observed in many other
glassy materials. Of course it is more reasonable to compare the experimental data directly
with theory as done in the previous contribution. This will b e done shortly.
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5.5 Rotational dynamics of methyl groups in penta�uorotolu ene and penta�uo-
roanisole

C. Smuda, G. Gemmecker1, J. Wuttke2, T. Unruh

1 Technische Universität München, Bayerisches NMR-Zentrum, Garching
2 Jülich Centre for Neutron Science (JCNS), Forschungszentrum Jülich GmbH, Aussenstelle am

FRM II, Garching, Germany

Almost the half of the hydrogen atoms in the oligoisoprene de rivative coenzyme Q 10 are
bound to methyl groups. For a detailed evaluation of QENS spe ctra obtained from TOFTOF
measurements of liquid Q 10, it is essential to know the contribution of these methyl gro up
hydrogen atoms to the quasielastic intensity [1]. Up to now t he rotation of methyl groups
in liquids of organic molecules is scarcely investigated. T herefore it is of special and general
interest to characterize methyl group rotation in the solid as well as in the liquid state. The aim
of the investigations is to �nd a preferably universally appl icable model for the description of
the QENS of methyl groups in liquids of small organic molecul es.
Penta�uoroanisole and penta�uorotoluene were investigat ed as model compounds. QENS
spectra of solid penta�uoroanisole were �tted with a scatter ing function S(Q; ! ) which com-
prises one Lorentzian function, whereas the dynamics of met hyl groups in solid penta�uoro-
toluene could only be described using two Lorentzian functi ons indicating a non-equivalence
of the methyl groups in the investigated polycrystalline ph ase. The obtained linewidths for
the compounds in the solid state are displayed in Fig. 5.7 [2] .

Figure 5.7:
Arrhenius plot of half widths at
half maximum (HWHM) � obtained
from best �ts for the two non-
equivalent methyl group in polycrys-
talline penta�uorotoluene (PFT) and
penta�uoroanisole (PFA), respectively.
The solid lines represent best �ts to the
Arrhenius equation yielding activation
energies of 6:4 kJ/mol for PFA and
2:74 kJ/mol and 0:96 kJ/mol for the
two different types of methyl groups in
the lattice of PFT, respectively.

As the methyl group dynamics is a thermal activated process, it shows an Arrhenius be-
haviour in the solid state for both compounds, whereas in the liquid state it was found that
the frequency of the methyl group rotation is independent of temperature. The used model
for data analysis includes not only the methyl group rotatio n but also long-range diffusion
and isotropic rotational diffusion of the molecule

S(Q; ! ) = SMethyl (Q; ! ) 
 STrans (Q; ! ) 
 SIRD (Q; ! ) (5.1)

and describes the experimental data perfectly (cf. Fig. 5.8). Evaluation of the QENS spectra
without consideration of the methyl group rotation results in worse �ts.
The long-range diffusion of the molecules in the liquid phas e could for all investigated tem-
peratures clearly be separated from the internal motions. D iffusion constants extracted from
the model are comparable to PFG-NMR diffusion coef�cients. Th e temperature dependence
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Figure 5.8:
QENS spectra of penta�uorotoluene at
268 K and 293 K, respectively. Best �ts
obtained with model Eq. (5.1) are dis-
played as solid lines.

of the obtained Q independent rotational diffusion constants can be describ ed with the Ar-
rhenius equation. The Q independent HWHM for the methyl group rotation was determin ed
to be about 1 meV for penta�uorotoluene as well as penta�uoro anisole.
Interestingly at very low temperatures inelastic lines wer e detected which were assigned to
rotational tunneling transitions of the methyl group. The p osition of the tunneling lines at 5 K
is about 215� eV (cf. Fig. 5.9).

Figure 5.9:
Tunneling spectra of penta�uorotoluene for different tem-
peratures obtained at TOFTOF with an energy resolution of
40 � eV. The curves are shifted on the y-scale for better visual-
ization. Between 66 K and 76 K a phase transition takes place
involving an increase in methyl group dynamics.

A small shift of the tunneling lines with increasing tempera ture can be extracted from the
spectra which is typical for such tunneling lines. Notice th at the intensity of the tunneling
lines is only about 1% of the intensity of the elastic line. Us ually the intensity ratios I inel=Iel

are higher, as e. g. in the range of 0.04 to 0.25 for xylenes and�uorotoluenes [3]. Furthermore
between 66 K and 76 K a structural phase transition can be observed which is accompanied
by a signi�cant increase in the quasi-elastic broadening of t he elastic line. The investigated
methyl group dynamics by QENS in the solid state characteriz es only the ”high-temperature
phase”.
From backscattering measurements of different mono�uorot oluenes tunnel splitting energies
~! 0

t are known [3]. We estimate from the results of 2-�uorotoluen e that additional tunnel-
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ing lines for penta�uorotoluene will be in the range of about 5 � eV at 5 K, which could be
con�rmed by backscattering measurements at SPHERES at FRM II (cf. Fig. 5.10).

Figure 5.10:
Methyl tunneling in penta�uorotoluene at 3 K at an energy
resolution of about 0.65 � eV performed at the backscattering
spectrometer SPHERES at FRM II (Q = 1 :65 	A � 1).

The position of the tunneling lines at 3 K is about 4 � eV. From these complementary measure-
ments performed at TOFTOF and SPHERES two types of methyl groups could be identi�ed
in the low-temperature phase of penta�uorotoluene.

[1] T. Unruh, C. Smuda, G. Gemmecker, H. Bunjes, MRS QENS 2006Conf. Proc. 137 (2007)

[2] C. Smuda, G. Gemmecker, T. Unruh, J. Phys. Chem., (submitted)

[3] M. Prager, R. Hempelmann, H. Langen, W. Müller-Warmuth , J. Phys.: Condens. Matter2, 8625
(1990)

5.6 Self-diffusion measurements of medium-chain molecule s at TOFTOF

C. Smuda, T. Unruh

It could be demonstrated in [1] that QENS is best suited for in vestigations on molecular self-
diffusion inside nanosized droplets dispersed in another l iquid. However, by measurements
of the self-diffusion coef�cients of the oligoisoprene deri vative coenzyme Q10 in nanosized
droplets and in the bulk, respectively, at the time-of-�igh t spectrometer TOFTOF discrep-
ancies to the PFG-NMR diffusion constants of more than one ord er of magnitude have been
found [2]. In order to study this effect more systematically , QENS measurements on a series of
different medium-chain n-alkanes were performed with the aim to understand the in�ue nce
of the chain length of the molecules to their diffusivities.
Eleven n-alkanes covering chain lengths from C 8 to C54 were studied. The alkanes were mea-
sured in a temperature range between 10–150� C with respect to their melting and boiling
points.
For data evaluation, different models for the dynamic struc ture factor S(Q; ! ) were used to
extract diffusion constants: (i) sum of two Lorentzian func tions, (ii) convolution of long-range
diffusion and isotropic rotational motion, and (iii) convo lution of long-range diffusion and
diffusion inside a sphere [3]. Additionally, an evaluation in the time domain via the interme-
diate scattering function I (Q; t) was performed using a sum of two exponential functions as
scattering law.
The experimental data could be satisfactorily described wi th any of the four models, and it
turned out that the determined diffusion constants are inde pendent of the applied model. The
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Figure 5.11:
Arrhenius plots of diffusion constants of selected investi gated n-alkanes obtained from
QENS spectra compared to results from PFG-NMR measurements [4]. Diamonds ( � ) rep-
resent NMR diffusion constants and circles ( � ) QENS values. Corresponding values for
the higher n-alkane in the same plot are indicated by �lled symbols.

derived diffusion constants were compared with values obta ined by PFG-NMR [4]. Arrhenius
plots of diffusion constants are shown in Fig. 5.11.
One main result is that with increasing chain length the rati o of the QENS diffusion coef�cient
to the PFG-NMR diffusion coef�cient increases [5].
The increase of this ratio is better visible when plotting an isotherm of the diffusion constants
of different n-alkanes on a double logarithmic scale as it is demonstrated for 110� C in Fig. 5.12.

Figure 5.12:
Diffusion constants of n-alkanes determined by
QENS at 110� C as a function of the molecular
weight in comparison with PFG-NMR values [4].

This discrepancies of the diffusion constants determined b y the two different methods are
related to their different timescales and not caused by cont ributions of internal motions.
Further efforts with respect to data evaluation have to be ma de in order to �nd the true reason
the observed discrepancies of the QENS and NMR results. Some more experimental informa-
tion will be obtained by neutron spin-echo measurements, wh ich are in progress to determine
the Q dependence of the diffusion constants at low Q-values. In addition, the study is in-
tended to be extended on other medium-chain molecules like o ligomers of polyoxyethylene,
fatty acids, alky alcohols or silicon oils.

[1] T. Unruh, C. Smuda, G. Gemmecker, H. Bunjes, MRS QENS 2006Conf. Proc. 2006, 137 (2007)
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[2] C. Smuda, G. Gemmecker, H. Bunjes, T. Unruh, FRM II annual report 2006, 84 (2006)

[3] M. Bée, Quasielastic Neutron Scattering, Adam Hilger, Bristol, PA, (1988)

[4] E. von Meerwall, S. Beckman, J. Jang, W. L. Mattice, J. Chem. Phys. 108, 4299 (1998)

[5] C. Smuda, G. Gemmecker, T. Unruh, Langmuir, (in preparat ion)

5.7 Water diffusion in hydrous silicate melts as seen by QENS

F. Yang, A. Meyer1, T. Unruh, J. Kaplonski

1 Institut für Materialphysik im Weltraum, Deutsches Zentr um für Luft- und Raumfahrt (DLR),
Köln

Dissolved water has signi�cant in�uence on the macroscopic p roperties of silicate melts and
is thus of great importance for understanding many geologic al processes. By adding just a
few weight percent of water to a silicate melt, the viscosity of the melt can be decreased by
5-10 orders of magnitude. It is very important for geoscienc e to obtain the knowledge of
water and water species diffusion in silicate melts and ther efore to predict the properties of
the melts and to understand the processes relevant to active volcanisms. For reviews on this
topic see [1,2].
Although there were varies investigations of water diffusi on in silicate melts based on the
in-situ diffusion couple method, the chemical diffusion co ef�cient of water in silicates shows
strong dependence of the dry silicate composition. The basic underlying transport mecha-
nism of the water species is still not understood.
We apply quasielastic neutron scattering method to study wa ter diffusion in silicate melts.
The water relaxation in the melt above the glass transition t emperature of these systems is
on the ps to ns time scales, which can be accessed by quasielastic neutron scattering. High
pressure in the range of several kbars is necessary simultaneously to suppress water evapora-
tion. The intrinsic q resolution of quasielastic neutron scattering allows to st udy the diffusion
mechanism in great detail.
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Figure 5.13:
Measured I (2�; T oF ) at TOFTOF, FRM II of the empty
pressure cell and a NS3+10mol% H2O sample at 1250
K under 1800 bar.

In order to measure at high temperature relevant for volcani c processes as well as under high
pressure, samples will be placed in a Nb1%Zr pressure cell. The pressure cell is heated up
internally using Pt wire around the sample and using He gas as pressure medium.
Here we report our very �rst results on hydrous sodium trisili cate melts investigated by
quasielastic neutron scattering using the time-of-�ight s pectrometer TOFTOF at FRM II.
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Sodium trisilicate samples with 10 mol% H 2O have been measured. A D2O substituted sam-
ple was measured as well but it turned out that for this experi ment a H/D exchange reaction
happened during sample preparation, so a contrast variatio n was not possible. A dry sodium
trisilicate sample was measure therefore for reference. The sample environment built for high
temperature and high pressure neutron scattering has been working properly. Spectra were
recorded using an incoming neutron wavelength of 5.1 	A, chopper speed at 12,000 rpm and
chopper ratio 3, which gives an energy resolution of about 90 � eV.
Fig. 5.13 shows the measured intensity as function of neutron time-of-�ight for the empty
pressure cell and a hydrous sodium trisilicate sample at 1250 K under 1800 bar. It can be
clearly seen that the quasielastic broadening of the signal arises only in the spectrum the sam-
ple. So the He gas used as pressure medium did not contribute signi�cantly to the quasielastic
signal. Therefore a good resolution of the quasielastic signal from the sample was obtained.
The spectrum of the water bearing sample measured at 1250 K shows a signal to background
ratio of about 10:1 with respect to the empty cell within the e lastic and quasielastic region. In
the inelastic region, the spectra of the sample and empty cell are rather close. This makes the
separation between the sample and the background signals in this region quite dif�cult.
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Figure 5.14:
(a) S(q,! ) of the measured water bearing sodium trisilicate sample at1250 K and the corresponding
dry sample at the same temperature; (b) Temperature dependence of the diffusion coef�cient of the
H atoms, �tted with Arrhenius equation.

Using the pressure cell the hydrous sodium trisilicate samp le has been measured at 5 different
temperatures from 850 K up to 1250 K under a pressure of 200 MPa. Due to the presence of
the sodium atoms, which also has a relaxation time scale with in the instrument accessible
range [3], the measured dynamic structure factor S(q, ! ) contains both contribution from the
hydrogen and the sodium atoms (Fig. 5.14 (a)). Therefore a separation between these two
dynamics was done by subtracting the intensity of the dry sam ple from the corresponding
water bearing sample. The resulting signal, which arises do minantly from the incoherent
scattering of the H atoms, is used to extract the diffusion co ef�cient (Fig. 5.14 (b)). For the
measured temperature range the deduced diffusion coef�cien t varies from 0.31�10� 9 m2�s� 1

to 1.47�10� 9 m2�s� 1, respectively. The temperature dependence of the diffusio n coef�cient
obeys an Arrhenius law. The diffusion mechanism still needs to be addressed.
It should be still appointed out that a differential signal r efers to a dry sample does not com-
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pletely exclude the contribution of the sodium. Since the hy drous sample and the dry sample
has slightly different density and therefore the number den sity of the scatterers is different.
Further measurement on a D2O substituted sample will give more accurate results, since it is
identical to the protonated sample except in scattering cro ss-sections.

[1] J.S. Gilbert, R.S.J. Sparks (Ed.):The Physics of Explosive Volcanic Eruptions, The Geological Society,
London (1998)

[2] J.F. Stebbins, P.F. McMillan, D.B. Dingwell (Ed.):Structure, Dynamics and Properties of Silicate Melts
Rev. Mineralogy 32(1995)

[3] A. Meyer, H. Schober, D. B. Dingwell, Europhys. Lett. 59, 708 (2002).

5.8 Structure and dynamics in Ni 36Zr 64

S. Stüber, F. Yang, A. Meyer1, D. Holland-Moritz 1, C. Tomaras, W. Schirmacher

1 Institut für Materialphysik im Weltraum, Deutsches Zentr um für Luft- und Raumfahrt (DLR)

Diffusion and viscosity are important material parameters to characterize multicomponent
metallic alloys. In �ve-component ZrNi-based melts Ni-domi nated diffusion was found to
be signi�cantly faster than predicted from viscosity; it was also found that the Ni-dominated
incoherent scattering function from which the diffusivity is extracted, depends little on the
melt composition [1]. From these observations, binary ZrNi systems emerge as the simplest
metallic melts where Ni diffusion can be measured in the visc ous regime, serving as a proxy
for understanding the dynamics in more complicated bulk met allic glass formers.
The technique of electromagnetic levitation (see last year's report for details) was combined
with quasielastic neutron scattering at the time-of-�ight spectrometer TOFTOF of the FRM II
to study the Ni self diffusion in the binary alloy Ni 36Zr64. As Zr is very reactive, containerless
processing is needed to enable stable and long measurementswith good statistics. Further-
more as there are reduced cristallization seeds, undercooling for several hours is possible,
testing dynamics in the metastable state of an undercooled metallic melt.
From the measured scattering function S(q; ! ), the diffusion constant is derived using the half
width at half maximum � 1=2, which is proportional to q2 in the range of small momentum
transfer q:

D =
� 1=2

~q2 (5.2)

This was done in a temperature range from 70 K below to nearly 4 00 K above the liquidus of
Ni 36Zr64 of 1283 K, compare �g. 5.15.
In semilogarithmic representation, the measured diffusiv ities lie on a straight line. So in the
available temperature range, the Ni self diffusion follows Arrhenius' law

D(T) = D0 exp (� EA =kB T) ; (5.3)

with EA as activation energy of the diffusion process, and the prefa ctor D0 containing the
temperature-independent contributions of change of entro py, coordination number etc. For
Ni 36Zr64, we �nd EA = 0 :64eV per atom and D0 = 0 :19 � 10� 6 m2s� 1.
To study the complete dynamics – also of Zr, and the interdiff usion –, and a possible interplay
between microscopic dynamics and structure, we measured th e partial structure factors of
Ni 36Zr64.
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Figure 5.15:
Ni self diffusion in Ni 36Zr 64 as function
of inverse temperature. D (T) follows an
Arrhenius law with an activation energy
of 0.64 eV/atom.

This was achieved via isotopic substitution, measuring the static structure factor of three
Ni 36Zr64 samples in a similar levitation set-up as for the measuremen t of the Ni self diffu-
sion, but at the neutron diffractometer D20 of the ILL. One sa mple was pepared with Ni in
natural isotopic composition, one was enriched with 58Ni, and one with 60Ni. The respective
measured structure factors relate to the partial structure factors via a matrix containing the
scattering lengths and the stoichiometric concentrations of Zr and the Ni isotopes. Matrix
inversion produces the partial structure factors of the lef t hand side of �g. 5.16.
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Figure 5.16:
Partial static structure factors (left), and number and con centration structure factors (right)
for Ni 36Zr 64 at T = 1350K.

The structure is dominated by the Zr, whose structure factor looks similar to a simple hard
sphere structure factor. The NiNi partial structure factor has a minimum for the q value of the
ZrZr maximum and a double peak, also for the higher maximums, Ni atoms chie�y occupy
places left free by Zr. A chemical ordering is not clearly vis ible yet. For this, it is better to study
the correlation functions of the density �uctuations �� and the concentration �uctuations �c ,
compare right hand side of �g. 5.16. The number-number (or den sity-density) correlation is
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again hard-sphere like, but we �nd a contribution from Scc at the q value of the �rst ZrZr
structure factor maximum.
These partial structure factors are vital as input for mode- coupling theory (MCT). MCT in
the context of alloys with chemical short-range order can be used to calculate self-diffusion
and interdiffusion coef�cients. In the case of the Ni-Zr syst em this has already been done [2],
predicting that the self diffusion of both constituents pro ceeds with almost equal rates, due
to the strong coupling between Ni and Zr.

[1] A. Meyer, W. Petry, M. Koza, and M.-P. Macht, Appl. Phys. L ett. 83, 3894 (2003).

[2] Th. Voigtmann, A. Meyer, D. Holland-Moritz, S. Stüber, T. Hansen, T. Unruh, submitted

5.9 Change of microstructure and shape of solid materials by external magnetic
�elds

T. Mehaddene, J. Neuhaus1, W. Petry1, K. Hradil 1

1 Forschungsneutronenquelle Heinz Maier-Leibnitz (FRM II) , Garching, Germany

Studies of the lattice dynamics provide a link between exper iments and theoretical descrip-
tions, based on the underlying potentials for the microscop ic origin of various transforma-
tions. Magnetic shape memory alloys undergo a martensitic tr ansition within their ferromag-
netic phase. They are able to recover induced strains up 11% in moderate magnetic �elds. In
our group, we investigate their dynamical behaviour using i nelastic neutron scattering.
Normal modes of vibration along the high-symmetry directio ns in a Ni 49Mn 32Ga19 single
crystal have been measured by inelastic neutron scattering. The phonon dispersion curves
along [�� 0] are depicted in Fig. 6.4 [1]. The striking feature of the dis persions is the wiggle
in the TA 2[�� 0] branch within the � -range of 0.15–0.5 r.l.u. The wiggle softens anomalously
with decreasing temperature but remains �nite even at vicini ty of the martensitic transition
(M s=353K). Based on density functional theory, Entel et. al. have calculated the phonon spec-
tra of a stoichiometric Ni 2MnGa alloy along [ �� 0] [2]. The calculations, performed at T=0K,
predict a complete softening of the TA 2[�� 0] branch in the � -range 0.2-0.45 r.l.u. Despite of the
difference in the chemical composition of the measured samp le and the assumed stoichiom-
etry in the calculations, the overall behaviour of the phono n spectra and the extension in
q-space of the phonon anomaly are in good agreement. The degree of softening is enhanced
at 373K when the system is in the ferromagnetic state (Tc=390K). This is a signature of the
coupling of the magnetism to the lattice vibrations which is unique to NiMnGa. For instance,
no enhancement in the softening is observed in NiMnSn below it s Curie temperature (not
shown here).
We have extendend the lattice dynamics investigation to the martensitic phase of NiMnGa.
The lattice dynamics of two single variant samples, with dif ferent martensitic structures have
been measured. The 5M (7M) structure has a tetragonal (orthorhombic) cell with a periodic
stacking sequence of 5 (7) (110) atomic layers along [110]. The crystals have been measured
with their c-axis and a-axis perpendicular to the scatterin g plane, giving access to the phonon
dispersions along the [�� 0] and [0�� ] directions, respectively.
The acoustic phonon spectra of the 5M and 7M structures show f undamental differences. In
the 7M structure, neither the dispersion of the TA 2[�� 0] nor of TA 2[0�� ] shows an anomalous
behaviour. The two phonon branches show a normal sinus-curv e like dispersion. The same
phonon branches have been measured in the 5M-sample. Fig.6.6shows an iso-intensity map
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Figure 5.17:
Measured (symbols) and calculated (lines) phonon dis-
persion [2] along [ �� 0] in NiMnGa. The measurements
have been performed on a Ni 49Mn 32Ga19 single crystal
[1] at 373K.

of the scattered intensity. We clearly see the dispersion of the TA2[�� 0] branch with an extra
inelastic scattered intensity from a low-energy excitatio n arising from the elastic peaks of
the modulated structure. The low-energy excitation is disp ersive and levels off at higher q-
vectors. The iso-intensity map suggests that this branch interacts with the TA 2[�� 0] phonons
around � = 0 :3 r.l.u where the latter shows a wiggle in the dispersion. The i ntensity of the
low-energy excitation decreases very fast at higher energies and becomes weaker at higher
q-vectors.

Figure 5.18:
Iso-intensity map of the scattered intensity
along [�� 0] with a < 1� 10 > polarisation mea-
sured in a 5M-Ni 49Mn 32Ga19 crystal at room
temperature.

The appearance of the low-energy excitation in the martensi tic 5M structure of NiMnGa is
very striking. A simliar feature has been recently observed in 5-layered structure of a sto-
ichiometric martensitic Ni 2MnGa crystal in which the single variant has been achieved by
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applying a magnetic �eld of 1.5T while cooling down the sample through the martensitic
transformation [3]. Contrary to the observations of Shapir o et al. [3], the intensity of the ex-
citation is more pronounced in our sample in which the disper sion could be followed up to
the zone boundary. Moreover, we have observed elastic peaks of the modulated structure
centred on 0.4 r.l.u which is de�nitely different from to the i ncommensurate value 0.423 r.l.u
reported by Shapiro et al. Shapiro and his co-workers assigned their observations to a Charge
Density Wave (CDW) of which the origin is unclear. The fact th at this low-energy excitation
does not show up (so clearly) in the 7-layered structure make s its interpretation as a CDW
quite ambiguous. This point has to be addressed with extende d investigations.
This research project is part of the SPP 1239. We kindly ackknowledge funding by SPP 1239.

[1] The crystals have been made by R. Schneider, M. Mecklenburg, K. Rolfs, HMI

[2] P. Entel, V. D. Buchelnikov, V. Khovailo, A. T. Zayak, W. A . Adeagbo, M. E. Gruner, H. C. Herper,
and E. F. Wassermann, J. Phys. D: Appl. Phys.39, 865 (2006).

[3] S.M. Shapiro, P. Vorderwisch, K. Habicht, K. Hradil and H . Schneider, Eur. Phys. Lett.77, 56004
(2007).

5.10 Mößbauer spectroscopy and nuclear inelastic scatter ing studies on a polynu-
clear oxo-bridged iron catalyst - �rst results

T. Asthalter 1, S. Rajagopalan1, U. van Bürck, F.E. Wagner, V. Rabe2, S. Laschat2
1 Institut für Physikalische Chemie, Universität Stuttga rt
2 Institut für Organische Chemie, Universität Stuttgart

Selective catalytic oxidation using molecular oxygen is hi ghly promising for the synthesis
of complex natural products and pharmaceutically active ag ents. Recent developments in
catalysis aim at the optimization of yield, turnover freque ncy and selectivity, as well of the
sustainability of the entire processes. Thus, it is desirable to replace expensive heavy metal
catalysts by materials containing economic, non-toxic iro n within their active centre.

Figure 5.19: Structure of the catalyst precursor

In this paper we report �rst results obtained from Mößbauer s pectroscopy (MS) and Nuclear
Inelastic Scattering (NIS) of synchrotron radiation on suc h a selective oxidation using molec-
ular O 2 and a novel polynuclear iron catalyst. A �rst X-ray crystallo graphic study on a water
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adduct indicates that the precursor is a tetranuclear iron c omplex as shown in Fig. 5.19. The
geometry of the cluster may be described as a `butter�y' of ty pe II, based on two edge-sharing
Fe3(� 3-O) triangular units [1,2].

Figure 5.20: Scheme of the reaction

The precursor is prepared from Fe(NO 3)3�9 H2O using appropriate ligands. The active cat-
alyst was prepared by adding 61 mg of precursor to 131 mg of Zn p owder, 230� l of acetic
acid and 2.8 ml of pyridine. The reaction was then started by a dding 10.5 ml of the substrate,
cyclohexene. The reaction scheme is shown in Fig. 5.20. All reactions were performed under
inert gas (N2). One sample was also prepared without substrate and in the p resence of O2.
For the NIS experiments, Fe(NO3)3�9 H2O, which is the starting material for the precursor and
all other samples, was prepared from 95.38 % enriched 57Fe powder.
The Mößbauer spectra were measured in a bath cryostat at 4.2K by using a gas proportional
detector in transmission geometry and a 57Co source (Rh-matrix). The isomer shifts were cal-
ibrated with respect to Fe at 4.2 K. In order to study the reacti on kinetics, measurements were
also done at different times after starting the reaction. Th e samples were freeze-quenched [3]
by taking approximately 120 � l of the oxidation reaction mixture in a syringe, then immedi -
ately injecting it into the sample holder and immersing the s ample holder in liquid nitrogen.
In order to study the in�uence of different reactants in deta il, measurements were also done
on different combinations (with or without substrate in ine rt gas and in O2).
The NIS experiments were performed at~70 K at the beamline ID18 of the ESRF, with an energy
bandwidth (FWHM) of 1.2 meV. The collection times were roughl y 10 h per spectrum.
Details of the Mößbauer results can be found in [4]. The Möß bauer parameters (isomer shift,
IS and quadrupole splitting, QS) are tabulated in Table 5.10. In summary, the data are con-
sistent with the assumption that the precursor is a high-spi n Fe(III) complex, which converts
into a high-spin Fe(II) active catalyst. During reaction, a lso a Fe(III) side product is observed.

Compound IS [mm s� 1] QS [mm s� 1]

Precursor 0.290 0.652
Active catalyst under N 2 0.949 3.392
Active catalyst + cyclohexene under N 2 0.950 3.372

0.947 3.287
Active catalyst under O 2 0.305 1.040
Reaction after 1 min 0.973 3.217

0.952 3.091
Reaction after 2 min

0.289 1.008
0.962 3.203

Reaction after 30 min
0.304 1.052

Table 1: Mößbauer parameters of precursor, catalyst and reaction mixtures at 4.2 K
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Figure 5.21: VDOS of the catalyst precursor

Turning now to the NIS experiments, Fig. 5.21 shows the parti al Fe vibrational density of
states of the solid precursor. From the VDOS, the mode composition factor ( e2

ac), which is the
fraction of kinetic energy associated with the resonant ato m in the respective mode, can be
easily computed. The mode composition factor of pure acoust ic lattice modes is given by [5,6]

Figure 5.22: Reduced VDOS of the catalyst precursor

e2
ac =

n � mR

M
; (1)

where n (4 in our case) is the number of the Mößbauer nuclei present in the molecule, mR

is the mass of the Mößbauer nuclei and M (1198.93u) is the total mass of the molecule. Ac-
cording to Eq. 1, the mode composition factor for acoustic mo des should be 19 %, and the
integrated VDOS reaches this value at 14.5 meV. From Fig. 5.21 it is obvious that the upper
limit of the acoustic modes extends into a molecular mode. Us ing the Debye approximation,
the correct upper limit of the acoustic modes can be determin ed directly from the experimen-
tal data as described in [6]. According to the Debye approxim ation, the upper limit of the
acoustic modes,Eup , is given by
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Eup =
�

�
2�

� 1=3

; (2)

where the proportionality coef�cient � can be computed from the reduced VDOS g(E)=E2 as
shown in Fig. 5.22. Using Eq. (2), the correct upper limit is f ound to be 9.5 meV, which is in
good agreement with the lower limit of the acoustic region/p eak in Fig. 5.21. These differ-
ences in the limit of lattice modes are due to the fact that int er- and intramolecular vibrations
overlap. The limits predicted by the Debye approximation an d by Eq. (1) are indicated by ar-
rows in Fig. 5.21. The NIS spectrum of the active catalyst (not shown) differs strongly from the
one of the precursor. Quantum chemical calculations and nor mal mode analysis are currently
be used to analyse the molecular modes. NIS spectra of frozensolutions will be discussed in
a forthcoming paper.

[1] W. H. Armstrong, M. E. Roth, S. J. Lippard, J. Am. Chem. Soc. 109,6318–6326 (1987).

[2] J. Overgaard, D. E. Hibbs, E. Rentschler, G. A. Timco, F. K. Larsen, Inorg. Chem. 42, 7593–7601
(2003).

[3] A. Vértes, D. L. Nagy (eds.): Mössbauer Spectroscopy of Frozen Solutions,Akadémiai Kiadó, Bu-
dapest (1990).

[4] S. Rajagopalan, T. Asthalter, V. Rabe, U. van Bürck, F. E. Wagner, S. Laschat, accepted by Hyper-
�ne Interactions.

[5] J. T. Sage, C. Paxson, G. R. A. Wyllie, W. Sturhahn, S. M: Durbin, P. M. Champion, E. E. Alp, W. R.
Scheidt, J. Phys.: Cond. Matter13,7707–7722 (2001).

[6] A. I. Chumakov, R. Rüffer, O. Leupold, I. Sergueev, Stru ct. Chem. 14,109–119 (2003).
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6 Instrumental and methodical developments

6.1 Status of the instrumentation at the Forschungsneutron enquelle Heinz Maier-
Leibnitz (FRM II)

W. Petry

Diffractometers
materials diffractometer StressSpec HMI / GKSS routine operation
powder diffractometer SPODI TU Darmstadt/LMU M. routine operation
therm. single crystal diffract. RESI Uni Augsburg/LMU M. routine operation
hot single crystal diffractometer HEIDI RWTH Aachen routine operation
beam for neutron optics MIRA TUM physics routine operation
re�ectometer liquid samples RefSANS GKSS/LMU Munich routine operation
re�ectometer for hard matter n-REX+ MPI-Stuttgart routine operation
high intensity re�ectometer MARIA JCNS 2009
small angle scattering KWS 1 JCNS 2008
small angle scattering KWS 2 JCNS routine operation
small angle scattering KWS 3 JCNS routine operation
small angle scattering SANS-1 TUM physics/GKSS 2009
bio diffractometer TUM physics/JCNS 2011
high intensity diffractometer POWTEX RWTH/Uni Göttingen 2012
Spectrometers
classical spin echo NSE JCNS routine operation
resonance spin echo RESEDA TUM physics 2008
back scattering SPHERES JCNS routine operation
time-of-�ight ToF-ToF TUM physics routine operation
diffuse & inelastic DNS JCNS 2008
thermal time-of-�ight TOPAS JCNS 2011
spin echo three axes TRISP MPI-Stuttgart routine operation
cold three axes PANDA TU Dresden routine operation
thermal three axes PUMA Uni Göttingen routine operation
polarised three axes KOMPASS Uni Cologne/TUM ph. 2012
Fundamental Physics
cold beam nuclear physics MEPHISTO TUM physics routine operation
prompt gamma analysis PGAA Uni Cologne/TUM ch. routine operation
ultra cold neutrons UCN TUM physics > 2012
Radio- & Tomography
with cold neutrons ANTARES TUM physics routine operation
with fast neutrons NECTAR TUM chemistry routine operation
Positrons
NEPOMUC TUM ph/ Uni BW routine operation
Clinical Tumor Therapy
with fast neutrons MEDAPP TUM FRM II routine operation

Table 2: Status of beam hole instrumentation at FRM II
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In 2007 — the 3rd year of routine operation – the Forschungsneutronenquelle Heinz Maier
Leibnitz (FRM II) operated for 233 full power (20 MWatt) days. In early spring 2007 the east
building with its large second neutron guide hall has been �ni shed and the Jülich Centre for
Neutron Sciences (JCNS) moved into its of�ces and labs on top of the guide hall. All this was
celebrated in an inauguration event on 9th of May 2007. Step by step the �rst instruments of
the JCNS became operational (see table 1) and typical gains in performance by factors 10 to
100 were achieved, when compared to their performance at DID O, FZ-Juelich. Here gain in
performance is de�ned by increase in �ux at the detector times increase in resolution. This
gain is the result of both, higher �ux of the neutron guides at FRM II and a sophisticated
upgrade of each of the instruments. A �rst proposal round for t he JCNS instruments took
place in March 2007.
With July 2007 the Federal Ministry for Education and Science (BMBF) renewed its engage-
ment in funding instruments at FRM II. PUMA, SPODI, polarized HEIDI and biological sam-
ple environment at RefSANS continue under the patronage of B MBF. Further funds for three
more instruments or upgrades have also be allocated, POWTEX, KOMPASS and automatic
sample set-up at StressSpec. The universities in charge of the BMBF instruments are Uni
Göttingen, TU-Darmstadt, RWTH Aachen, LMU Munich and the TU- Clausthal. Some of
them engage at several instruments.
For the �rst time laboratory courses for the advanced semeste rs of the study of physics at the
Physics Department took place at selected instruments of the FRM II in 2007. Each course
meant hands-on-training on a particular instrument for 24 o ur with subsequent evaluation of
the results.
Similar training happened within the annually organized ne utron school of the FZ-Juelich.
Here about 40 PhD students from all over Europe learn the essentials of neutron scattering in
a one week crash course at FZ-Juelich and complement this by aone week training on site at
the instruments installed at FRM II.
Early 2007 the Bavarian Ministry for Environment, Consumer P rotection and Health granted
to FRM II the permission to treat tumors by fast neutron irrad iation. This was immediately
followed by the �rst patients, coming from TUM's own clinic.

6.2 Upgrade of the tandem Fabry-Perot interferometer

J. Wiedersich, A. Meier-Koll, P. Müller-Buschbaum, W. Petry

The light scattering laboratory at E13 underwent a major ins trumental upgrade of the set-up
of the Sandercock tandem Fabry-Perot interferometer. The instrument was in successful op-
eration for more than a decade [1], but both mechanical wear and technical progress over that
time pointed towards a fundamental refurbishment. From the beginning of the year, the Ar
ion laser showed signs of the end of the tube's lifetime, whic h fortunately could be delayed
up to the end of November. Both soft- and hardware of instrume nt control and data acqui-
sition were running on a more than ten year old computer, and n either could be technically
ported to modern hardware or to a current operating system (O S). Some mechanical parts
were failing, suggesting a testing and maintainance or repl acement of all electronic or me-
chanical parts. Furthermore, it turned out that the proper o peration of the interference �lters
could not be veri�ed any more with the lack of a dispersive pris m within the interferometer
[2], see report 6.3.
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All this pointed towards a fundamental upgrade of the experi ment, that eventually turned
all parts of the instrument towards a `brand new' state. The m ain changes of the tandem's
experimental set-up are the following:

� The Ar ion laser is being replaced by a solid state Nd:Vanadat e laser, operating at a
wavelength of 532.3 nm instead of 514.5 nm. The laser is in the process of being de-
livered at the time of writing. One disadvantage of the new la ser is the reduction of
output power by a factor of 10 compared with the Ar laser. At pr esent, E14 has very
kindly lent us a more powerful Nd:Vanadate laser and we hope t hat we can keep that
for a bit longer.

� The change in wavelength requires a new set of interference �l ters in order to suppress
higher transmission orders (cf. report 6.3).

� The optical system of the interferometer and the housing hav e been replaced by a more
compact design. Most day-to-day adjustment and the operatio n of the photo detector
can now be achieved without opening the housing of the interf erometer, avoiding ther-
mal and other disturbance of the delicate instrument (inter ferometer mirrors have to be
kept parallel over hours within less than � 10� 8 rad while two of them are constantly
scanned).

� A dispersive prism was reinserted into the optical system. T ogether with the interfer-
ence �lter, the prism allows a �exible and controlled adjustm ent of the required band-
pass of the interferometer, avoiding contributions of high er transmission orders of the
tandem. Without an additional bandpass the Sandercock con�g uration of two Fabry-
Perot interferometers suppresses the next transmission orders, but every 20th order will
transmit again [2]. In order to faciliate measurements over a broad frequency range,
�exible and veri�able control over the instrument's bandpas s is required.

� The numerical aperture, ie. the foci of the lenses within the interferometer, were changed
in order to better match the available pinholes.

� Additional apertures were placed within the optical path of the interferometer in order
to reduce interferometer ghosts and to increase the practicable contrast.

� An new microscope allows direct viewing of the light enterin g the instrument through
the entrance pinhole. This faciliates alignment, especially for weak scattering signals.

� New hard- and software for data acquisition. Unfortunately the old home developed
software of Joachim Wuttke could not be ported to new hardwar e or a modern OS.
Therefore the software was replaced by proprietary softwar e. Since there is a personal
contact between our lab and both developers and the vendor of the software it is hoped
that the inherent disadvantage of proprietary software wil l be small.

� In the course of refurbishment, every single part of the expe rimental set-up was taken
apart, each precision engineered mechanical part was disassembled and serviced, and
all optics were cleaned.

Figure 6.1 shows the very �rst spectrum measured after the upg rade, employing E14's
Nd:Vanadate laser. The spectrum of scattered light from the polymer p-(methyl-methacrylate)
(PMMA) covers about four orders of magnitude and shows a backgr ound at high frequencies
that still is one order of magnitude above the dark count leve l of the detector.
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Figure 6.1:
Brillouin spectrum of PMMA obtained in back scattering geom etry. From 0 GHz outwards
the following features are observed: elastic peak (reference signal), longitudinal Brillouin
line, ghosts of the reference signal (two peaks close to eachother), ghosts of the Brillouin
line (two peaks on either side). Note that the �t by the instru mental function is practically
indistinguishable from the reference signal.

Note that the signal is larger by about an order of magnitude o r more for frequencies below
the Brillouin line than at frequencies higher than the Brill ouin line. Therefore, taking the loga-
rithmic intensity scale, the Brillouin spectrum cannot be d escribed by a conventional Lorentz
function.
There are still a few open points. The narrowest interferenc e �lter and the new laser are
expected to be delivered within a few weeks and it is being wor ked on improving the tem-
perature stability of the lab.
In conclusion, it is hoped that the present refurbishment le ads to a better performance of the
tandem interferometer – especially for the study of weaker s ignals – due to the more �exible
adaption of the bandpass and due to the expected improvement of the experimentally usable
contrast.

[1] J. Wuttke, M. Seidl, G. Hinze, A. Tölle, W. Petry, G. Codd ens; Eur. Phys. J. B1, 169 (1998)

[2] J. R. Sandercock, Tandem Fabry-Perot interferometer TFP-1, Operator Manual

6.3 Characterisation of the upgraded Fabry-Perot interfer ometer

A. Meier-Koll, J. Wiedersich, P. Müller-Buschbaum, W. Petry

We are interested in the dynamical behaviour of fast relaxat ions and vibrations. Excitations in
the corresponding frequency range of GHz to THz are convenie ntly studied with Fabry-Perot
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interferometers (FPIs). The most prominent excitations in this domain are longitudinal and
transverse sound waves which lead to a frequency shift of the scattered light. In disordered
solids like polymers, relaxation processes lead to a contribution to the signal which is serval
orders of magnitude smaller than peaks originating from sca ttering at sound waves. In order
to reveal these relaxation processes and the underlying mechanisms, it is neccessary to obtain
spectra with intensity and frequency variying over several orders of magnitude. Therefore, it
is essential to operate the Fabry-Perot interferometer wit h a very high signal-to-background
ratio.
In the light scattering laboratory at E 13, we use a six-pass Tandem Fabry-Perot interferometer
manufactured by Sandercock. In the tandem setup, two Fabry- Perot interferometers with a
�xed relation of the mirror distances are coupled. With this �x ed relation the tandem trans-
mits every 20th order of the free spectral range. With this ar rangement, the higher transmis-
sion orders of a FPI are suppressed. However, due to the high resolution and the broad range
of light scattered by disordered systems, it is not suf�cient to suppress the next couple of
higher transmission orders, but a suf�cient suppression of all further transmission orders is
required. (At a typical free spectral range of 20 GHz the visi ble optical range contains more
than 104 transmission orders of a FPI. ) The tandem FPI alone, however fully transmits ev-
ery 20th higher order, ie. it suppresses about 95 % of those orders. To further enhance the
spectrometer, higher orders of transmittance have to be suppressed with a suitable optical
bandpass. Over the past years, our interferometer was equipped with a set of interference
�lters for this purpose. In order to be more �exible and to ensu re the elimination of higher
orders of transmittance also at large frequency scales, a pinhole-prism combination as an ad-
ditional bandpass was added to the setup. The whole optical s ystem is now in a state that is
equivalent to currently delivered systems, including a dif fractive prism and pinhole combi-
nation. As light source we changed from an Ar-ion laser (514. 5 nm) to a Nd:Vanadate laser
(532.3 nm). Therefore, we also had to order new interference �lters, transmitting at the differ-
ent wavelength (for details see section 6.2)
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Characterisation of a 2 nm band�lter
with the new setup: raw data. Upper
curve: raw data spectra measured with a
free spectral range of 3000 GHz. Middle
curve: raw data spectra measured with a
free spectral range of 1500 GHz. Lower
curve: dark count-rate of the detector

As a �rst technical test, we veri�ed that the upgraded tandem se tup suppresses higher than
the 20th order of transmittance effectively and determined the transmission function of the
new interference bandpass �lter. The entrance of the tandem s etup is illuminated with white
light from a bulb. Since the lamp's emission spectrum is much broader and more intense
than the spectrum of any scattered light from a sample, it can be considered as a `worst case
senario' one has to deal with.
In �gure 6.2 raw data spectra of a bandpass �lter (central line 5 32.3 nm, FWHM=2 nm)
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recorded with the new setup are plotted. The middle curve is m easured with a free spec-
tral range of 1500 GHz. In the logarithmic representation it is clearly visible that the intensity
drops from the maximum at the central line to a value which is a bout the same level as the
dark counts of the detector (1.5 cts/sec). The curve measured at a free spectral range of 3000
GHz looks similar. The additional peaks are ghost signals of the �lter transmission and the
central line. Again the signal returns to the detector backg round level at high frequencies.
This clearly demonstrates that the pinhole-prism combinat ion suf�ciently suppresses trans-
mittance contributions from all higher orders of the free sp ectral range.
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Figure 6.3:
Transmission of a 2 nm band�lter with
the new setup. Upper curve: meassured
with free spectral range 3000 GHz. Mid-
dle curve: meassured with free spectral
range 1500 GHz.

From the raw data (�gure 6.2) and additional measurements of t he white light spectra without
the interference �lter, the transmission function is derive d (�gure 6.3). With exception of the
priviously mentioned ghosts of the central line the derived transmission function from both
free spectral ranges are the same and go down to the dark count level at high frequencies.
This again con�rms that the overall bandpass of tandem FPI, in terference �lter and prism
suf�ciently suppresses all the light from the light bulb exce pt for the desired very narrow
wavelength range. For the displayed spectra, the sum of all r esidual transmission outside the
interval � 0 � 0:03nm is less than 104 times the accepted signal.

6.4 Implementation and testing of a GISAXS �uidic cell

J.-F. Moulin, P. Müller-Buschbaum, S. V. Roth1

1 HASYLAB at DESY, Hamburg, Germany

Flow of a liquid upon a solid surface is controlled by interac tions on different length scales:
the interactions between the constituents of the liquid and the solid substrate on the atomic
scale as well as the substrate morphology in terms of corrugation, roughness and topography
at large length scales give rise to a rich, system-speci�c behavior. These problems can in
theory be conveniently studied via scattering techniques, but up to now, no GISAXS setup has
been described allowing to investigate the �uid/substrate interface under �ow conditions.
We have thus designed and realized a new �uidic chamber optim ized to perform GISAXS
scattering at beamlines offering a microfocus option[1].
As seen from �gure 6.4 this setup is basically a Y shaped plasti c channel which is clamped
over a substrate (glass or silicon), this geometry making it possible to study mixing or liquid
separation. The geometry of the channel has been optimized to minimize absorption and



A NNUAL REPORT 2007 PHYSIK -DEPARTMENT E13 103

Figure 6.4: GISAXS Fluidic cell and the scattering geometry

Figure 6.5:
2D Scattering Patterns obtained for (a)Bare glass substrate, (b) Empty �uidic cell, (c) 20nm
gold nanoparticles suspension �owing in the cell

parasitic scattering and the material used (TOPAS) has beenselected owing to its good optical
properties. Optical characterization of the �ow pro�le as a f unction of �ow rate has been
performed using a coloured solution and quantitative image analysis showed that laminar
�ow conditions are maintained at all used �ow rates.
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Figure 6.6:
Out of plane cut of the 2D scattering patterns at the Yoneda peak position of gold. The
continuous line for the gold nanoparticles data shows the re sults of a �t of the intensity
for 20nm particles.

In order to test the setup from the point of view of scattering applications, we performed
injection of gold nanoparticles acqueous suspensions and compared the scattering to that
observed for an empty cell and for the bare substrate (see �gur e 6.5).
One notices immediately the strongly enhanced scattering d ue to gold nanoparticles. This is
better seen in an out of plane cut of the 2D scattering pattern at the position of the Yoneda
peak of gold.
Figure 6.6 shows these cuts as well as a model �t of the intensit y in the case of the gold
suspension data. This �t shows that particles of 20 nm can be de tected at the interface between
the solid and the �uid in motion. To the best of our knowledge t his is the �rst time such an
experiment is reported. We believe that this setup and its us e for characterization of systems
such as natural or synthetic colloids as well as polymer inte rfaces under �ow will open new
perspectives to the �eld of �uidics.

[1] J.-F. Moulin, S.V. Roth, P. Müller-üschbaum, Rev. Sci. Instr. (2007)Accepted for publication

6.5 Time-of �ight grazing incidence small angle neutron sca ttering

P. Müller-Buschbaum, J.-F. Moulin, V. Kudryashov 1, M. Haese-Seiller1, R.
Kampmann 1

1 GKSS-Forschungszentrum, Geesthacht, Germany

Polymers with controlled nanoscale morphologies continue to be of considerable interest for a
wide range of applications in electronics, optoelectronic s, photonics, sensors, and drug deliv-
ery. In particular, nanostructured polymer �lms allow for ne w properties, which are mainly
based on surface effects and a size reduction down to a regimein which a characteristic length
scale of a physical phenomenon becomes comparable with the typical length scale of the
nanostructure. In many applications polymers are favoured because many of them are trans-
parent, compliant, and biocompatible and/or biodegradabl e. Moreover, polymer devices are
inexpensive and disposable, which is highly desirable for c ost-effective applications.
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Figure 6.7:
Selection of twelve 2d intensities measured simultaneousl y in the TOF-GISANS experi-
ment. The corresponding mean wavelengths are a) 0.50, b) 0.55, c) 0.61, d) 0.68, e) 0.75,
f) 0.82, g) 0.91, h) 1.00, i) 1.11, j) 1.22, k) 1.35 and l) 1.48 nm. The intensity is shown on
a logarithmic scale represented by colours following the EO S2 palette (white= low and
black= high intensity). Taken from [4].

In addition to a real space image of surface structures, a meaningful statistical analysis is
advantageously performed with scattering techniques. Syn chrotron radiation based grazing
incidence small angle X-ray scattering (GISAXS) turned out to be a powerful advanced scat-
tering technique to probe nanostructured polymer �lms. Simi lar to AFM a large interval of
length scales between molecular and mesoscopic ones is detectable with this surface sensitive
scattering method. While with AFM only surface topographie s are accessible, with GISAXS in
addition the buried structure is probed. Due to the larger ar ea probed by GISAXS, this tech-
nique provides data having a much higher statistical qualit y than AFM. However, contrast
between different components building-up nanostructures might be small and consequently,
the possibility of tuning contrasts, which is possible by (p artial) deuteration in case of neutron
scattering, can be extremely advantageous. Thus neutron surface scattering as analytical tech-
niques is a very successful technique. Using neutrons instead of x-rays in combination with
the grazing incidence small angle scattering geometry results in grazing incidence small angle
neutron scattering (GISANS). As compared to GISAXS measurements based on synchrotron
radiation, experiments using neutrons are still very rare. So far all GISANS experiments were
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performed with a monochromatic neutron beam. These single w avelength experiments are
typically very time consuming in case several different inc ident angles are probed. Within
this article we report on a new approach, combining GISANS wi th the time-of �ight mode
(TOF). TOF mode allows for a specular and off-specular scattering experiment, in which neu-
trons with a broad range of wavelengths are used simultaneou sly and recorded as a function
of their respective times of �ight. Such white beam experime nts are impossible with x-ray
beams due to the immediate radiation damage to the sensitive (bio-) polymer structure. Due
to the different interaction, neutron scattering experime nts overcome all problems related to
radiation damage and are thus a unique probe to detect radiat ion sensitive surface structures.
So far TOF-mode based surface sensitive neutron scatteringexperiments were restricted to
neutron re�ectivity and standard off-specular scattering .
To demonstrate the possibilities of the new analytical tech nique TOF-GISANS we focus on
a simple polymer nanostructure. The model system consists of an arrangement of small
droplets, called nano-dots, containing a deuterated homop olymer which are prepared on
top of a solid support [1]. Historically, a comparable polym er nano-dot sample was used
as model system for the �rst GISANS experiments as well [2]. Th us the nanostructure is ac-
cessible with AFM and single wavelength GISANS measurement s exist, which allows for a
detailed evaluation of a TOF-GISANS experiment.
The presented experiments were carried out at the REFSANS beamline at the neutron re-
actor Heinz Maier-Leibnitz (FRM II). The total intensity, in tegrated over all TOF channels,
and hence over all wavelengths is strongly dominated by the c hannels with highest inten-
sity. However, the wavelength integration is equivalent to a strong smearing, because at
individual wavelengths the detector pixels cover differen t qyqz-areas. Thus for a quantitative
analysis only the 2d intensities related to individual TOF c hannels are suited. In �gure 6.7 the
2d intensity distributions at 12 TOF channels is shown for a �x ed number of effective pixels.
Due to the different wavelengths each 2d intensity in �gure 2 c orresponds to a different (q y ,
qz)-range. Thus each 2d image in �gure 6.7 is equivalent to the GI SANS signal obtainable in
a standard GISANS set-up [3] for the wavelength of the TOF cha nnel.
Figure 6.7 shows the anisotropy of all observed scattering patterns. Different main features
are already determined right from the two-dimensional imag es: The intense specular re-
�ected peak, the Yoneda peak (which position depends on the r elated wavelength) and the
splitting of the diffuse scattering into two strong Bragg-r ods. The Yoneda peak is located at
the position of the critical angle � c. [4]

[1] P. Müller-Buschbaum et al., J. Phys. Condens. Matter17, S363 (2005)

[2] P. Müller-Buschbaum et al., Phys Chem Chem Phys 1, 3857 (1999)

[3] P. Müller-Buschbaum et al., Physica B 283, 53 (2000)

[4] P. Müller-Buschbaum et al., submitted

6.6 Spectral �uence rates of the fast neutron beam M EDA PP at FRM II

H. Breitkreutz

This report is a summary of [1], which gives detailed informa tion about the calculations and
experiments carried out for my diploma thesis. The work was s upervised by Franz Wagner
in custody of Winfried Petry. All experiments were located a t the M EDA PP facility at FRM
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II. Thermal neutrons from the reactor core induce �ssion in tw o converter plates containing
498 g U-235. Some of the fast neutrons created here enter a beam tube and can be used for
experiments. For this, the spectrum of the beam, its geometrical shape and the total �ux have
to be known.
The neutron spectrum of the M EDA PP �ssion beam at FRM II has been simulated by a Monte
Carlo calculation using MCNP 4C2. This has already been done earlier [2], but with huge
errors in the important (fast) part of the spectrum. The simu lation was improved using some
uncommon variance reduction methods and a special approach on the interface between two
parts of the simulation: In a �rst step [3], the reactor core an d the converter plates were
simulated. Particles entering the beam tube were saved to a special �le. This �le was then
analysed and modi�ed, so that more particles were heading tow ards the point of interest, the
so called patients position at the end of the beam tube (in fact, angels between the particles
�ight direction and the beam tube axis were halfed). The simu lation was then continued
for the beam tube using this �le as start �le. This reduced the er ror by a factor of 2. The
resulting spectrum has then been compared with a transmissi on calculation and an analytical
�t that was obtained from a typical reactor spectrum that pass ed a 1/v-�lter. This approach
was reasonable since MedApp has a near-pencil-beam geometry. All three approaches agreed
well.
The simulated spectrum was then veri�ed using multiple foil a ctivation. For this, effective
cross sections based on point data from ENDF and the simulated spectrum were calculated:

�� i =

R1
0 � i (E)� trial (E)dE

R1
0 � trial (E)dE

: (6.1)

These cross section were then used to calculate a �ux for every foil based on the measured
decay rate of the activated materials. Materials included Ti , Fe, Al, Mg, Ni, Rh, In, Au and
some others. In this experiment, the main focus was set on threshold reactions like (n,p)- and
(n,� )-reactions, but also (n,
 )-reactions were included.

� i =
Z i

Ci � �� i
: (6.2)

The constantCi incorporates all material constants, times and detector ef�ciencies. If the trial
spectrum is right, �uxes � i are equal for every foil and reaction. As results were quite g ood,
in a next step, an equalisation calculation as required by DI N 1319-4 was performed using the
program MSITER from the NMF90 package with updated cross secti ons from IRDF 2002. It
must be mentioned that MSITER does not fully meet the requirem ents of DIN 1319-4 as no
adjustment of the cross sections is performed.
The adjusted results are show in �g. 6.8. The measured data con�rmed the simulated spec-
trum in most parts, only minor adjustments were made.
The mean energy was determined to be 1.9(1) MeV, Kerma weighted 2,7(2) MeV. The median
energy is 1.5(1) MeV.
Furthermore, the total �ux was measured. This was done using a modi�ed gold-water-bath
technique: A bath �lled with water was equipped with gold foil s. Fast neutrons enter the bath
through a short tunnel and are moderated in the water. The gol d foils are activated by thermal
and epithermal neutrons. The measurement is then repeated with Cd-covered gold foils that
are only activated by epithermal neutrons in resonance capt ure. The difference between both
measurements can be used to calculate the thermal �ux at a giv en point. This way, a total �ux
of 3:2(2) � 108 cm� 2s� 1 was measured. This value agrees with other measurements (neutron
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Figure 6.8: Adjusted spectrum of M EDA PP with standard �lters (1 cm B4C epoxy and 3.5 cm lead).
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Figure 6.9:
Measured and calculated pro�le of the M EDA PP neutron beam. Note that �ux values are
slightly larger than 3:2 � 108 cm� 2s� 1, as indium was used, which tended to give higher
�ux values than other materials. The hatching indicates the different regions (from left to
right: full �ux, inner penumbra, outer penumbra, shadow).

dose, multiple foil activation). It is slightly lower than e xpected from simulations, as MCNP
did not take the burnup of the converter and the poisoning of t he converter plates with Xe-
135, Sm-149 and other �ssion products into account.
The geometrical beam pro�le was measured using small indium w ires that were placed on
a thin PMMA plate, as only the fast neutrons were of interested. A very simple geometrical
model of MedApp was used for an analytical approach to determi ne the width of the penum-
bras. Measurement and theory showed a very good agreement (see �g. 6.9).

[1] H. Breitkreutz, Diplomarbeit, FRM II, 2007

[2] S. Kampfer, Diplomarbeit, FRM II, 2005

[3] A. Röhrmoser, Neutrons designed for usage at FRM II, Ann ual Report 2006 Forschungsneutro-
nenquelle Heinz Maier-Leibnitz (FRM II)
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6.7 Heavy ion bombardment of UMo/Al dispersionn fuel

R. Jungwirth, W. Schmid, W. Petry, L. Beck1, A. Bergmaier2

1 Maier-Leibnitz-Laboratorium (MLL), München, Germany
2 Universität der Bundeswehr München, Neubiberg, Germany

It was shown, that heavy ion bombardment of U-Mo/Al dispersio n fuel allows to simulate
the effects of radiation damage during in-pile irradiation [1]. Heavy ion bombardment avoids
activation of the specimens. They may therefore be readily examined in simple laboratory ex-
periments.
The examined specimen was irradiated with I 127 at 80MeV. The angle between the incident
ion beam and the sample surface was 60 degree. The temperature of the sample was below
370K during bombardment with heavy ions (compare �g. 6.10).
In contrast to irradiation experiments with heavy ions, whi ch were conducted under tem-

Figure 6.10: Sketch of the irradiation setup [2]. The specimens are irrad iated with I 127 at 80MeV.

peratures of � 470K before [3], the sample broke apart. SEM pictures show a large, assymetric
interdiffusion layer (IDL) around every UMo particle. The as symetry of the interdiffusion
layer is due to the direction of the incident ion beam (compar e �gure [6.11]).
An EDX analysis was carried out on different positions on the UMo grain surface (positions

Position U[at%] Mo[at%] Al[at%]
1 20,9 2,8 76,3
2 88,3 11,7
3 24,3 3 72,7
4 20,5 0,8 78,8

Table 3: Data of EDX analysis carried out on positions 1-4 on �g ure [6.11]

1-4, �g [6.11]). It was found, that the composition of the IDL d iffers signi�cantly on positions
3 and 4. However, position 1 and 4 show the same composition. EDX analysis on position
2 revealed the original composition of the UMo grain. It did no t change during irradiation
(compare table [3]).The distribution of elements inside th e IDL corresponds to UAL 4. X-ray



110 PHYSIK -DEPARTMENT E13 ANNUAL REPORT 2007

Figure 6.11:
SEM picture of an specimen after bombardment with heavy ions at 370K. A UMo grain
embeded in an AL-matrix is visible. A great part of the grain w as consumed during irra-
diation and changed into an assymetric interdiffusion laye r (IDL) around a UMo core The
assymetry is due to the direction of the incident ion beam. Sm aller grains were completly
consumed during irradiation. EDX analysis shows that the ID L consists of U, Al and Mo
(compare table[3]).

diffraction measurements are planed for end of january 2008 to con�rm or reject this assump-
tion. However, post irradiation examination of the samples irradiated at � 470K found that
the interdiffusion layer mainly consists of UAl 2 and UAl 3.

[1] D.G. Walker, P.A. Morel, X-ray diffraction studies of ion bombarded U3Si, Journal of Nuclear mate-
rials 39, p. 49-58, 1971

[2] W. Schmid, private communication, 2005

[3] N. Wieschalla: Heavy ion irradiation of UMo/Al dispersion fuel, Dissertation at TUM, 2006

6.8 In�uence of microstructural parameters on macro residu al stress analysis

J. Repper, M. Hofmann1, C. Krempaszky2

1 ZWE FRM II, TU München
2 CDL, WKM, TU München

Mechanical and thermal treatments during the manufacturing process inevitably cause the ac-
cumulation of residual stresses in parts consisting of mate rials with complex microstructure
(e.g. high performance multiphase Ni- or Ti-alloys). It is w ell known that residual stresses
affect the service life time of industrial used parts. Neutr on diffraction is particularly well
suited to determine residual stress distributions within t he bulk of the component. The anal-
ysis of residual stresses from diffraction data can be strongly in�uenced by inhomogeneities
of microstructural parameters (texture, grain size, distr ibution of precipitates, phase compo-
sition). We were able to show this in�uence by means of a simpl e sample geometry (�at disc
shaped IN718 specimen, diameter = 100 mm) where process relevant boundary conditions al-
low us to predict the stress distribution in one principle - h ere axial - direction [1]. The residual
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Figure 6.12:
Variation of the calculated reference values 2� 0 with the measuring depth x across the
thickness of a forged IN718 pancake. The variation results from differences in the chemical
composition across the thickness of the pancake.
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Figure 6.13:
Residual stress distribution in the three principal axes ho op, radial and axial plotted
against measuring depth x across the thickness of an IN718 disc (dashed lines indicate
the position of the surfaces of the disc). The black line shows the stress distribution in the
radial and hoop direction predicted by a simple semi-analyt ical model [1,3].

stress determination with neutrons were carried out at the Ma terials Science Diffractometer
STRESS-SPEC [2], hosted by the FRM II.
For the determination of the residual stress distribution i n the IN718 forged pancake it was
not possible to cut a reference sample from the specimen itself as the pancake will be used
for further experiments. In this case a reference value was calculated on the basis of mechan-
ical equilibrium assuming the axial stresses to vanish. Thi s assumption is valid in case of
thin plate-like components of constant thickness with a the rmo-mechanical treatment which
is symmetrical to the mid-plane of the disc and homogenous an d isotropic with respect to the
in-plane coordinates [3]. Mechanical equilibrium then yiel ds that the stress in thickness di-
rection is zero. Taking this into account it could be shown th at the calculated reference value
varies across the thickness of the pancake as shown in �gure 6.12 [1]. This stems from inhomo-
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geneities in the microstructure caused by the manufacturin g process (forging and quenching).
The temperature of regions near the surface decreases faster than the interior of the pancake
during the quenching. This leads in addition to strain gradi ents to changes in the chemical
composition of the matrix over the thickness of the pancake. Therefore, each measuring point
necessitates its own reference value to obtain the true macroscopic stress. Figure 6.13 shows
the resulting stress distribution through the thickness of the pancake. The residual stresses
derived from the experiment show good quantitative agreeme nt with the predictions of a
simple semi-analytical thermo-mechanical model based on t he work of Landau et al. [4] elu-
cidating the transient thermal stresses during quenching. For a detailed understanding of the
relations between stresses (macroscopic and microscopic stresses as well) and microstructural
parameters further experiments (e.g. tensile tests, relaxation tests) are planned within a DFG
founded project (PE-580/7-1).

[1] J. Repper and M. Hofmann and C. Krempaszky and W. Petry and E. Werner. Mat. Sci. Forum,
(accepted 2007).

[2] M. Hofmann and J. Rebelo Kornmeier and U. Garbe and R.C. Wi mpory and J. Repper and
G.A. Seidl and H.G. Brokmeier and R. Schneider. Neutron News 18 (4), 27-30 (2007).

[3] C. Krempaszky and E. Werner and M. Stockinger. Proceedings of the Sixth International Special
Emphasis Symposium on Superalloys 718, 625, 706 and Derivatives, 527 (2005).

[4] H.G. Landau and J.H. Weiner and E.E. Zwicky. J. Appl. Mech ., 27, 297-302 (1960).

6.9 Manufacturing of monolithic U-Mo test fuel plates by cat hode erosion

W. Schmid, Ch. Bogenberger, R. Hengstler, R. Jungwirth, W. Petry, P. Boeni1, L.
Beck2, A. Breitner2, H. Welzenbach2

1 Physik Department E21
2 Maier-Leibnitz-Laboratorium (MLL)

Over the next years many research reactors worldwide which c urrently use Highly Enriched
Uranium (HEU) are supposed to be converted to Low Enriched Ur anium (LEU). Monolithic
LEU U-Mo fuel has become the most promising fuel material to co nvert several of these re-
search reactors [1]. Unfortunately it was not possible so far to produce full size fuel plates
from monolithic U-Mo, because the materials' dif�cult mechan ical properties let all common
processing techniques fail[2].
A new approach to this problem is the use of the cathode erosio n or sputtering technique.
Sputtering is a commonly used process to grow metal layers of micrometer or sub-micrometer
thickness on different substrates, whereat the deposited layers provide excellent substrate ad-
hesion and high density [3]. We want to use this technique in a �rst step to grow a massive full
size meat layer of U-Mo. In a second step sputtering is used to surround this meat layer with
several ten micrometers of Al as pre-cladding. The resultin g U-Mo Al sandwich structure
could then be further processed by common and less extensive welding, rolling or pressing
techniques to �nalize the Al cladding and thus to produce a ful l size fuel plate.
For this purpose a DC magnetron sputtering setup was built up (see �g. 6.14). The dimen-
sions of the apparatus were chosen to enable production of structures with 700 x 65 mm in
size, which corresponds to the size requirements of the curr ently used FRM 2 fuel plates.
A 15 kW self-adjusting plasma power supply provides up to 800 V and 30 A to feed the
glow discharge. The magnetron racetrack consists of more than 300 magnets with a surface
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Figure 6.14: Scheme of the used DC magnetron sputtering setup

magnetic �eld of 1.43 T. The basic pressure in the setup is 5e-6 mbar, the argon working
pressure during the sputtering process can be regulated by a �ow controller to typical 5e-3 to
1e-1 mbar.
Substrate carrier and sputtering target are water cooled and temperature monitored. The
whole process volume is further surrounded by an aluminum sh ield to prevent a coating of
the vacuum vessel.
In preliminary tests the deposition of different metals (Cu , Al, Zn) and alloys (brass, stainless
steel) for process pressures between 1e-3 and 1 mbar was studied. Achieveable plasma
current and deposition rate was determined for each materia l in the given pressure range.
The temperature evolution of target, substrate, shield, ma gnets and cooling water was
monitored. In the result we gained an operational range for e ach of the parameters, which is
now our guidline for further deposition experiments.
Based on this effort the second step was the deposition of very thick mono- and multilayers
of size 700 x 65 mm to examine the general feasibility of depositing metal foils and blank
sheets. We were able to produce Cu monolayers (blank sheets)of 1300 micrometers thickness
and multilayer structures of 200 micrometer thick Cu (foils ) surrounded by 20 micrometers
of Al(6.15). The Cu layers were stable and comparable to standard industrial foils and blank
sheets. The Al cladding showed a good adhesion to the Cu layer.

The third step will be the fabrication of multilayer structu res from U-Mo and AlFeNi.

Figure 6.15:
(a) Sputtered blank sheet from Cu, 1300� m thick, size 700 x 65 mm.(b) Microscopy im-
age of a cross section of the mulilayer structure from �gure c . The inner Cu layer has a
thickness of 200� m, the Al cladding has on one side 15� m thickness, on the other side
25� m.(c)Sputtered multilayer foil from Cu with Al cladding, si ze 700 x 65 mm.
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Targets of each of these materials were obtained in the fourth quarter of 2007. The sputtering
setup was installed inside a glovebox and is right now prepar ed for the use of U-Mo. We
expect the �rst U-Mo deposition tests to begin in April 2008.

[1] A. Travelli, Status and Progress of the RERTR Program in the year 2004, RERTR Vienna (2004)

[2] C. R. Clark, Monolithic fuel plate developement, RERTR Chicago (2003)

[3] H. Frey, G. Kienel, Duennschichttechnologie, VDI Verla g (1987)
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7 Outreach

7.1 Electronic repository of student's problems

J. Wiedersich

E13 has a large archive of physics problems for students: previous tutorial sheets ( Übungen)
and exams. That archive is in the form of paper folders and the refore cumbersome to use
in the age of the computer. As a result, the archive contains m any problems from the 1980s,
fewer from the 1990s and almost none from the present millenn ium. The author could not
even �nd last year's problems in the archive, although copies of the sheets and the solutions
(Musterlösung) were available from last year's staff priva tely. On reusing a problem from
last year, however, it turned out that the digital source of t he �gures is no longer available.
Since problem sheets are nowadays no longer produced on a photo copying machine, but
are distributed as pdf �les, in practice this means that the di gital format of the �gures has to
be recreated from scratch. To avoid these kinds of burdensome extra work, a state of the art
digital archive of student's problems has been implemented .
The use of this collection of student's problems is straight forward and involves practically no
extra work as compared the creation of student's problem she ets without the use of the central
repository of problems. On the other hand, the effort is dram atically reduced for anyone who
would like to reuse or modify an existing tutorial including its solution.
In a similar manner to E13's annual report, each problem cons ists of a single LATEX �le with a
few handy custom commands to facilliate the creation, chang ing and reuse of physics prob-
lems. It is best to give a short demonstration of how a problem looks both in full code and
printed:

\begin{aufgabe}{Frauenkirche}
Wir lassen einen Stein von einem der T ürme der Frauenkirche fallen.
Nach $\tau=4{,}3\,\mathrm{s}$ schl ägt er unten auf.
Berechnen Sie die Endgeschwindigkeit $v_{\mathrm{end}}$ ,
die mittlere Geschwindigkeit $v_{\mathrm{mit}}$ und die F allh öhe $h$.

\lsg{%
$$x(t) = x_0 + v_0 \cdot t + \frac{1}{2} \, a\,tˆ2;
\qquad v(t) = \frac{\ud x(t)}{\ud t} = v_0 + a\,t;
\qquad a(t) = \frac{\ud v(t)}{\ud t} = a = \mathrm{const} $$
$x_0 = 0\EH{m}; \qquad v_0 = 0\EH{m/s}; \qquad a=g$

($x$-Achse zum Boden!)
$$h = x(t=\tau) = \frac{1}{2}\, a \tauˆ2

= 0,5\cdot 9,81\EH{m/sˆ2} \cdot (4,3\EH{s})ˆ2 = 91\EH{m}$ $
$$v\sub{end} = v(t=\tau) = a\cdot \tau

= 9,81\EH{m/sˆ2} \cdot 4,3\EH{s}= 42\EH{m/s}$$
Vorlesung:
$$v\sub{mit} = \frac{x(t_2) -x(t_1)}{t_2 - t_2}
= \frac{x(\tau) - x(0\EH{s})}{\tau - 0\EH{s}}
= \frac{91\EH{m}}{4,3\EH{s}} = 21\EH{m/s}$$
}
\end{aufgabe}

The code is standard LATEX code with the additional environment aufgabe , that begins
and names a problem and the additional command \lsg that adds the solution to the
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Physikdepartment E13 WS 2007/08

Übungen zu Experimentalphysik 1 für MW

Prof. Dr. Peter Müller-Buschbaum, Dr. Johannes Wiedersich,
Alexander Diethert, Oliver Meisenberg, Jan Perlich, Andreas Meier-Koll
Vorlesung 26.10.2007, Übungswoche 29.10.–02.11.2007 Blatt 2

1. Frauenkirche
Wir lassen einen Stein von einem der Türme der Frauenkirche fallen. Nach t = 4,3 s schlägt er
unten auf. Berechnen Sie die Endgeschwindigkeit vend, die mittlere Geschwindigkeit vmit und die
Fallhöhe h.

x(t) = x0 + v0 � t +
1
2

a t2; v(t) =
dx(t)

dt
= v0 + a t; a(t) =

dv(t)
dt

= a = const

x0 = 0 m; v0 = 0 m/s; a = g (x-Achse zum Boden!)

h = x(t = t ) =
1
2

at 2 = 0,5� 9,81 m/s2 � (4,3 s)2 = 91 m

vend = v(t = t ) = a � t = 9,81 m/s2 � 4,3 s= 42 m/s

Vorlesung:

vmit =
x(t2) � x(t1)

t2 � t2
=

x(t ) � x(0 s)
t � 0 s

=
91 m
4,3 s

= 21 m/s

Figure 7.1:
Short example of a problem sheet for students with one simple problem. The solution is
typset indented with italics and is of course not part of the p ublished problem sheet given
to students.

“Musterlösung”, but of course not to the student's problem s heet. The code for the solution
at �rst glance looks a bit involved, but it is the nature of a phy sics problem, that the solution
contains a lot of mathematical formulas. It is also possible to include the solution in form of a
scanned hand written sheet.
Only a single letter of the document has to be changed in order to either give the prob-
lems without solutions, give the problems with full solutio n or to only include a short so-
lution. There are a few additional commands to `automagical ly' include �gures and to struc-
ture problems into parts (Unteraufgaben a, b, etc.). Problems are sorted in subfolders like
`Mechanik', `Elektrodynamik', `Thermodynamik', `Optik', etc. to facilliate later access. Of
course the repository is also searchable and contains an index with all titles of problems. The
archive is fully version controlled, i. e. all changes to exi sting problems (for example modi�-
cations for exams) are tracked and can be easily visualised or reverted.
The full archive of currently 880 problems together with the complete documentation is avail-
able on pluto: /plutodaten/Aufgabenpool
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7.2 Report of the women's representative of the Physics Depa rtment

C. M. Papadakis

In 2007, it was again time for drawing the balance of the equal opportunities situation at
the Physics Department. A committee including the women's r epresentatives of the Physics
Department together with female and male profesors, scient ists and students took a close look
at the situation at the student, the scientist and the profes sor level and suggested measures to
increase the fraction of women at all levels.
It was found that the fraction of female students has stayed c onstant at 13 % over the last
years. This number is signi�cantly lower than at other German physics faculties, also includ-
ing other technical universities. The reasons are not known and are dif�cult to investigate.
The challenge is thus to attract more female high-school students to study at the Physics De-
partment. In addition to many existing acitivities for girl s at TU München (Girls' Day, Herbst-
universität, Mädchen machen Technik, mentorING Program m, Science Career Program), the
committee suggests to offer an annual day for girls interest ed in studying physics, and to
make sure that female students and scientists will be more vi sible during public activities of
the Physics Department.
Among the Ph.D. candidates, the percentage of women has signi�cantly increased and is now
19-20 %. No women has taken a habilitation in the last two year s, however, at the moment,
three women are working on their habilitation or have group l eader positions in the Physics
Department. This is a very positive development!
The committee also found that still, only very few women at th e Phyiscs Department have
a permanent position. The change of generations should be used in order to increase the
fraction of women at this level. The Department has already c reated and �lled a position for
a young female scientist who wishes to build up a research gro up. Moreover, in 2008, young
female scientists may apply for a similar position which was created in the framework of the
Gender Issue Incentive Fund of TU München. Other activitie s are planned, such as a survey
among female Ph.D. students about their career plans and close collaboration with the new
family service of TU München.
At the professor level, a female associate professor has just been appointed, i.e. there are
now three female associate professors at the Physics Department. However, there is no fe-
male chair holder. The committee suggests to include more wo men as referees for �nding
committees.
To conclude, the situation at the Physics Department has imp roved over the last years, e.g.
at the level of Ph.D. students. However, especially at the student and the professor level, the
percentages of women should be increased. Women at the Department should be made more
visible and should participate at all levels.

[1] C.M. Papadakis, M. Göger-Neff, C. Scharnagl, K. Krischer, C. P�eiderer, M. Ratz, T.M.
Undagoitia, B. Englert, S. Kossler, 4. Gleichstellungsplan des Physikdepartments, Sept. 2007
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8 Teaching and conferences

8.1 Lectures, seminars and lab courses

Spring semester 2007

Prof. Dr. Peter Müller-Buschbaum, Angewandte Physik: Polymerphysik 2
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 Pap adakis, Seminar über spezielle
Probleme der weichen Materie
Prof. Dr. Christine Papadakis, Angewandte Physik: Experimentalphysik 2 für LB(EI/BT/MT)
PD Dr. Wolfgang Doster, Experimentalphysik 2 für LB
Prof. Dr. Walter Schirmacher, Theory of liquids and polymers II

Fall semester 2007/2008

Prof. Dr. Peter Müller-Buschbaum, Angewandte Physik: Polymerphysik 1
Prof. Dr. Peter Müller-Buschbaum, Experimentalphysik 1 für Maschinenwesen
Prof. Dr. Peter Müller-Buschbaum, Seminar über Struktur und Dynamik kondensierter Materie
Prof. Dr. Peter Müller-Buschbaum, Prof. Dr. Christine Pap adakis, Seminar über spezielle
Probleme der weichen Materie
Prof. Dr. Christine Papadakis, Experimentalphysik 1 für LB(EI/BT/MT)
PD Dr. Wolfgang Doster, Experimentalphysik 1 für LB
Prof. Dr. Walter Schirmacher, Field-theoretical methods in the theory of disordered solids

Lab courses 2007

Statische und dynamische Lichtstreuung(Biophysikalisches Praktikum)
Theoretische und praktische Einführung in AFM(Fortgeschrittenenpraktikum)
Thermische Analyse(Fortgeschrittenenpraktikum)
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8.2 Conferences

RLFB-Tagung sprogramm 

31. Edgar-L� scher- Phys ikseminar am Gymna sium  Zwiesel

Thema:  Geophysi k und Katast rophen

Freitag, 23. M� rz bis  Sonn tag, 25. M� rz 2007

Veranstalter:   Der Ministerialbeauftragte f� r die Gymnasien in Niederbayern,
 Ltd. OStD Klaus Drauschke

Wissenschaft liche Leitung :   Prof. Dr. Walter Schirmacher, TU M� nchen, 
Prof. Dr. Donald Dingwell, Dr. Kai-Uwe Hess, Universit� t M� nchen

Org. am Gymnasium Zwiesel: OStD G� nther Kratzer, OStR G� nther Haller, OStR Wolfgang Achatz 

Frei tag, 23. M� rz  2007
15.30 ± 16.00 Begr� ûung, Organisatorisches MB Drauschke, OStD Kratzer, OStR Haller
16.00 ± 17.15 Einf� hrung: Plattentektonik ,Vulkanis-

mus und Erdbeben
Dr. Birger L� hr,

Geoforschungszentrum Potsdam
17.15 ± 17.45 Diskussion und Kaffeepause  
17.45 ± 19.00 Explosiver Vulkanismus Prof. Dr. Donald Dingwell, Dr. Kai-Uwe Hess

Universit� t M� nchen
19.00 ± 19.15 Diskussion

Samstag, 24. M� rz  2007
9.00 ± 10.15 Naturgefahr Tsunami Dr. Birger L� hr,

Geoforschungszentrum Potsdam
10.15 ± 11.00 Diskussion und Kaffeepause  
11.00 ± 12.15 Seismologische � berwachung

aktiver Vulkane
Dr. Joachim Wassermann

Universit� t M� nchen
12.15 ± 12.30 Diskussion
15.00 ± 16.15 Risiken durch Katastrophen Dipl.-Geophys. Ernst Rauch

M� nchner R� ck
16.15 ± 17.00 Diskussion und Kaffeepause  
17.00 ± 18.15 Bergst� rze in den Alpen Prof. Dr. Ludwig Masch,

Universit� t M� nchen
   18.15 ± 18.30   Diskussion

Sonnt ag, 25. M� rz  2007
9.00 ± 10.15 Extremes Wetter Dr. Gregor Leckebusch, FU Berlin

10.15 ± 11.00 Diskussion und Kaffeepause  
11.00 ± 12.15 Satellitenbeobachtung von Wald-

br� nden
Dr. Eckehard Lorenz, DLR Berlin

12.15 ± 13.00 Diskussion; Neues Thema  

Der Minister ialbeauft ragte f� r die  Gymnasien in  Niederbayern  und das Gymnasium Zwiesel
danken f� r  finanzi elle Unterst � tzung  durch:

Bayer isches Staatsm inis terium f� r Unterric ht  und  Kul tus, Technische  Univers it� t M� nchen,   Stad t
Zwiesel, Zwiesel Kris tallglas AG
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DPG Jahrestagung und DPG Frühjahrstagung des AKF

Regensburg, 26. - 30. März 2007

Symposium
Bioinspired Materials (SYBM)
Organisation:
Prof. Dr. Eduard Arzt, MPI für Metallforschung Stuttgart,
Prof. Dr. Peter Fratzl, MPI Potsdam,
Prof. Dr. Peter Müller-Buschbaum, Technische Universit ät München,

Special Symposium “Bio-inspired Materials” in Regensburg / Germany at the 29th March
2007 in the framework of the spring meeting of the Division Co ndensed Matter of the
Deutsche Physikalische Gesellschaft (DPG). The symposiumis jointly held by the section Bio-
logical Physics (AKB) and by the divisions Chemical and Polym er Physics (CPP), Thin Films
(DS), Dynamics and Statistical Physics (DY), Metal- and Material Physics (MM) and Surface
Physics (O).
Nature provides a wide source of inspiration for chemists, p hysicists and engineers to create
highly sophisticated functional materials. Many natural ma terials with complex, often hierar-
chical structure provide an unequalled level of adaptivity , multifunctionality, and mechanical
performance. Biomimetic materials research provides a uni que opportunity for physicists
in a rapidly expanding �eld between the worlds of biology, phy sics and materials science. It
starts by elucidating the physical origins of the outstandi ng functionality of biological materi-
als, and aims at designing improved or even radically new mat erials based on the knowledge
of natural systems. Bio-inspired materials will have an imp act on various �elds, from engi-
neering to functional materials, as well as regenerative me dicine. This symposium addresses
students, experienced researchers and senior scientists working in the �eld of and exploiting
the potentials of bio-inspired materials. Aim of the sympos ium is to present the state of the
art in this class of materials, to highlight new experimenta l and theoretical developments and
to allow for discussions among experts about latest trends and ideas. Invited talks will pro-
vide an overview of dedicated topics of bio-inspired materi als. In special contributed lectures
each topic will be deepened and illustrated by additional ex amples. A large poster session
concludes the symposium.
The symposium language is English.

Invited speakers (con�rmed):
A. P. Tomsia (Lawrence Berkeley National Laboratory, USA)
Boaz Pokroy (Technion Israel Institute of Technology, Haif a, Israel)
Ulrich Wiesner (Cornell University, Ithaca, USA)
Ullrich Steiner (University of Cambridge, GB)
Bharat Bhushan (Ohio State University, USA

Dates: 29th March 2007 Location: University Regensburg (Germany)

Additional info: http://regensburg07.dpg-tagungen.de/index.html?lang =en&
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Symp osium Bi oinspired M at er ials (SY BM ) Ov ervi ew

Symposium Bioinspired Mater ials (SYB M)
jointly organized by

Section Metal and Material s Physics (MM),
Section Biological Physics (BP),

Section Chemical and Polymer Physics (CPP),
Section Thi n Layers (DS), and

Section Dynamics and Statistical Physics (DY)

Eduard Arzt
Max-Planck-Institu t f•ur

Metallf orschung
Heisenbergstr . 3
70569Stuttgart
arzt@mf.mpg.de

Peter M•uller-Buschbaum
Technische Universit•at M•unchen

Physik Department E13
85747Garching

muellerb@ph.tum.de

Peter Fratzl Department f•ur
Biomaterialien MPI f•ur Kolloid -
und Grenz
 •achenforschung Am

M•uhlenberg 14476Potsdam
peter.fratzl@mpikg-golm.mpg.de

Nature provides a wide source of inspiration for chemists, physicists and engineers to create highly
sophisti cated functional materials. Many natural materials with complex, often hierarchical str uc-
ture provide an unequalled level of adaptiv it y, multif uncti onality, and mechanical performance.
Biomimetic materials research provides a unique opportunit y for physicists in a rapidly expand-
ing �eld between the worlds of biology, physics and materials science. It starts by elucidating the
physical origins of the outstanding functi onality of biological materials, and aims at designing im-
proved or even radically new materials based on the knowledge of natural systems. Bioinspired
materials wil l have an impact on various �elds, from engineering to functional materials, as well as
regenerative medicine.

Overview of Invited Talks and Sessions
(lecture room H1)

Invited Talks

SYBM 1.1 Thu 9:30{10:00 H1 Using Ice to Mimi c Nacre: Fr om Str uct ural Material s t o Arti�ci al Bone
| � A. P. To msia, S. Devil le, E. Saiz

SYBM 1.2 Thu 10:00{10:30 H1 On the structur e of biogenic CaCO 3 | � B. Po kr oy
SYBM 1.3 Thu 10:30{11:00 H1 Bio- Ins pi r ed Hybrid Material s fro m Bl ock Copolymer Assemblies and

Nanopar ti cle Co-assembli es | � U. Wies ner
SYBM 1.4 Thu 11:15{11:45 H1 Bio- Ins pi r ed Organic- inor gani c Hybr id Materials | � U. Steiner
SYBM 1.5 Thu 11:45{12:15 H1 Structur al , Nanomec hani cal, and Nanotrib ologi cal Char acter izati on of

Human Hair U sing A tomic Force M icr oscopy and Nanoi nd ent ation |
� Bhar at Bhu shan

Sessions

SYBM 1.1{1.5 Thu 9:30{12:15 H1 Symp osium Bi oinspired M at er ials

Continuation with contri buted tall ks in FV MM, session MM35, lecture hall H16 on Thursday 14:45-
19:00. Poster session from 19:00 in front of lecture hall H16.
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Symp osium Bi oinspired M at er ials (SY BM ) Th urs day

SYBM 1: Symposium Bioinspired Materials

Time: Thursday 9:30{12:15 Location: H1

In v ited Talk SYBM 1.1 Thu 9:30 H1
Using Ice to Mimi c N acr e: Fr om Str uctural Ma teri al s t o Ar-
ti � cia l Bon e | � A. P. Tom sia, S. Dev ill e, and E. Saiz | Lawrence
Berkeley Nat ional Laborato ry, Berkeley, CA 94720, USA

Despite extensive e�orts in th e development of fabrica tion methods
to prepare porous ceramic sca�old s for osseous ti ssueregenerat ion, all
porous materia ls have a fund amental li mita tion - th e inh erent lack of
strength associat ed wi th porosit y. Shells (nacre), to oth and bone are
frequently used as examples for how natur e achieves strong and tough
materia ls made out of weak components. So, th e unresolved engineer-
ing dilemma is how to create a sca�old tha t is both porous and strong.
Th e objectiv e of th is study was to mimic the archi tectu re of nat ural
materia ls in order to create a new generation of strong hydroxyapat ite-
based porous sca�olds. Th e porous inor ganic sca�o lds were fabrica ted
by the controlle d freezing of water-based hydroxyapat ite (HA) slurries.
Th e sca�old s obta ined by this process have an ordered and homoge-
neous lamellar architec ture th at exhibits stri king similarit ies wit h the
meso- and micro - struc ture of the inorganic component of nacre. Com-
pressive strengths of 20 to 60 MP a were measured for lamellar sca�olds
wi th densities of 32 to 45%, signi�c antly bett er th an for th e HA with
random porosity. In addition , t he lamellar mater ials exhib it gradual
fractu re unlik e conventio nal porous HA sca�old s. Th ese biomim etic
sca� olds could be the basis for a new generatio n of porous and com-
posite biomat erials.

Support is provided by th e Nati onal Institu te of Health under grant
number NIH/NI DCR 1R01 DE11289 and 1 R01 DE015633-01

In v ited Talk SYBM 1.2 Thu 10:00 H1
On the struct u r e of bio genic CaCO 3 | � B. Po kr oy | Depart-
ment of Materia ls Engin eering, Technion Israel Institut e of Technology,
Techni on Cit y, Haifa 32000 (Israel )

Organisms produce a large number of min erals in the course of biom in-
eralizat ion. These biogenic minerals have been extensively stud ied
because of t heir fascinating mechanical , opt ical and magnetic char-
acteristi cs and th eir capabili ty to e�ect ively contr ol the polymorph
selectio n and crystal morp hology. Calcium carbonate, CaCO3 , is by
far t he most abundant biogenic min eral and it exists in di� erent struc-
tu ral forms (li sted in the order of descending thermodynamic stabilit y
at norm al condition s): calci te, aragonite, vaterite and amorphous cal-
cium carbonate.

By perform ing accurate stru ctura l measurements by high-resolutio n
x-ray powder di�ra ction on a synchrotro n beam line the unit cell pa-
rameters of biogenic CaCO3 crysta ls were found to be slight ly dis-
tor ted as compared to th at of their geological counterp arts. Moreover,
neutron di � ractio n revealed that th e atomi c bonds of these biogenic
crysta ls are also dist orted .

I wil l show tha t th ese struc tural dist inct ions are caused by intra -
crysta lline organic molecules.

Th esesresults imply th at organisms can contro l biogenic cryst als on
th e nm scale.

In v ited Talk SYBM 1.3 Thu 10:30 H1
Bi o-In spir ed Hyb ri d Ma ter ial s fr om Bl ock Co p oly mer As-
sem blies and Nanop arti cle Co-as sem bl ies | � U. Wiesner |
Departm ent of Mat erials Science & Engineering, Cornell Uni versity,
Ithac a, NY 14853-1501, USA

Th e study of bio-i nspir ed block copolym er based self -assembly
(b ott om-up) approaches to mult ifuncti onal polymer-inorganic hybrid
materia ls is an exciti ng emerging research area interfac ing solid state
and soft material s and o�e ring enormous scient i�c and technological
promise. By choice of t he approp riate syntheti c polym er blocks as
well as nanopart icles unprecedented morphol ogy control down to the

nanoscale is obta ined. Tailori ng of t he polym er-inorganic inte rface is
of key importa nce. The struct ures generated on the nanoscale are a
result of a �ne balance of competin g interactions, a typica l feature
of complex biological systems. Th e potential for new multi functio nal
materia ls li es in th e versatil it y of the polymer chemistry as well as
tha t of t he inorgani c chemistry that can be exploit ed in the materials
synthesis. In th e present cont ribut ion the synthesis and characteriza-
tio n of nanostructu ed hybrid material s will be presented with poten-
tia l appl icati ons ranging from micro electronics to nanobiot echnology.
In all casescooperat ive self-assembly of organic and inorganic species
is ind uced by amphip hilic macromolecules, eithe r block copolymers or
extended amphiph ilic dendrons, which are blocked species with one
block being highly branched. Besides amorphous and cry stallin e ox-
ide materi als novel systems toward high temperature SiCN and SiC
stru cture s are intro duced.

15 min break

In v ited Talk SYBM 1.4 Thu 11:15 H1
Bi o-In spire d Organic- ino rganic Hyb r id Mat eri als | � U.
Stein er | Univ ersity of Cambridge, Department of Physics,
Cavendish Laborato ry, Mad ingl ey Road, Cambr idge CB3 0HE (UK )

Pat tern format ion in physics and chemistry is a consequence of non-
lin ear processes,which are of fund amenta l interest. Recent ly, pat tern
forma tion by self -assembly or by instabilitie s in li quids were also em-
ployed in soft-lit hographic methods. Pattern s occurring in living or-
ganisms, on th e other hand are formed under sti ck biol ogical control
and serve a speci�c pur pose for the organism. Since the relation ship
between the pattern and its functi on was optim ised by evoluti on, pat-
tern s occurring in nature are an interest ing repository for physical
e�ect s that can be achieved by controll ing physico-chemical pat tern
forma tion processes.

My presentation wi ll discuss three examples of this biomim etic ap-
proach: (i) optic al e�ec ts in stru ctur ed �lm s (anti- re
ec tion and struc-
tur al colours), (ii) stru ctur ed super-hydrop hobic surfaces, and (iii)
stru cture d bio-mimet ic minerals.

In v ited Talk SYBM 1.5 Thu 11:45 H1
Struct u ra l, Nanom echanica l, and N ano tr ib olog ical Ch ara c-
ter iza ti on of Hu ma n Ha ir Using A tomic Force Micr oscopy
and N anoind enta ti on | � Bha ra t Bhush an | T he Ohio State
Univ ersity, Columbus, Ohio 43210 USA

Main ta ining the health, feel, shine, color, softness, and overall aesthet-
ics of th e hair is highly desired. Hair care products such as sham-
poos and condi tione rs, along wi th damaging processes such as chem-
ical dyeing and permanent wave treatments, a�ec t th e maintenance
and grooming process and are imp ort ant to study because th ey al-
ter many hair properties. Nanoscale characteriz ation of the cellular
stru cture , mechanical properties, and morphological, frict ional, and
adhesive prop ert ies of hair are essenti al to evaluate and develop better
cosmeti c products, and to advance the understanding of biological and
cosmeti c science. Ano ther property of inte rest is surface charge of hair
which has a signi�can t e� ect on manageabilit y, feel, and appearance.
Cont rollin g charge buil dup to improve these factors is an imp ortan t
issue in the commercial hair care indu stry . The atomic/ fri ction force
microscope (AFM/FFM) and nanoindenter have recently become im-
porta nt to ols for studying the micro/n anoscale properties of human
hair. In thi s tal k, we present a comprehensive review of structu ral,
mechanical, and t rib ological properties of various hair and skin as a
funct ion of ethn icit y, damage, conditi oning t reatm ent, and various en-
viron ments.
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MM 35: SYBM Bioinspired Materials

Time: Thursday 14:45{20:45 Location: H16

MM 35.1 Thu 14:45 H16
Re
ec tion of wat er jet s on bio logic al and b io-in sp ir ed
arti�ci al surf aces | � Mich ael Scha rnber g1 , Vla dimir
Zapor ojtch enk o1 , Rai ner Adelu ng 1 , Srd ja n Milenk ovi c2 , and
Achim Wal t er Hassel 2 | 1Chair for Mu ltico mponent Materia ls,
Techni cal Facult y, Univ ersit y of K iel, Germany | 2Electro chemistry
and Corrosion, Max-Planc k-Insti tut f•ur Eisenforschung, D•usseldorf ,
Germany

Water jets impin ging on a nasturtiu m leaf, a biological ultrah ydrop ho-
bic surface (l otus e� ect), were observed to 
o w across th e surface for
a dist ance in the order of several jet diameters before it is re
ec ted
o� the surface as a coherent jet under an angle th at is close to or
smaller th an the angle of incidence. Design and technical appl ica-
tio ns of ul trah ydrop hobic surface require understand ing of t he physical
processesinvolved, however biological surfaces often have defects and
irre gularities li ke leaf veins tha t imp ede experiments. A ds-NiAl-W
alloy, microst ructu red by etchin g and coated with a sputt ered polyte-
tra 
uoro ethylene (PT FE) thin �lm is also ul trah ydrop hobic (contact
angle > 160� ). Due to the regular microstruct ure of its surface th at
can also be easily varied by controll ing the needle length, t his ultra hy-
drophobic materia l system is well suited for investigation of th e water
jet re
 ection phenomenon. In this presentat ion th e in
 uence of the
microstr uctu re, the water pressure and the angle of inci dence will be
discussed.

MM 35.2 Thu 15:00 H16
En hance m ent of capill ary forc es by m ul tiple l iq uid br idg es
| � Emerson Jo se De Souza1 , Camil la Mohrd ieck 2 , Mar tin
Brin kmann3 , and Edua rd Arz t 4 | 1Max Planck Instit ute for Metals
Research, Heisenbergstr, 3, Stut tgart , Germany | 2 Instit ute of Phys-
ical Met allurg y, Univ ersit•at Stuttga rt, Stut tgart , Germany | 3Max
Planck Institu te for Dyna mics and Self-Org anisation , G•o tting en, Ger-
many | 4Max Planck Institu te for Meta ls Research, Heisenbergstr, 3,
Stuttga rt, Germany

Capilla ry forces can signi� cantly increase th e adhesion of micro-scale
objects in biology and technology. We calcula te numerically the force
exerted by a li quid meniscus between two homogeneous 
 at plat es for
di�er ent contact angles. The result ing force dist ance curves show good
quantit ativ e agreement wi th previo us investigations. On this basis, we
set an init ial separation and split t he volume of one brid ge into n
smaller ones. T he results for the total force as a functi on of n show a
novel and unexpected maximum force for moderatel y hydro phili c sur-
faces(i.e. contact anglesaround 70 degrees). Furt her, we calculat e the
minim um area for multip le brid ges, the stress(i.e. force per area) and
th e work required to separate th e plates. T he result s are presented in
two dim ensional maps, which may be very useful in t he understanding
and design of biol ogical and art i�cia l contact systems.

MM 35.3 Thu 15:15 H16
Ba ct eria l S-l ayers used as b io-temp lat es for t he regu la r ar-
ra ngemen t of nano part ic les | � Ute Queitsch 1 , Elia s Mohn 1 ,
Franz isk a Sch•aff el 1 , Lu dwig Schul tz 1 , Bernd Rell ingh aus1 ,
Anj a Bl •uher 2 , and Mich ael Me r tig 2 | 1 IFW Dr esden, P.O. Box
270116, D-01171 Dresden, Germany | 2Max Bergmann Center for
Mate rials Research, T U Dresden, D-01069 Dresden, Germany

Owing to the statisti cal nature of the depositi on process nanopart icles
from the gas phase are usually randomly distribu ted on the substr ate.
For many appl icati ons however, a regular arrang ement of the parti-
cles is mandatory . We have therefore investigated to which degree
th e use of so-called S-layers { regular prot ein crysta ls wit h di�eren t
2-dimensional latt ice symmetries { a llows to compensate for th is dis-
advantage. S-layers of bacil lus sphaericus NCTC 9602 wi th p4 sym-
metry and a square lattice of pores with a lattic e constant of 12.5 nm
are usedas bio-templat esfor th e deposition of gas-phase prepared FePt
nanoparticle s. Sheets of theseS-layers were deposited onto amorphous
carb on �l ms, which were th en exposed to a beam of FePt nanopar-
tic les under high vacuum condi tion s. Structu ral characterizat ion of
lik ewise prepared particl e �l ms is carried out by tran smission electron
microscopy (TEM). We �nd that th e stru ctu re of t he S-layers remains
unalter ed upon partic le depositi on. Furthe rmore, a symmetry transfer
from the bio-t emplate to th e arrangement of the deposited particl es is
clearly observed. Statistic al analysis of th e TEM micrographs reveals

tha t th e majorit y of t he particl es are located wi thin or in the close
vicin it y of t he pores of th e bio-template.

MM 35.4 Thu 15:30 H16
In vers io n of m icro-pat ter ned p olymer surfa ces bas ed on bi-
comp on ent p oly elec trolyte layers | � All a Synytska 1 , Man -
fred St amm1 , Stef an Diez 2 , and Leonid Io nov2 | 1Leibn iz Insti-
tut e of Polymer Research Dresden, 01069 Dresden, Hohe Strasse 6,
Germany | 2Max-Planc k-Insti tute of Molecular Cell Biolog y and Ge-
netics, Pfotenhauerstrasse108, 01307 Dresden, Germany

Micro patt erned surfaces are of considerable imp ortanc e for micro-
electron ics,prin ting technology, micro
 uidi c and microanalitic al de-
vices,inform ation storage, biosensors, etc. However, once a pat tern
is generated it cannot be easily changed on the 
 y. T herefore, it is de-
sirable to develop metho ds for fabrica tion of stru cture d surfaces with
switchable and rewritab le pattern s.

In th e present study, we report on the fabrication of micr opat terned
surfaces whi ch allow the switc hin g of t opography, wett abili ty, and
charge in an inverse manner. T he concept of these stim ul i-responsive
surfaces, which are made by a combination of phot olith ography, lifto �
and graftin g to techniques, is based on th e site-selectiv e grafting of
two oppositely charged polyelectrolytes. Depending on the pH of the
surrounding one kind of t he polymer chains is swollen (charged and
hydroph ilic) whil e the other is collapsed (uncharged and hydrop ho-
bic). The main advantage of such surfaces is their capabil it y of inverse
switching , for example hydroph ilic pat terns can be reversibly converted
into hydro phobic ones and vice versa, via extern al stimuli.

15 min break

MM 35.5 Thu 16:00 H16
Struct u re and d ynamic s of biolo gic al ma teri als | � Mar tin
M •ul ler | Inst itut f•ur Experimentell e und Angewandt e Physik,
Christia n{Albr echts{Univ ersit•at zu Kiel

Almo st all biol ogical materials are hierarchically struct ured on many
di�er ent length scales. On a mesoscopic level, usually a composite
morpho logy wi th nanocrystall ine regions embedded in a soft er, dis-
ordered matrix is found. The matrix is accessible to water, and the
water content is of major in
 uence on th e mechanical prop ert ies of
biomat erials.

We investigate stru ctura l changes of biomaterials (cellulo se �bre s,
wood and particu larly silkw orm silk) under mechanical l oad in in situ
X{ra y scatt ering experimen ts with microb eam synchrotron radiat ion.
A novel sample enviro nment allows us to systemati cally vary the wa-
ter content of t he samples. The soft , water{acc essible mat rix plays
an imp ortant role in the microscopic model we obtain for deformat ion
mechanisms in dry and wet biomater ials [1].

Th e combination of t he X{ ray result s with those from the comple-
mentary techni que of inelastic neutron scatt ering allowed us to develop
a deeper understan ding of th e interplay of cry stallin e and disordered
regions in silkworm silk [2].

[1] I . Grotk opp, PhD thesis, Kie l, 2006.
[2] T . Seydel, K. K •olln, I. Kra snov, I . Di ddens, N. Hauptm ann, G.
Helms, M. Ogurreck, S.{G. Kan g, M. M. K oza, M. M •uller, Macro-
molecules, in press.

MM 35.6 Thu 16:15 H16
The actuat ion of organ mo vemen t by the gen er at io n of t ensile
and com pres siv e stre sses in woo d cell walls | � Ingo Bur ger t ,
Mich aela Ed er , No t bur ga Gierli nger , and Pet er Fra tzl | Max
Planck Insti tute of Colloid s and Interfaces, Departme nt of Bi omateri-
als, 14424 Potsdam, Germany

Activ e movement is usually associated with anim als rath er than plants.
Plants do not have muscles, but th ey are able to pre-stress th eir tis-
sues in order to actuate their organs. Here, we demonstra te for soft-
woods tha t eith er tensile or compressive stresses can be obta ined dur-
ing swelling of the cell wall. Th is can be well understood by simple
mechanical considerat ions, taking into account the cell shapes and the
observed cellulose �br il orientatio ns. T he almost inextensible cellu-
lose �b rils redirect th e forces generated by the swellin g of t he matri x
by purely geometrica l constra ints to produce tension or compression
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forces according to needs. This prin cipl e could be simpl e enough to be
reproduced in arti�c ial systems and one may consider developing �b er-
reinforced hydr ogels as e�ec tiv e micro actuators. The main technical
chall enge would be to reproduce the well cont rolled �b er orientation
found in wood cells.

MM 35.7 Thu 16:30 H16
Ba m b oo: Mec han ical Opti misa tion and E �c iency | � Ulri ke
G.K. W egst 1 and Mich ael F. Ashby 2 | 1Max-Plan ck-Insti tut f•ur
Meta llforschung, Heisenbergstr. 3, D-70569 Stut tgart , Germany |
2Cambridg e University Engineering Departm ent, Trum pin gton Street,
Cambridg e CB2 1PZ, UK

An opti mised struct ure is one whi ch uses the smallest quantit y of
th e best material t o perform its functio n, with adequate safety fac-
tor . Struc tural optim isatio n occurs not only in mechanical engineering,
but also in nat ure: plant s whosestems or stalks approach th e opt imum
shape gain e�cie ncy and a height advantage. Bamboo doesthis excep-
tio nally . I t provides the most e� cient materia l for mechanical perfor-
mance at minim um mass, supporting large loads due to self -weight and
external forces. Bamboo achieves its e�c iency in three ways: (i) by
using e�cie nt material s such as composites, (ii) by gradi ng the struc-
tu re, (iii) by shaping the component to form a tub e. Investigated here
is the mater ial aspect of the structu ral opti misation of the ort hotro pic
bamboo tu be and the role whi ch the microst ructu re plays in it s me-
chanical perform ance. Concentrati ng on the elastic bending behaviour,
th e sti � ness, strength and failu re modes of bamboo are reviewed and
algorith ms and diagrams are proposed which allow the optim um prop-
erty gradient and section shape to be selected. Man-made materials
which exploit all th ree of bamboo's strategies for mechanical e�c iency
seem to be very rare. Giv en the ultima te stru ctura l e�ci ency tha t this
combinat ion allows, developing th em in wood-based and oth er com-
posites, for exampl e, would appear to be wort h serious considerat ion.

MM 35.8 Thu 16:45 H16
Hier arc h ical cera mic s from biom imetic p ro cessing of woo d |
� Oskar Par is, At ul Deshpande, and Ingo Bur ger t | Max Planck
Instit ute of Colloids and Interfaces, Depart ment of Biomat erials, Pots-
dam, Germany

Th e processing of plant tissueshas beenused since hundreds of years to
obtain useful materi als such as paper and activ ated carb ons. The rich
stru ctura l hierarchy of plant tissues makes th em ideal as sca� olds or
casting moulds for the synthesis of hierarchically str uctu red inorganic
materia ls based on carbon or ceramics. Besides potential applicat ions
as lightweight nanocomposites for structu ral applica tion s, such mate-
rial s are typic ally porous at several length scales, making th em inter-
esting candidate s for catalysts and � lters. A major challenge in the
synthesis processof such materi als is to preserve the hierarchical plant
stru cture at all levels while retaini ng the mechanical integrit y. We have
used wood ti ssue asa casting mould for t he synthesis of hierarchical
mesoporous oxide ceramics with directi onal porosity on th e microme-
ter and the nanometre scale. In particu lar, we could demonstrat e that
th e enti re struct ure of th e wood tissue includ ing the spiralli ng mi-
cro�bril lar orientation of the cellulo se �bril s can be t ransform ed into
a mesoporous Ce0.5Zr0.5O2 ceramic [1].

[1] A. Deshpande, I. Burgert , O. Paris, Small 2 (2006) 994.

15 min break

MM 35.9 Thu 17:15 H16
TiO 2 nano tub es: a bio -insp i red and bio -insp i ring Ma teri al
| � Sebastia n Ba uer 1 , Jung Park 2 , Kla us von der Mar k 2 , Eu-
geniu Bal aur 1 , and Patrik Schmuk i1 | 1Departm ent of Mate-
rial s Science, Friedrich-Ale xander-Univ ersit y, Marte nsstr. 7, 91058
Erlang en. | 2Departm ent of Exp erimental Medic ine I, Friedrich-
Alexan der-Uni versity, Gl•uckst r. 6, 91054 Erlang en.

Self -organized porous stru ctur es have had a high imp act in surface
science due to the simpl icit y of fabricat ing nanostructu red surfaces.
Part icula rly high ly ordered porous Al and Si have attra cted signi�can t
scienti�c inte rest due to th e potentia l applicat ions in di�eren t �e lds.
Th esestruct ures can be achieved essentia lly by simple anodization un-
der optim ized electro chemical conditi ons. For T itan ium we recentl y
report ed the preparation of self-organi zed nanotubu lar T iO2 layers
on t itani um surfaces by anodizat ion in various electrolyte s contain ing

u orides. We showed th at tailo ring the diameter of the formed nan-
otu bes in a wid e range (15 - 100 nm) can be achieved by varying the
applied potent ial of the electro chemical setup. Th e resulti ng di�eren t

nanoscale surfaces can be used to evaluate size e�ect s on biorelevant
reaction s. We will discuss the wettin g behavior of these nanoporous
surfaces and show tha t it can be tai lored from super-hydrop hilic to
super-hydrophobic by variatio n of tub e diameter and by ligh t inter-
actions. Furtherm ore as t itani um and its alloys are mainly used as
implant mat erials it is also of interest to see how t issue reacts to the
di�er ent nanoscales. To evaluate the in
u ence of t ube size, tests with
rat mesenchymal stem cells were carried out and will be reported.

MM 35.10 Thu 17:30 H16
Ma teri al and str uctural dynamic s in t ra b ecu lar b on e |
� R. Weinkamer 1 , D. Ruff oni1 , J. Du nlop 1 , M. Ha r tman n2 , Y.
Brechet 3 , P. Roschger 4 , K. Kla ushofer 4 , and P. Fra tzl 1 |
1Max Plan ck Institu te of Colloid s and Interfaces, Potsdam, Germany
| 2C.E.A./ Saclay, Gif-sur-Yv ett e, France | 3LTPCM, ENSEEG,
Grenoble, France | 4Ludw ig Boltzm ann Insti tute of Osteology, Vi-
enna, Au stria

In tra becular bone di�eren t hierarchical levels contrib ute to its me-
chanical perform ance. In our simulation work we focus on the level of
the foam-li ke archit ecture and on the inhomogeneity of th e material
bone itself. Tw o di� erent processes are responsible for th e ongoing
changes on the struc tura l and material level: the remodeling where
small bone packets are cont inuously resorbed and deposited and the
mineralizati on processwhere the min eral content incr easesin a newly
deposited bone packet. Th e renewal of bone material is mechanicall y
contr olled, tha t is bone is deposited preferentia lly at mechanicall y
highly loaded sites. Since the details of this contro l are unknown,
a computer model wi th di�eren t realization s of t he mechanical feed-
back loop has been employed, t o study their in
 uence on architecture
and tim e evoluti on. Wi th a separate model, the heterogeneous min eral
content of bone at th e materia l level was investigated. An increase in
the mineral content results in a sti�er, but also more brittle material.
Predic tions are presented of th e evolutio n of the frequency distri bu-
tio n of min eral content in situat ions of increased remodeling lik e in
osteoporosis or in th erapies which aim at reducing the remodeling.

MM 35.11 Thu 17:45 H16
In
 uen ce of struct u r al p ri nciples on the mec han ics and ef-
�ciency of di�eren t biolog ic al mat eria ls using lob st er cu t i-
cl e as a mo del mat eria l | � Chr isto ph Sach s, Helge Fabriti us,
Svetosla v Nik olo v , and Dierk Raa be | Max-Plan ck-Insti tut f•ur
Eisenforschung, 40237 D•usseldorf, Germany

Th e cutic le of t he lobster Homarus americanus is a nano-composite
materia l consisti ng of a matrix of chitin -prot ein �b ers associated with
variou s amounts of crystal line and amorphous calciu m carb onate and is
organized hierarchicall y on all length scales. T he chitin prot ein �b ers
are arranged in horizontal planes where the long axes of the �b ers
are all oriented in the same directi on. Th ese planes are stacked with
the orientation of the �b ers in superimposed layers rot atin g graduall y
around the normal axis of the cut icle, th us creating a typica l twisted
plyw ood struc ture. Addit ionally , t he �b ers are arran ged around the
cavities originat ing from the extrem ely well developed pore canal sys-
tem of th e lobster which gives the structu re a honeycomb-li ke appear-
ance. Tensile, compression and shear tests perform ed on both cut icle
in its natural hydrate d and in the dry state show that both struc-
tur al princ iples, twisted plyw ood and honeycomb, are re
 ected in the
obtained mechanical data of the materi al. Th e comparison of hard
mineralized cut icle and unmineralized join t membranes shows the in-

u ence of the incorp oratio n of minerals on the performance of the
materia l, which is opti mized for the role th e materi al has to play in
the livin g organism. T he obta ined mechanical prop ert ies are used to
deduce general analyt ical models describin g the mechanics of di�eren t
biological mater ials.

MM 35.12 Thu 18:00 H16
Rec om binan tly p r odu ced Spider Silk in a Mic ro
 uidic De-
vice | � Sebastia n Rammensee1 , Ute Slott a2 , Dav id Keerl 2 ,
Thomas Scheibel 2 , and And reas Ba usch 1 | 1Techni sche Uni-
versit•at M •unchen, Physik-Department E22-Bio physik, James-Franck-
Str asse 1, 85747 Garching | 2Techni sche Universit •at M •unchen, De-
partmen t Chemie, L ichtenbergstrasse 4, 85747 Garching

Spider Silks are protein mat erials which show mechanical properties
being superior to all man-made material s in regard to tou ghness and
elasticit y. However, commercial applic atio ns of nat ural spider silk are
complic ated by the highly cannib alist ic and territo rial behavior of spi-
ders. This prob lem can be circum vented by recombinant production of
spider silk analogous proteins in bacteria. In viv o, th e highly complex
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spinnin g process is performed in a specializ ed organ, being a topic of
current research. We study the processof silk �b er forma tion in mi-
cro
uid ic devices under laminar 
o w conditio ns, where mixin g occurs
only by di�usio n. As we have a whole set of recombinantly produced
spider silk analogous prote ins available for experiments, t he in
ue nce
of di�eren t stru ctura l features of the protein s on �b er form atio n can
be studie d. We present secondary stru ctur e informati on obta ined by
infrar ed spectroscopy and Scanning Electro n Micro scopy imagesof the
produced silk assemblies. We model t he elongation al 
 ow in the mi-
cro
uid ic channel by Fini te Element Simulat ions, and th us correlate
th e struc ture and mechanical properti esof the result ing silk structures
wi th th e condit ions in th e spinnin g channel.

MM 35.13 Thu 18:15 H16
Tension and geomet ry determine cell and t issue shap e
| Ilk a Bisch ofs 1 , Dir k Lehn er t 2 , Franz isk a Kl ein2 , Mar tin
Bastmeyer 2 , and � Ulri ch Schwar z3 | 1Univ ersity of Calif ornia at
Berkeley, Depart ment of Bio engineering, 717 Potte r Street , Berkeley
CA 94720, USA | 2Univ ersity of K arlsru he, Institu te of Zoology I ,
Haid -und-Neu-Strasse 9, D-76131 Karlsr uhe, Germany | 3Univ ersity
of Heidelberg, Im Neuenheimer Feld 293, D-69120 Heidelberg, Ger-
many

Cells adapt their shape in response to the biochemical and physical
properties of t heir environ ment. Cell shape in tu rn can determine cell
growt h and fate. In order to study cell shape as a function of spatiall y
separated ligand pat ches, we have cult ured cells on a square arran ge-
ment of � bronectin dots with a large variet y of di�eren t dots sizes and
lat tice constant s. We found tha t in any case, cell shape resembles a se-
quence of circula r arcs composedof acti n �b ers connecti ng neighboring
sites of adhesion. T he same morp hology has been observed before on
th e tissue level, namely for �bro blast-p opulated collagen gels pin ned
to a 
 at substrate . Quantita tiv e image analysis revealed tha t in both
cases, a characterist ic relatio n exists between spannin g distance and
arc radius which can be explained by a mechanical model which in-
cludes the e� ect of both tension and elasticit y. Our result s suggest
th at the same universal prin ciples determine th e shape of cells and
tissues.

MM 35.14 Thu 18:30 H16
The cy t oskelet on as an example of a hig hly adap t iv e st ruc-
ture | Fl or ent Dalmas 1;2 and � Camil la Mo hrdi eck 1;3 | 1Max
Planck Institu te for Meta ls Research, Stut tgart , Germany | 2Present
Addr ess: Laborato ire de Recherche sur les Polym �eres, CNRS - UMR
7581, 94320 T hiais, France | 3 Inst. for Physical Metallu rgy, Uni ver-
sity of Stuttga rt, Germany

Th e interna l polymer network of eukaryotic cells, the cyto skeleton, is
a very interesting example of a smart structu re th at integrat essensors,
actuato rs and contro l systems to perform many v it al cellula r functi ons.
It is able to adapt and respond to a large variet y of intra and extra-
cellular stim ul i e� ciently and often also interactiv ely. T his agili ty is
largely due to a variety of molecules th at bin d to cytoskeletal �b ers to
execute certain functi ons, e.g. crosslinkin g the �b ers. To mimic the
adaptiv eness of the cytoskeleton in engineered structu res, it is neces-
sary to identify the components th at act as sensors or actuators and
how they inte rplay.

To address this complex issue, we have focused on the e�ect of
crosslinkin g on the mechanical stabilit y and th e adapti venessof th e cy-
toskeleton. In a new modeling approach, we describ e the cytoskeletal
�b ers and th e molecules that crosslink them into a three dim ensional
network as homogeneous stra ight beams in a constant volume. The
response to a mechanical stimulus is simulated by subjecting th e net-
work to a homogeneous shear stressand calculating its shear modulus.
New scaling behaviors of th e shear modul us are found and analysed.
Th ey ind icate general design pri ncip les of adapt ive networks.

MM 35.15 Thu 18:45 H16
Bi omimet ic minera liz at io n: the e�ec t of p olyst yrenesulfon ate
on t he gro wth of calc ite crysta ls | � Barba ra A ichmayer , Hel-
mut C•olf en, Oskar Pari s, and Pet er Fr atz l | Max Planck Insti-
tu te of Colloi ds and Interfaces, 14424 Potsdam, Germany

Macr omoleculesare of crucial imp ortance for the cont rol of size, shape
and arrangement of mineral crysta ls in biological tissues. Pokroy et al.
[1] recently showed th at organic molecules in biogenic calcit e even in-
duce remarkable lat tice dist ortio ns. Inspire d by the concept of biom in-
eralizat ion, we usea solubl e polymeric additiv e to modify the growth of
calcite, which is crystalli zed from calcium chloride solutions using the
CO2 vapor di� usion techniqu e. Polyst yrenesulfonat e (PSS) was previ-

ously shown to have a pronounced e�ec t on the morp hology of calcite
particle s, which were found to be composed of ordered nanocrystal line
substruc tures. Accord ing to therm ogravimetric analysis, the parti-
cles conta ined a signi� cant amount of polymer (3wt% ). [2] By com-
plementin g these result s and electron micr oscopy stud ies wit h X-ra y
scatterin g we aim to get a more detailed pictu re of th e stru cture of the
calcite-PSS particl es. Using a microfocus beam (mi cro-focus beamline
at BESSY, Berlin and ID13 at ESRF, Grenoble) enables us to study
the wide- and small-angle X-ra y scatter ing behavior of single partic les.
Our �ndi ngs on lattic e spacings, texture and internal struct ure of the
calcite mesocrystals contri bute to a better understanding of biological
and biomim etic min eralization.

1 B. Pokroy, A.N. Fitc h, E. Zolotoyabko, Adv. Mater. 2006, 18,
2363.

2 T. Wang, M. An toniet ti, H. C•olfen, Chem. Eur. J. 2006, 12, 5722.

MM 35.16 Thu 18:45 H16
D iat oms - the sou rc e of biotri b olog ic al inspir ati on fo r no vel
3D MEMS | Ille C. Gebeshuber 1 and � Rich ard M. Cra wf or d2

| 1 Instit ut f•ur Allg emeine Physik, Technische Universit•at Wien,
Wied ner Haupt strasse 8-10/1 34, 1040 Wien, Austria & Austria n Cen-
ter of Competence for Trib ology, V iktor K aplan-Strasse 2, 2700 Wi ener
Neustadt, Aust ria | 2Alfred-W egener Insti tute for Polar and Marin e
Research, Bremerhaven, Germany

Dia toms are single-celled organisms wi th rig id parts in relativ e mo-
tio n at the micrometr e scale and below. T hey produce interlocked
hydrate d silica struct ures with high precision. These microm echanical
parts have been evolution arily optim ized during th e last 150 mil lion
years or more. I t is suggested that MEMS/NEMS researchers meet
wi th diatom ists to discuss future common research attem pts regarding
biomim etic ideas and approaches for novel and/ or impro ved ME MS
and NEMS wit h optimi zed trib ological prop ert ies [1,2].

[1] Gebeshuber I.C. and Crawford R.M. (2006) Microm echanics in
biogenic hydra ted silica - hin ges and interl ocking devices in diato ms,
Pro c. IMechE Part J: J. Eng. Tribol. 220(8), 787-796

[2] Gebeshuber I.C ., Stachelberger H. and Drack M. (2005) Diatom
bionanotrib ology - Biolo gical surfaces in relativ e motion: their de-
sign, fricti on, adhesion, lubr icati on and wear, J. Nanosci. Nanotechnol.
5(1), 79-87

MM 35.17 Thu 18:45 H16
In vest igati on of the Orien ta ti on Rela ti onsh ip B et ween � -
Ch i tin and Ca lci te in Crusta cean Cutic le Using Sy nchrotron
x-ra y Di� r action | � Ali A l -Sawalmih 1 , Helge Fabri tius 1 , Sang-
bong Y i2 , and Dierk Raabe 1 | 1Max-Planc k-Insti tut f. Eisen-
forschung, Max-P lanck-Str. 1, 40237 D•usseldorf. | 2 Instit ut
f•ur Werksto�kun de und Werksto�te chnik, Technische Universit•at
Clausthal, 38678 Clausthal-Zellerfeld .

Cru stacean cutic le conta ins � -chit in-pr otein organic �b ers associated
wi th crysta llites of calcit e and considerable amounts of amorp hous cal-
cium carbonate (ACC). In this study, x-ray pole � gure analysis was
perform ed to investigat e the crystallograph ic textur e (preferre d ori-
entat ion) of t he crystalli ne calcite and � -chit in, with respect t o th eir
orientatio n relationship, in edible crab Cancer pagurus and american
lobster Homar us americ anus cut icles using synchrotr on wide-angle x-
ray di� raction (XR D) . It was observed th at the c-axis of the calcite and
the b-axis of the � -chit in are �rs tly preferentially aligned paral lel t o
each other and secondly oriented along th e surface normal . The other
axes of th e � -chit in and calcite are co-align ed with respect to each
oth er throughout th e cuticl e plane. T he synchrotron x-ray crysta llo-
graphic textu re results gave for t he � rst time a stati stical descript ion
of the orientat ion relation ship between the organi c and inorganic com-
ponents in arthro pod cut icle. Th is result strongly suggests that the
�b rous struc ture of � -chit in assists the growth of calcite crystal s in
crustacean cut icle, by function ing di rectly or ind irect ly as a template
for nucleation and subsequent growth of calcite.

MM 35.18 Thu 18:45 H16
Ev aluat io n of di�eren t con st ituti ve mo dels for the mec hanic al
b ehav ior of b one at submicr on scal e | � Svetosla v Nik olo v ,
Helge Fabr itius , Chr isto ph Sachs, and Dierk Raabe | Max-
Planck-Instit ut f•ur Eisenforchung, 40237 D•usseldorf , Germany

Hard biological tissues, such as vertebrate bone, show a complex hier-
archical str uctu re at all length scales. Th e basic stru ctura l uni t of bone
is a �bro us collagen matrix contain ing small hydr oxyapatit e crystals in
the form of plat elets. Here we focus on the consti tutiv e modeling of a
bundle of these min eralized collagen �b rils in order to predict their me-
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chanical response. Th e materia l is modeled via a two-step homogeniza-
tio n procedure * a �rst homogenizati on step at the level of one single
mineralized �bri l, and a second one at the level of a �bri l bundle embed-
ded in an ext ra�br illar matrix. We compare di�eren t combination s of
homogenization models, such as shear-lag models, self-consistent esti-
mates, Mor i-T anaka and double-inclusion homogenizat ion schemes, in
order to elucid ate which two-step homogenizati on scheme bett er repro-
duce the mechanical data availab le from experiments. We additi onall y
perform a parametric study on th e microstru cture parameters, such as
th e aspect ratio and th e volume fraction of collagen �b rils and apatite
platelets, the Young*s modulus of the constituen ts and th eir density
in order to extract some structu ral optimi zation prin ciples involved in
th e nat ural format ion of hard tissues.

MM 35.19 Thu 18:45 H16
Gra zi ng-inci dence X-r ay scatt ering in vest igati on on t he
st ru cture of t h in � lms of rec om binan t spider silk proteins |
� E. Metw all i1 , U. Sl ott a2 , C. Dark o1 , S. Roth 3 , T. Scheibel 2 ,
and C. Papadakis 1 | 1Physikdepart ment E13, TU M •unchen, 85747
Garching | 2Chemiedepartm ent, TU M •unchen | 3HASYL AB at
DESY, Hamburg

Protei n im mobilizat ion on solid supports is imp ortan t for many po-
tenti al applica tion s such as protein microarrays. Recombinant spider
silk prot eins o�er the possibilit y to cont rol the molecular sequence and
th us the materi al properti es [1]. Spin- coating was used to prepare
�lm s of synth etic spider silk prot ein derived from th e garden spider's
(Aran eus diadematus) dragl ine silk protein ADF-4. A tran sition from
alfa-helix t o beta-sheet ri ch stru cture s upon methan ol t reatm ent of the
�lm s has been detected by IR and circu lar dichroism spectroscopies
[2]. We present here direct evidence for this struc tural tran sformat ion.
We have observed crystall ine domains with in th e �lm s aft er treatment
and could determine their size and shape using grazing-incidence X-
ray di�rac tion (GI XD) and small-an gle scatt ering (GI SAXS). GI XD
showed Bra gg peaks from beta-sheet poly-a lanin e crystall ites having a
sizeof 8 nm. GI SAXS con�rm ed the presence of crystallit esof th is size.
We conclude that th e prot ein �l m stru cture aft er the methanol tr eat-
ment consists mainly of crystall ine beta-sheet rich regions embedded
in an amorphous matrix. [1] Scheibel T ., Current Opinion in Bi otech-
nology 16, 427 (2005). [2] Humm erich D., Slott a U., and Scheibel T.,
Appl ied Phys. A-Mat erials Sci. & Pro cessing 82, 219 (2006).

MM 35.20 Thu 18:45 H16
Struct u ra l adapta tion in t ra b ecu lar b one | � Jo hn Dunl op1 ,
Markus Ha r tman n2 , Yves Br �echet 3 , Pet er Fra tzl 1 , and
We ink amer Richa rd 1 | 1Departm ent of Biomaterials, Max Planck
Instit ute of Colloi ds and Interfaces, Research Campus Golm, 14424,
Potsdam, Germany | 2Serv ice de Chim ie Mol �eculaire, C.E.A./S aclay,
Bat . 125, 91191 Gif -sur-Yv ette cedex, France | 3Group e Physique du
M�etal, LTP CM/ENSE EG INPG , Domaine Univ ersitai re de Grenoble,
38402 Saint Martin d'H �eres, France

Th e structu re of trab ecular bone results from the complex interaction
between bone producing cells (osteoblast), bone absorbing cells (os-
teoclasts) and signalling cells (osteocytes), and the performance of the
bone matrix itself. One of t he imp ort ant factors tha t regulates the
tra becular archit ecture is mechanical loading. T his can be generalised
by the Wol�-Roux law: that is, bone in general is deposited where
it is mechanically needed and removed where it is not. Changes in
mechanical loading are clearly seen to a�ec t cellula r activit y and also
to modify the resultan t bone archit ecture. T he precise details of how
cells "feel " a stim ulu s and exactly how th ey respond are not known,
alt hough there are many suggestions tha t have been proposed. Com-
puter simulation techniqu esare ideally suited to testing these theories.
In th is contri butio n a 3D latt ice model of tr abecular bone is presented
and used to investigate the lin k between individu al cell response and
tra becular archit ecture through both the " remodelling " a nd "stim ulus"
rul es.

MM 35.21 Thu 18:45 H16
Crea tion and Su rf ace-Funct ion aliz at io n of Mic ro capsules
of R ecom bina nt Sp ider- Si lk P ro t ein | � Markus Ha rasim 1 ,
Teresa Ba uer 1 , Kevin Her manson1 , Sebastia n Rammensee1 ,
Thomas Scheibel 2 , and And reas Ba usch 1 | 1Physik Departm ent,
E22-Bi ophysik, Technische Univ ersit•at M •unchen, James-Franck-Str.1,
85747 Garching | 2Departm ent Chemie, Lehrstuhl f•ur Bi otechnologie,
Techni sche Univ ersit•at M •unchen, Lichtenbergstr. 4, 85747 Garching

Micro n-size sculpt ed structures are imp ortan t for encapsulati on and
funct ionalizat ion technologies and as build ing blo cks for larger de-

vices. Here, spherical capsules are created th rough the self -assembly
of recombinant spider-silk at liquid interfaces and in solutio n. Due to
the natura l properties of the spider silk the capsules are mechanicall y
strong and biocompat ible. T hesecapsules can be form ed either in bul k
or thro ugh microfabri cation using micro
u idic devices, which allow for
the direct control of capsule size and shell thic kness. Functi onaliza-
tio n of t he capsules can also be achieved using common biochemical
techniques. Because of the silk's unique properties, this technique po-
tenti ally o�ers a convenient approach to the forma tion of biologically-
compat ible, easily-f uncti onali zable stru cture s.

MM 35.22 Thu 18:45 H16
E� ect of cal cium con centra tion on the st ru cture of casein
mic elles in thin � lms | � Ronald Gebhar dt 1 , Ali Ezzeld in
Metw alli 2 , Stephan Vol kher Roth 3 , Wolf gang Do ster 2 , and
Pet er M •ul ler-Buschba um2 | 1Europ ean Synchrotron Radiatio n
Facilit y, B.P. 220, F-38043 Grenoble Cedex, France | 2TU M •unchen,
Physik Departm ent LS E13, James-Franck-Str. 1, 85748 Garching (Ger-
many) | 3HASYL AB at DE SY, Notk estr. 85, 22603 Hamburg (Ger-
many)

Caseins are organi zed in poly-di sperse, roughly spherical aggregates
wit h diameters ranging between 150 and 300 nm. T hey represent with
about 80% the largest protein component in milk. Th e casein micelle
of bovine milk consists of four di�ere nt phosphor-prot eins which can be
divid ed into two groups: the calcium insensitive � -casein and the cal-
cium sensitiv e � S1-, � S2- and � -caseins. Casein micelles are the raw
materia l for the product ion of gelled and 
 occulated milk products,
such as cheese, yogurt and ice-cream. Addit ionally , casein micelles
�nd a broad appl icati on in casein �lm s as adhesives or paint, prepared
wi th solutio n casting or spray coati ng techniques.

We have investigat ed the e�ect of calcium on the structu re of casein
micelles in th in � lms using grazing incid ence small angle x-ray scat-
teri ng (GI SAXS) at t he BW4 USAXS beamli ne at HASYL AB/ DE SY
in Hamburg . The GISAXS measurements are complemented with op-
tic al micro scopy and atomic force microscopy to picture th e surface
stru cture [1].

[1] M •uller-B uschbaum P., Gebhardt R., Maure r E., Bauer E., Gehrke
R., Doster W. (2006) Biomacromolecules 7, 1773-1780

MM 35.23 Thu 18:45 H16
Har dness an isot ro py of cry stal line � -ch i tin: An ab-initi o
based con forma tional analysis | � Mich al Pet r ov , Mar tin
Fr i �ak , Li verios Lymperakis , J•or g Neugebauer , and Dierk Raa be
| M ax-P lanck-Institu t f•ur Eisenforschung, M ax-P lanck-Stra sse 1,
40237, D•usseldorf, Germany

Th e � -chit in is one of the most abundant biological mat erials. Th e
complex structu re of � -chit in results in a low-weight and high-strength
materia l, which make it a favorable system for potenti al bio-inspired
funct ional mater ials applicat ions. In order to gather a deeper under-
standin g of t he mechanical prop erties of � -chit in, study of the elastic
properties of pure single-crysta lline � -chit in is crucial. We have there-
fore explored the atomic structu re and th e hardnessanisotrop y of crys-
tal line � -chit in. A challenge in ident ifyin g the equilib rium structu re
of � -chit in is t he large size of th e uni t cell consisting of 108 atoms.
In order to resolve this complex stru cture a series of hierarchical ap-
proaches/methods is used: A conforma tiona l analysis of chit in is per-
formed using comput ation ally fast empiric al potenti als and tigh t bind-
ing calculat ions. Based on the conform atio nal analysis a small number
of possible atom ic con�g urati ons could be identi�ed . Th esestruct ures
have then beenused as input for accurat e ab-initi o calcula tion s in order
to deriv e th e ground stat e atom ic geometry and the elastic properties
of chitin . Fina lly based on these results we discuss and explain the
strong elastic anisotr opy of � -chit in in te rms of the inte rplay between
covalent and hydro gen bonds.

MM 35.24 Thu 18:45 H16
Mic rop atte rn ing of cera mics by ion b eam sputt ering for
den t al implan ts | � Sebastia n W ille 1 , Bin Yang 2 , and Rai ner
Adelu ng 1 | 1Lehrstu hl f•ur Mate rialv erbunde, Techni sche Fakult •at
der CA U K iel, K aiserstr. 2, 24143 Ki el | 2Univ ersit•atsklinikum
Schleswig-Holste in Campus Kiel , K linik f•ur Zahn•arztlic he Prot hetik,
Prop•adeutik und Werksto� kunde, Arno ld-Hel ler-Strasse 16, 24105 Kiel

Due to their att ractiv e esthetics, biocompatib ilit y and mechanical
properties, zirconia ceramics are increasingly used for denta l imp lants.
But they do not form an osseo-integratio n due to chemical inert ness.
In order to improve the osseo-integration of zircon ia cerami c imp lants,
a micr ostruc ture on the ceramic surface is developed with an ion beam
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sputter processthrou gh a thin �lm mask which exhibit s low sputte ring
rat es. T he thin �lm masks covering ceramic surface are fractured to
obtain a microcrack network . After sputte ring, t he network of cracks
is trans ferred as a network of micro - and submicro channels. With
th is, relativ ely high aspect rati os for the microstruct ures can be ob-
tai ned. Moreover, by � lling the cracks with another mat erial wit h a
high sputte r resistance, it is also possible to obtain the inverted net-
work microst ructu re on zirconia ceramic surface.

MM 35.25 Thu 18:45 H16
Optic al and Struct u r al Chara ct eris at io n of Meta lli sed
Oli gon ucl eot ides | � Nad ine Holz apf el 1 , Gl enn Burley 2 , Jo -
hannes Gierlic h2 , Dav id Hammond 2 , Thomas Carell 2 , Gerh ard
Abstreiter 1 , and Ulri ch Ran t 1 | 1Walter Schot tky Institu t, Tech-
nische Universit•at M •unchen, Am Coulombwall 3, 85748 Garching
| 2Ludw ig-Maxim ilian s-Univ ersit•at M •unchen, Butenandt str. 5-13,
81377 M •unchen

Meta llised DNA stru cture s have received considerable atten ti on re-
centl y; mainly for thei r potential applica tion s in nanoelectron ic de-
vices. Asid e from this, metallised oligonucleotide s of nanometer di-
mensions are expected to exhibi t intrigu ing optica l prop erties due to
the excita tion of collective oscillat ions of t he conductin g electron s by
visibl e light (pl asmons). In th is study, we used two di�er ent metho ds
to deposit silver on oligonucleoti des of di � erent lengths (23-96 base
pairs). Th e �rst method involved th e speci�c labelling of nucleotides
wi th aldehyde groups, followed by exposure to Tollens reagens and
a developer, whereas the second method relied on the photoindu ced
deposition of Ag onto unmodi�ed DNA samples. Several preparat ion
parameters (DNA sequence, bu�er salt type, Ag concentrati on, UV il-
lum ination tim e) were varied systematic ally. T he optic al prop ert ies of
the resulti ng metallised DNA samples were charact erised by recording
the extinct ion spectra using a UV/VIS absorptio n spectrometer. An
extin ctio n maximum was found at ca. 410 nm which is ind icati ve of
a plasmonic mode. In addition , the metal lised DNA struct ures were
deposited on single crysta lline Si wafers and imaged by SEM and AFM.

MM 35.26 Thu 18:45 H16
The ra te of b on e renew al con t ro ls it s mec han ical b ehav ior
| � Dav ide Ruff oni 1 , Pet er Fr atz l 1 , Pau l Rosch ger 2 , Kla us
Kla ushof er 2 , and Rich ard Weinkamer 1 | 1Max Plan ck Institut e
of Colloids and Interfaces, Potsdam, Germany | 2Ludw ig Boltzm ann
Instit ute of Osteology, Vien na, Au stria

At t he materia l level bone is a nano-composite consistin g of collagen
and mineral particles. A crucial factor for the mechanical behavior
is th e amount and distribu tion of mineral. Bone mat erial evolves in
tim e as th e result of a remodeling and a mineralizati on process. In
tra becular bone th e presence of bone packets with di � erent degrees
of mineralizati on is charact erized by a bell-shaped frequency distri-
bution of t he min eral content, called the bone mineralizat ion density
distribu tion (BMD D). A ta ilor- made continuit y equatio n is developed
to answer how the rate of bone deposition and bone resorpti on in 
u-
ence the tim e evolutio n of th e BMDD. First, th e steady state solut ion
of the model equati on enables the ext racti on of inform ati on on the
mineralizati on kin etics taking the measured BMDD as startin g point.
Secondly, the knowledge of the mineraliz ation kinet ics can be used to
predict th e full tim e evolution of the BMDD. Increasing th e remod-

eling rate causes a less min eralized and more heterogeneous min eral
distribu tion. Conversely, when reducing the turnover th e BMDD dis-
plays tran siently a sharp peak corresponding to bone wit h an unusual
uniformit y in its mineral content. Late r in t ime higher and less uni-
form min eralizatio n distribu tion s are atta ined. From a mechanical
view point t his suggests an evolution towards sti�er but more bri ttle
bone.

MM 35.27 Thu 18:45 H16
Mec han ic al p rop erti es of silk: In t erpla y of deforma tion on
mac roscop ic and mo lecula r length scales | � Imke Didd ens1 ,
Nad ine Haupt mann 1 , Gesa Hel ms1 , Igo r Krasn ov1 , Mal te
Og urreck 1 , Til o Seydel 2 , Ser gio S. Funar i3 , and Mar tin
M •ul ler 1 | 1 Instit ut f•ur Experimentel le und Angewandte Physik ,
Christia n{Albre chts{Univ ersit•at zu K iel | 2 Instit ut Laue{Lang evin,
Grenoble, France | 3HASYL AB at DESY, Hamburg

Using an in situ combinat ion of tensile tests and X{ra y � bre di�rac -
tio n, we have directly determined the mechanical properties of both
the crystalli ne and the disordered phase of th e biol ogical nanocom-
posite silk . We have adapted a model from lin ear viscoelastic theory,
which fully accounts for the semicryst alline morphology of silk. T he
elastic moduli of t he two phaseswere determin ed as well as the relaxing
modulus and the viscosit y of the disordered matrix. Th e high exten-
sibilit y of silk results princ ipall y from the disordered phase, however,
imp ortan t elastic deformat ion was also found in the � {sh eet prot ein
crysta ls. The observed interp lay between morp hology and mechanical
properties wil l have strong impact on the design of novel protei n{ba sed
high perform ance �br es.

MM 35.28 Thu 18:45 H16
Fibrill ar level deforma ti on m echanisms in an tl er | � Stef ani e
Kra uss1 , Himad ri Shikhar Gupt a1 , Jo ng Seto 1 , Jo hn Cur rey 2 ,
Tom as Lan dete- Castill ej os3 , Ser gio Souza Funari 4 , Stephan
Vol kher Roth 4 , and Pet er Fra tzl 1 | 1Departm ent of Biom ate-
rial s, Max Plan ck Institu te of Colloi ds and Interfaces, Potsdam, Ger-
many | 2Departm ent of Bio logy, Universit y of York, York, United
Kin gdom | 3 IR EC (Sec. Albac ete) y ET SI Agron omos, IDR, Uni v.
Castilla -La Mancha, Albac ete, Spain | 4HASYL AB- DE SY, Ham-
burg, Germany

In bone and related biominerali zed tissues, the combination of a duc-
tile organic matrix (mostly Type I collagen) with sti� mineral cry stal-
lite s leads to a materia l wit h high sti�ness and excellent resistance to
fractu re. As recently shown by us, the mechanisms leading to this in
bone involve shearin g in the inter�b rillar mat rix as well as coopera-
tiv e deformation between min eral and collagen with in the � bril. Deer
antle r is a less mineralized bone type that shows an extrem ely high
tou ghness,which has obviou s advantages for its physiological funct ion
as a weapon during dominance �gh ts between male deer in th e rut-
tin g period. Using in-situ mechanical test ing with tim e-resolved syn-
chrot ron X-ray measurements of the meridio nal collagen small-an gle
di�ra ction pat tern, we measured the changes in � bril strain whil e si-
mult aneously stretching the tissue to failure. We compare the � bril
and tissue strai n and the variatio n of the 3rd order meridion al colla-
gen peak shape with increasing stress. We discusshow these struct ural
changes at the nanoscale may in
uen ce th e macroscopic toughness of
antle r.
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DPG Jahrestagung und DPG Frühjahrstagung des AKF

Regensburg, 26. - 30. März 2007

Symposium
Scattering experiments on soft-condensed matter systems – new techniques and experi-
mental possibilities
Organisation:
Prof. Dr. Thomas Thurn-Albrecht, Universität Halle
Prof. Dr. Peter Müller-Buschbaum, Technische Universit ät München,

Special Symposium “Scattering experiments on soft-condensed matter systems – new tech-
niques and experimental possibilities” in Regensburg / Ger many at the 27th and 28th March
2007 in the framework of the spring meeting of the Division Co ndensed Matter of the
Deutsche Physikalische Gesellschaft (DPG). The symposium is organized by the division
Chemical and Polymer Physics (CPP).
This symposium addresses students, experienced researchers and senior scientists working
in the �eld of and exploiting the potentials of scattering wit h neutrons and x-rays in the area
of chemical and polymer physics. Aim of the symposium is to pr esent the state of the art in
scattering experiments with neutrons and x-rays on soft-ma tter materials (covering chemical
and polymer physics aspects) and to highlight new experimen tal developments in scatter-
ing techniques. The symposium will provide information for non-experts in scattering about
the potential use of scattering experiments in this �eld of sc ience and allow for discussions
among experts about latest trends and ideas. Central idea is to bring together the commu-
nity interested in the material aspects of chemical and poly mer physics and the community
specialized on the experimental techniques of scattering w ith neutrons and x-rays.
Invited talks will provide an overview of dedicated scatter ing techniques covering the topics
microbeam, coherent, inelastic, surface sensitive and time-resolved scattering. In special con-
tributed lectures each topic will be deepened and illustrat ed by additional examples. A large
poster session concludes the symposium.
The symposium language is English.

Invited speakers (con�rmed)
R. May (ILL, Grenoble, France): Time resolved small angle neutron scattering
S. Mochrie (Yale University, New Haven, USA): coherent scatt ering
D. Richter (Forschungszentrum Jülich, Jülich, Germany): Polymer dynamics: From Synthetic
to Biopolymers
C. Riekel (ESRF, Grenoble, France): Synchrotron radiationbased micro-beam scattering ex-
periments
R. Steitz (HMI, Berlin, Germany): surface sensitive neutron scattering
Additional info: http://regensburg07.dpg-tagungen.de/index.html?lang =en&
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CPP 10: INTERNAL SYMPOSIUM Scattering Experiments I

Time: Tuesday 9:30{12:30 Location: H37

In v ited Talk CPP 10.1 Tue 9:30 H37
Polymer dyn amics : Fro m Sy nthetic Poly mers t o Bi op oly -
mers | � Dieter Ri chter | Forschungszentrum J•ulich, Inst itut f•ur
Festk•orperforschung, 52425 J•ul ich, Germany

In polymer ic mat erials t he stru ctur es, the macroscopic mechanical and
rheological properties and th e phase changes are determined to high
degree by thermal motion of t he atom s and molecules. Most of t he rele-
vant dynamics takesplace on mesoscopic lengths and tim e scales in be-
tweenthe picosecond atom ic scaleand the macroscopic fram e. O� ering
th e prop er space t ime observat ion window, neutro n spin echo (NSE)
spectroscopy uniquely addresses these motio ns. We brie
y present
some key experimenta l results on th e mesoscopic dynamics of polymer
systems. We address bri e
y the standard model of polymer mot ion,
th e Rouse model, the role of topological con�nem ent as expressed in
th e repta tion model and �na lly , processeslim iting the con�ne ment *
we discuss contour length 
 uctu atio ns and constrain t release of entan-
gled chains. Very recentl y it became also possible to directly identify
large scale inte rnal dynamics of prote ins by neutron spin echo. We
report the results of t hese pioneering studies, which most lik ely will
ini tiate furth er experiments on th e large scale mot ions of protei ns and
th eir rel ation to the functio n.

CPP 10.2 Tue 10:00 H37
Gla ss-Forming Mi cro em ulsion s and L iquid Dy nami cs in Soft
Co n� nemen t | � Thomas Blocho wicz1 , Tin ka Spehr 1 , Ann ik a
Fricke 1 , Mar tin M •ul ler 1 , Bernh ard Frick 2 , and Bernd St •uhn 1

| 1TU-D armst adt, Germany | 2 IL L, Grenoble, France

Recently glass formin g liquid s have been investigated subject to
nanoscale geometrica l con�ne ments of variou s kinds , in order to ac-
cess changes in the molecular dynamics when the con� nement comes
closeto a characteristic lengthscale of cooperativ e motion. Most exper-
iments were perform ed with glassform ers con� ned in nanopores in case
of which, however, actual �nit e size e�ect s are superposed with pres-
sure e�ects or interactions with th e con�nin g walls. A di�eren t situa-
tio n can be found in microemulsions, where, droplets of a hydroph illic
substance are stabilized by surfact ant molecules in a hydro phobic en-
viron ement. When th e substances involved are chosen properly vitri-
�c ation in a so-called " soft con� nement"ca n be observed. In our par-
tic ular case we study droplets of glycerol in a matrix of to luene and
m-xylene stabilized by the ionic surfactant AOT. The temperature
dependent stru cture of t hese systems is investigated by small-an gle
X-ra y and neutr on scatteri ng, whereas for th e dynamical behaviour
quasielastic neutron scattering techniques are part icula rly useful due
to their nanoscale spatial resolution. We present t ime-of-
igh t and
backscatteri ng measurements to accessthe dynam ics of glycerol inside
th e emulsion drop lets. As compared to bul k glycerol pronounced ac-
celerati on of the dynam ics is observed whereascomparison of core and
shell dynamics of the micelles yields almost identica l behaviour .

CPP 10.3 Tue 10:15 H37
Star lik e dend ri mers in solu t ion s: Struct u r al p r op er-
ti es and in t ernal dy namic s | � Sil ke Rathgeber 1 , Mich ael
Mo kenbusch 2 , James L . Hedr ick 3 , Mikael Tr oll sas3 , and Al-
ice P. Gast 4 | 1Max-Planc k Institu t f•ur Polym erforschung, Poly-
mer Physik, D-55128 Main z, Germany | 2Forschungszentrum J•ulich
GmbH, Institut f•ur Festk•orperforschung, D-52425 J•ul ich, Germany |
3 IBM Almad en Research Center, San Jose, Californ ia 95120-609, USA
| 4Departm ent of Chemical Engineering, Masschusetts Inst itute of
Technology, Cambridg e, Massachusetts 0213, USA

We measured the shape and th e intern al dynamics of starlik e den-
dri mers under good solvent condi tions with small-an gle neutron scat-
ter ing and neutron spin-echo spectroscopy, respectiv ely. [1] Arc hi-
tectura l parameters such as the spacer length and generation were
varied in a systematic manner. Struc tura l changes occurr ing in the
dendrim ers as a funct ion of th ese parameters are discussed. A �rst
cumulant evaluatio n of the NSE spectra for each scatterin g vector q
separately yields the length scale dependent relaxation rates 
( q). We
observe a local minim um in the normalized relaxation rates 
 (q)=q3 on
length scales corresponding to the overall dendrim er dimension. The
dynamics is discussed with in a Rouse-Zim m approach generalized to
th e case of starl ike dendrim ers of arbit rary geometry. The model al-
lows an identi�c ation of the modescontrib utin g to the relaxation of the

dendrim er. T he local mini mum is due to collectiv e breathing mot ions
of (parts of ) the dendrons relativ e to each other. Shape 
uc tuat ions
are not observed. [1] S. Rath geber et. al., J. Chem. Phys. 125 , 204908
(2006)

CPP 10.4 Tue 10:30 H37
Neutron Sp ect ro scop y on no no-con �ned p oly mer s in com-
pari son with dielec tri c and therma l res u lt s | � And reas
Schoenhals 1 , Bernh ard Fri ck 2 , Mar ia Ma yor ova 3 , and Reiner
Zorn 3 | 1Federal Institu te of Material s Research and Testing, Unter
den Eichen 87, D-12205 Berl in | 2 Instit ut Laue-Langevin, B.P. 156,
F-38042 Grenoble | 3Research Center J•ulich, Institut e for Solid State
Research, D-52425 J•ul ich

Th e e� ect of a nanometre con�ne ment on mat ter is an inte restin g prob-
lem of soft-m atte r physics. Neut ron scatterin g (NS) is valuable to ol
to investigate such systems because of the high penetration depth of
neutron s. Incoherent NS was carried out on poly(dimeth yl siloxane)
and poly(methyl phenyl siloxane) con�ne d to Sol/Gel-g lasses (7.5, 5.0,
2.5 nm) . To cover a broad dynamical range of th e scatterin g funct ion
S(Q,E) t ime-of-
igh t and backscatt ering are combined. For the Boson
peak the vibr ation s at lowest frequencies are depressedby the con� ne-
ment . The mean square displacement msd was calculated from elastic
scanes. Ab ove T g th e characteristic increase of the msd found for the
bulk is strongly in
 uenced by th e con� nement but for both materi-
als in a di�eren t manner. Th e main in
 uence of the con�ne ment on
S(Q,t)= FT( S(Q,E)) is an broadening of S(Q,t) with increasing con-
�n ement. These result s are discussed together wit h dielectric mea-
surements. T his comparison gives strong evidence th at (1) th e ther-
modynamic state in a nanometer con�nem ent is di�ere nt from that of
the bulk and that (2) an inh erent length scale might exist for t he glass
tra nsitio n.

CPP 10.5 Tue 10:45 H37
The b oson p eak : Th eory of scat teri ng fro m vib r at io nal ex -
ci ta tion s in disordered mat eria ls | � Wal ter Schirma cher 1 ,
Bernh ard Schmid1 , Gi anca rlo Ruocco 2 , and Tul lio Scopig no 2

| 1Physik-De pt. E13, TUM •unchen, D-85747 Garching | 2Dip t. di
Fisica, Uni v. di Roma, I-00185 Roma

A th eory of vibr ation al excitati ons in disordered materials1 and th eir
observatio n by inelastic ligh t, neutron , X-r ay2 and nuclear 
 -ray
scatterin g3 , based on a model with 
u ctuating shear moduli is pre-
sented. The enhancement of the vibra tion al densit y of states (DO S)
g(! ) over Debye's g(! ) / ! 2 law (\ boson peak" ) is shown to be a
dir ect consequence of th e disorder. T he observed spectra in coher-
ent scatt ering experiments do not in general reveal th e DOS directly .
Only in incoherent neutron experiments and in nuclear resonant scat-
ter ing of synchrotron radi atio n the scatterin g law is prop ort ional to
g(! ). Raman spectra are shown to reveal the imaginary part � 00(! )
of th e disorder- indu ced self energy, whi ch is only indi rectly related to
the DOS, namely to its enhancement over the Debye DOS. Th e high-
frequency sound damping, observed as broadening of the Brillou in line,
is also prop ort ional t o � 00(! ). I t is shown th at the exist ing spectra can
be consistently interp reted in the light of th is th eory.

[1] W. Schi rmacher, Europh ys. Lett. 73, 892 (2006)
[2] W. Schi rmacher, G. Ruocco, T. Scopigno, submitte d to

Phys. Rev. Lett.
[3] A. I. Chumakov et al. Phys. Rev. Lett. 92, 245508 (2004)

15 min. brea k

In v ited Talk CPP 10.6 Tue 11:15 H37
Time- resolv ed small -angle neutron scatt ering | � Rol and Ma y
| Insti tut Max von Laue - Paul Langevin, BP 156, F-38042 Grenoble
Cedex 9, France

Small-angle neutro n scatte ring has a hist ory of about 40 years, but
only with th e advent of modern fast electro nics has it become feasi-
ble to penetrat e into t ime regimes th at are compat ible with reaction
rat es and processtim es of biomolecules, polymers and colloid s at full
detecto r resolut ion. Neut ron sources cannot compete wi th the 
u x
or brillia nce of X-ra y sources. T herefore th ey are limit ed as far as
the observation of very fast processes is concerned, unl ess if th ey can
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be easily and often repeated, as in cyclic events. Of course, neut rons
heave the special advantage of neutro n contra st variatio n, allowin g one
to high ligh t parts of a structu re, and they do not produce any radiation
damage. Thi s contribu tion will address th esetechnical issues and give
a number of exampl es from th e slow kinetics of oil droplet formation
to the observatio n of t he photocycle of photo-activ e yellow prote in in
th e tens of mi lliseconds range, and also menti on how one can reach
even shorter time s wit h sophist icated tim e-of-
 ight t echniques.

CPP 10.7 Tue 11:45 H37
Pr ot ein In tera ct ion s in Aqu eous Solu t io n S tudied by Sma ll-
Ang le X-ra y Scatt ering | � Faj un Zhan g1 , Max imilia n Skoda1;2 ,
Rober t Jacobs 3 , Rich ard Ma r ti n4 , Chr isto pher Mar tin 5 , and
Frank Schreiber 1 | 1 Instit ut f•ur Ang ewandte Physik, Uni versit •at
T •ubingen, 72076 T •ubingen, Germany | 2PTCL, Uni versity of Oxford ,
UK | 3CRL, Univ ersity of Oxford , UK | 4Departm ent of Physics,
Univ ersity of Bath , UK | 5SRS, Daresbury, Warri ngton, UK

We have stud ied prote in interacti ons in two related systems by small-
angle x-ray scatterin g: a series of pure prot ein solution s with var-
ious salt and protei n concentrat ions, and mixtu res of protein with
oligo(eth ylene glycol) (OEG) thiol decorated gold colloids. Structure
factors derived from hard sphere potent ial, screened Coulomb poten-
tia l, and square well potential, combin ed wit h an oblate ellipso id form
factor are used to �t the scatte ring intensities. An inte racti on phase
diagram has been construct ed as a function of ionic strengt h and pro-
tein concentrat ion [1]. For th e mixtu re of prote in wit h functi onal gold
colloid, we present evidence for an attrac tiv e interaction betweenOEG -
decorat ed gold colloids and a repulsive inte racti on between gold colloid
and protei n. T he attr activ e potential orig inat es from a depletion force
which stron gly depends on the size of colloids and the concentr ation of
protein , while the repulsive potential is due to th e protein resistance
of the OEG monolayer. Indeed, we observed th e aggregation of gold
colloids, when protei n concentra tion is higher than a critica l value.

[1] Zhang, F.; Skoda, M.W.A.; Jacobs, R.M.J.; Mart in, R.A.; Mar-
tin , C.M. ; Schreiber, F. J. Phys. Chem. B 2006, in press.

CPP 10.8 Tue 12:00 H37
Surf acta nt P hase T ransi tion s: New Insigh t s Fr om Time-
res olv ed Sm all- ang le Scatte ring Exp erimen ts | Ann i ina
Sal onen1 , Jacq ues Leng 2 , Pet er Schu r ten ber ger 3 , and � Stef an
Egelha af 4 | 1 Instit ute of Chemistr y, K arl Franzens Universit y, 8010
Graz, Austria | 2LOF unit �e mixte CNRS/Rho dia/Bord eaux, 33608
Pessac, France | 3Departm ent of Physics, Univ ersity of Frib ourg,
1700 Frib ourg, Switzerland | 4Condensed Matter Physics Lab ora-

tor y, Heinrich-Hein e-Univ ersity, 40225 D•usseldorf, Germany

Most early studies on surfact ant systems have addressedth eir equilib-
rium behaviour. These remain a prerequisite for furth er progress, but
att ention is turni ng to nonequilibriu m phenomena. I plan to present
two recent pro jects in this area:

First , time -resolved small-an gle neutron scatterin g is used to inves-
tig ate the interm ediate struc ture s during the growth of mixed micelles.
Th e growth of the micelles is ind uced by a reduct ion in tot al surfac-
tant concent ration , which is reali zed by rapid mixing of a surfactant
solution with bu�er. T he subsequent stru ctura l changes are followed
by tim e-resolved small-an gle neutro n scatter ing.

Second, struct ural changes during th e dissolutio n of lamellar phase
are stud ied with small- angle x-ray scatt ering. A fter contact wit h wa-
ter, lamellar phasecan form fascinating inte rface instabilit ies, so-called
myelins. Using ti me and space resolved small-angle x-ray scatte ring we
investigat e the changesin the lamellar phase durin g the form ation and
growt h of th esestruct ures.

CPP 10.9 Tue 12:15 H37
Ma pping t he local na nostruc tu r e inside a sp ecimen by t o-
mo gra phic sma ll-a ng le x -ra y scatte ring | � Jan M. Feld kamp1 ,
Chr istian G. Schr oer 1 , Mari on K uhl mann 2 , Stephan V. Roth 2 ,
Rai ner Gehrke 2 , Norber t Stri beck 3 , Armand o Almend arez-
Camar ill o3 , and Br uno Lengeler 4 | 1 Instit ute for Struc-
tur al Physics, Dr esden University, D-01062 Dresden, Germany |
2HASYL AB at DE SY, Notk estr. 85, D-22607 Hamburg, Germany |
3 Instit ute of Technical and Molecular Chemistry , Hamburg University,
Bun desstrasse 45, D-20146 Hamburg, Germany | 4 I I. Physikalisches
Instit ut, Aachen Uni versity, D-52056 Aachen, Germany

Small-angle x-ray scatte ring is combined with scanning microt omogra-
phy to reconstruct th e small-angle di�ract ion pattern in th e direct ion
of th e tomographi c rot ation axis at each location on a virtual section
thr ough a specimen. These data yield informat ion about the volume-
resolved local nanoscale struc ture of th e sample. Wi th rota tion al sym-
metry present in the di�rac tion patt erns, e.g., for isotrop ic or �b er-
textu red local nanostruc ture, the ful l reciprocal space inform atio n in
the small-ang le scatt ering regime can be reconstru cted at each loca-
tio n inside the specimen. The resolutio n in real space is determined
by th e size of the x-ray beam. Th e experiments were performed with
the microbeam option at HASYLAB beamline BW4.

Using this new method, we prove the existence of a skin-core struc -
tur e in injecti on molded samples, which cannot be detected in classical
tom ography.
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In v ited Talk CPP 11.1 Tue 14:00 H37
Surf ace sensit iv e neutron scat ter in g | � R. Steitz | Hahn-
Meit ner-Inst itut, SF1, Gli enicker Str. 100, D-14109 Berlin

Current prob lems in soft matter science often require insight on the
nanometer scale. In this contrib ution we will show how neutro n re-

e ctivit y (NR) and grazing incidence small angle neutron scatte ring
(GI SAN S) can be ut ilized to reveal details on thin � lms at solid- liquid
and solid- gas interfaces. T he �rst chapter will investigat e the struc ture
of the boundary of a hydrophobic polym er �lm and its adjacent water
phase [1]. Chapter two will demonstrate that NR is an excellent to ol
for monito ring water upt ake and respectiv e struct ural changes in hy-
drophil ic polyelectrolyte �lm s [2] and chapter t hree will illu strate that
applica tion of GISANS can help to clar ify tran sient lateral structures
in molecular surfactant layers tha t are not detectab le otherw ise[3].

[1] R. Steitz , T . Gutb erlet, T . Hau�, B. K l•osgen, R. Kra stev, S.
Schemmel, A . C. Simonsen and G. H. Finde negg, Langmuir 19; 2409-
2418 (2003). [2] R. Steitz , V. Leiner , R. Siebrecht and R. v. K litz ing,
Colloid s and Surfaces A. 163, 63-70 (2000). [3] R. Steitz, P. M •uller-
Buschbaum, S. Schemmel, R. Cubitt, and G. H. Fin denegg, EPL 67,
962-968 (2004).

CPP 11.2 Tue 14:30 H37
X- ra y re
ect ivit y st udy of t he adsorpti on of azac ro wn ethers
and p almit ic acid at the hex ane-w at er inte rfa ce | � Gu tberlet
Thomas 1 , Wojc iecho wsk i Ka mil 2 , Tikhono v A l exey 3 , Schlo ss-
man Mark 4 , and Buff l e Jacques 2 | 1Lab. f. Neutr . Scatte ring,
ETHZ & PSI, 5232 Villige n PSI, Switzer land | 2CABE, Dept . of
Anal ., Inorg. and Appl. Chem., University of Geneva, 1211 Geneva
4, Swit zerland | 3NSLS, Upt on, NY, USA | 4Dept. of Phys. and
Chem., Univ ersit y of I ll inois, Chicago, IL , USA

Azacrown ethers substi tuted with di�er ent alky l chain length (decyl,
palmito yl, t etracosanoyl) and palmiti c acid have been investigat ed at
the aqueous-organic hexane-water interface by means of x-ray re
 ec-
tivit y. T hese systems are of interest in Permeation Liquid Membrane
techniques to separate aqueous soluti ons by a hydroph obic membrane
to select chemical species. The x-ray re
 ectivit y measurements reveal
the presence of a dense inte rfacial layer at the hexane-water interface.
Th e longer alkyl chain substitu ted azacrown ethers show a dim inished
interfac ial roughness. Here, the experimental set-up and results will
be presented in detai l and discussed.

CPP 11.3 Tue 14:45 H37
Ann exin b inding to solid supp ort ed mem branes: a neutron
and synchrotron scatt ering st udy | Kirsti n Seidel , Joach im
R•ad ler , and � Ber t Nick el | Dep. f•ur Physik, Ludwig -Maximi lians-
Univ ersit•at, M •unchen

We have developed a micr o
ui dic setup which allows to prepare and
observe solid support ed membranes by 
uor escence microscopy. Tw o
variants exist, one allows for complementary x-ray re
e ctivit y experi-
ments [1], while the other allows for complementary synchrot ron stud-
ies at 20 keV. The amount of liquid needed is about 2 ml. As a model
system, we have chosenAnnexin I I, which binds in a Ca dependent way
to negativ ely charged membranes. Here, we report neut ron re
ec tivit y
experiments at Amor (PSI) and Refsans (FR M-2 ) and compare th em
wi th respective synchrotron stud ies perform ed at Hasylab Hamburg
and ESRF. T he goal of these experiments is to �nd the con� guration
of the membrane and the Annexin from the di�rac tion experiments,
while the microscopy experiments allow to determin e membrane 
u id-
it y with and witho ut Ann exin present. Experiments were perform ed
in collaboratio n wi th B. Windsc hiegel and C. Steinem (U. G•ot ting en).
Experiments at Refsans were done in collaboratio n with GKSS (R.
Kampm ann et al.)

[1] C. Reich, M. Hochrein, B. K rause, B. Nickel, Review of Scienti� c
Instru ments 76, 095103 (2005)

CPP 11.4 Tue 15:00 H37
In
 uen ce of spac er leng t h and den sit y on the ver tic al st ruc-
tures of sup p or ted mem bra nes st udied by neutron r e
 ecti v i t y
| � Pet er Seitz 1 , Ol iver Pur r ucke r 2 , Anton F •or tig 3 , Rai mund
Gl eixner 4 , Gi ova nna Fra gneto 5 , Rai ner Jord an3 , and Mo t omu
Tana ka1;2 | 1Physikalisch-Chemisches Institu t, Univ ersit•at Heidel-
berg, Germany | 2Physik-D epart ment E22, Technische Univ ersit•at

M •unchen, Germany | 3 Instit ut f•ur Technische Chemie, Technische
Univ ersit•at M •unchen, Germany | 4Max Planck Institu te of Bio chem-
istr y, Martin sried, Germany | 5 Instit ut Laue-Langevin, Grenoble,
France

We studied th e struct ure of a new class of polym er-supported mem-
branes, which are separated from the solid substra te via poly(2- methyl-
2-oxazoline) spacers of de�ne d length , functiona lized wit h a surface
couplin g group and hydrop hobic membrane anchors. Th e proximal
lea
et was deposited via Langmuir-Bl odgett t ransfer, followed by vesi-
cle fusion to deposit the dist al layer. Precise control of the polymer
chain length and its latera l density enables the quantitat ive adjustment
of the th icknessand the viscosit y of the polymer interlayer. Previou sly,
we measured th e membrane-substra te distance wi th 
uo rescence inter-
ference contrast microscopy (FL IC). To gain a deeper insight to the
vertical stru cture of the membrane, we conducted specular neutron re-

e ctivit y experiments under a systematic variation of the spacer length
and densit y, and calculated th e stat ic roughnessand th e volum e frac-
tio n of water in the polymer interlayer.

CPP 11.5 Tue 15:15 H37
Nano t emp lat e fabri cation and ma croscopic alignm ent of
nano scal e do ma in s using self -org an ized diblo ck cop olymers
| � Deni s K or olk ov , Pete r Busch , Emmanuel Ken tzing er , Lu tz
Willn er , and Thomas Br ueck el | Forschungszentrum J•ulich
GmbH, Instit ut f•ur Festk•orp erforschung, D-52425, J•uli ch

Fabrication of macroscopic domains of periodic nanoscale struct ures
using self-organi zing systems promi ses to be a simpl e and low cost
metho d with potential to produce high-densit y arrays of magnetic de-
vices [1]. A block-copolym er can self-assemble into micro phase sepa-
rat ed domains with a spacing of 10-100 nm whi ch strongl y depends
on molecular weight, segment size, and the strength of interaction be-
tween the blocks. Wit hout furth er constra int, the domains have no
preferred orientati on and form a disordered "�ng erpri nt "stru cture .

In thi s study self-organization of polystyrene-polybu tadi ene (dPS-
PB) dib lock copolymer with various thicknesses and molecular weights
was investigated. Using pre-str uctu red Si wafer wi th grating s[2] of
1�m period and depth of 60 nm we were able to achieve a macroscopic
alignment of polymer domains.

Structu ral characteriza tion , in particu lar the degree of long-range
order was done by combinin g a surface-sensitiv e technique li ke atomic
force microscope (AFM) with grazing inci dence small angle scatte ring
(GI SAS).

[1] I . W. Hamley Nanotechnology 14 (2003) R39-R54
[2] D. Sundrani, S.B. Darlin g, S.J. Sibener Nano Lett., Vol. 4, No.

2, 2004

15 min. brea k

In v ited Talk CPP 11.6 Tue 15:45 H37
Co heren t x -ra y stud ies of p oly mer mem br ane 
uctuat ion s
and colloidal dyn amic s near the glas s tr ansit io ns | � Simon
Mo chrie | Departm ent of Physics and Appli ed Physics, Yale Uni-
versity, New Haven, CT 06520, USA

Th is talk will bri e
y review th e emerging technique of x-ray photon
correlati on spectroscopy (XPCS). Then , it will describe XP CS mea-
surements of th e dynam ics of self-assembled block copolymer mem-
branes with in a dilut e vesicle (L4) phase and wi thin in a sponge (L3)
phase which occur in homopolym er-tri block copolymer blends. In the
L4 phase, the results are consistent with predi ction s for th e dynam-
ics of isolated membranes. In th e L3 phase, there is a crossover from
stretched exponenti al relaxati ons to high ly-un usual compressed expo-
nenti al relaxati ons. In the thir d part of the tal k, the results of very
recent measurements will be presented of th e dynamics wit hin a dense
colloida l suspension in a binary 
 uid mixtu re. T hese measurements
reveal th e existence of re-entran t glassy behavior in thi s system, and
furth er highligh t t he promi se of the XP CS metho d at the next gener-
ati on of high-brigh tn essx-ray sources, such as PETRA II I.

Th is work was carried out at beamlin e 8-ID at th e Adv anced Photo n
Source at Argo nne Natio nal Lab orato ry in collab oration with Xinh ui
Lui, Peter Falus (Yale), Matt Borth wick (M IT) , Suresh Narayanan,
Alec Sandy, and Mic hael Sprung (APS) and is supported by the US
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CPP 11.7 Tue 16:15 H37
Sp eck le echo -tec hniq ue for di� usi ng-w ave sp ectr oscopy of soft
solids | � Pavel Zakhar ov and Frank Scheff old | Univ ersit y of
Frib ourg, Fri bourg, Swit zerland

We present a detection scheme for di�usin g-wave spectroscopy (D WS)
based on a two-cell geometry that allows e�cie nt multi- speckle av-
eraging with a single-mode detection . T his is achieved by placing a
fast-ro tati ng di � user in the optical path between laser and sampl e. We
show that t he recorded (mult ispeckle) correlat ion echoesprovide an en-
semble averaged signal witho ut length y tim e averagin g. Furt hermore,
combined with t radit ional two-cell DWS, th e full intensity auto cor-
relation function can be measured with a single experimenta l setup.
Th e scheme provides accessto a large range of correlati on tim es th us
opening an experimenta l win dow for the study of slowly relaxing and
arrested systems, such as viscoelastic compl ex 
uid s, colloid al glasses,
and gels. We also demonstrate how the technique can be used to mon-
ito r dynamic prop erti es of samples tha t evolve in t ime

CPP 11.8 Tue 16:30 H37
Be nding ela sti cit y of D P PC vesicles wit h changing cho les-
te ro l conten t | La ura Rodrigu ez-Ar ria ga 1 , Gu ill er mo Or t s-
Gi l 2 , � Th omas Hel l weg2 , Bela Fara go3 , Car los Mend uina 1 , and
Franc isco Mo nr oy1 | 1Departa mento de Qui mica-Fisic a I , Facul-
tad de Ciencias Quim icas, Univ ersidad Complute nse de Madrid, E-
28040 Mad rid, Spain | 2Stranski Lab orato rium , TU Berl in, Strasse
des 17.Juni 124, D-10623 Berlin, Germany | 3 Instit ut Laue-Langevin,
Grenoble, France

A combination of neutro n spin-echo spectroscopy and photon corre-
lat ion spectroscopy (PCS) can be used to determin e motio ns in col-
loidal particle s in the nanosecond tim e range [1](e.g. �lm d eformat ion
modes). In th e present study we used th is approach to discrimin ate
membrane shape 
 uctu atio ns of DP PC vesicles wit h di�eren t choles-
terol content from their tran slatio nal di�usion . The relati ve amplit ude
of the t ranslation al contri butio n to th e interm ediate scatterin g func-
tio ns is found to decrease as q increases and th e vesicle deformatio n
mode becomes th e main contr ibuti on to the relaxation function at
tim es short enough, lik e th e ones prob ed by the NSE technique. We
have performed experiments on vesicles wi th di � erent lipi d composi-
tio n and we have gained some insight in th e compositio nal grounds
of the bending elastic it y of these models of cellula r membranes. T he
bending elastic constant � is calculated using the Zilma n-Granek ap-
proach.
[1] Th. Hellw eg, D. Langevin; PRE , 57 (1998) 6825.

CPP 11.9 Tue 16:45 H37
Mic ella r hyd r ogels of p oly (2-o x azoline) cop olymers con t ai n -
ing 
 uo r oph i lic , hy drop hili c and lip oph i lic blo ck s | � Ruzha
Iv anova 1 , Tun e Bo nn�e1 , Kell Mo r tensen 2 , Phil ipp Pr anza s3 ,
Thomas K omenda4 , Kar in L •ud tk e4 , Rai ner Jord an4 , and Chr is-
tin e Papadakis 1 | 1Physikd epart ment E13, TU M •unchen, 85
747 Garching | 2Ris� Nat ional Laborato ry, Roskild e, Denmark |
3GKSS, Geesthacht | 4Departm ent Chemie, T U M •unchen, 85 747
Garching

Th e self-assembly of novel amphip hilic poly(2-oxazoline) di- and
trib lock copolym ers conta ining hydrop hili c and 
uo roph ilic and/or
lip ophilic blocks in aqueous solutions was stud ied. Small-angle neu-
tro n scatterin g together with contrast mat ching was used to study the
size and the shape of the micelles as well as the e�ec t of the copolymer
concentra tion and the length of t he hydrop hilic block on the struct ure.
It was shown th at lip ophilic -hydroph ilic and hydro phili c-
u orophilic
dib lock copolym ers do not form common micelles. T his result is an
imp ortan t prerequisite for th e format ion of multi-c ompartm ent mi-
celles and hydro gels in aqueous poly(2-oxazoline) systems. The tri-
block copolymers aggregate in to micelles, and at higher concentrati ons,
hydrogels are formed. We could show th at th e scatteri ng curv es of the
hydrogels can be described by a coexistence of spherical lip ophilic and
elongated 
 uorophil ic micellar cores li nked by the hydrophi lic blocks.
Th us the studied poly(2 -oxazoline) copolymers have large pract ical
potenti al as multi-c ompartme nt vehicl e systems in e.g. medicine or
cosmeti cs.

15 min. brea k

In v ited Talk CPP 11.10 Tue 17:15 H37
Mic rob eam Sy nchrotron R adiat ion Scat ter in g Exp erimen ts
in Soft Con densed Mat ter | � Chr istian Riek el | ESRF,
B.P.220, F-38043 Grenoble Cedex France

Th e talk wil l review scienti�c applic atio ns of small - and wide-angle X-
ray scatt ering (SAXS/W AXS) techniques with micr on- and submicron-
sized X-ra y beams at the ESRF. Th e two compli mentar y techniques
are scanning-SAXS/W AXS and single cry stal di�racti on. I will show
a number of scanning applic ation s for syntheti c polymer s and biop oly-
mers, which allow the generati on of "di�ra ction images" based on the
extra ction of speci� c parameters such as local orientat ion, strai n or
crysta llini ty from a series of di�ract ion pat terns. Single cryst al mi-
crodi�ra ction has found many applica tion s in prot ein crystal lography
but can also be used for small unit- cell biopolymers. Th is has al-
lowed in the case of A-amylose replacing the combinat ion of �b er
di�ra ction &m olecular modeling by atomic scale struc tural re�ne ment.
Micro beams are also very convenient for in-viv o studies of biological
processes like silk extru sion, for studying protein aggregation in mi-
cro
uid ic environm ents or for grazing-inci dence scatt ering (GISAXS)
studies on small sample areas. T he exampl es discussed in the review
wi ll show th e strong inte rdisci plina ry character of synchrotron radia-
tio n research.

CPP 11.11 Tue 17:45 H37
Mic ro-fo cus GISAXS In vest ig ati ons of Mic ro can tl ever Sen-
sors | � Jo ch en S. Gu tmann 1;2 , Yaju n Cheng 1 , Mine Memesa1 ,
Sebastia n Nett 1 , and R•ud iger Ber ger 1 | 1Max Planck Institu te
for Polymer Research, Ackermannweg 10, D-55128 Mainz, Germany
| 2 Instit ute for Physical Chemistry, Johannes Guten berg Univ ersity
Main z, Welderweg 11, D-55099 Mainz

Micro cant lever sensors (MC) are a versatile class of sensors, with the
potenti al for a high spatial int egration of very di�eren t analyte sen-
siti vit y into a single sensor unit. Polymeri c coatin gs on MC sensors
allow for a facile variat ion in analyte detection due the easeof func-
tio nal chemical modi�c ation of th e polymer layer. While homopolmyer
coating s are easily appl ied to the MC surface, polym er brushes extend
the use of MC sensor technology into liquid environm ents. [1,2] In
order to investigat e th e lat eral structures of the polymer layers on the
� m sized cant ilevers, we used a micro -focus set-up for X-ra y scatter ing
under grazing incidence (� -GI SAX S), at the BW4 beam lin e of th e
HASYL AB. [3] Th e structu ral inform ation obtain ed from the grazing
incidence scatterin g experiments is then used to separate the mechan-
ical sensing response of the MC sensor to its changes in struc ture and
surface energy.

[1] Bum bu G.-G., K ircher G., Wolkenhauer M., Berger R., Gut mann
J.S., Macr omol. Chem. Phys. 2004, 205 (13): 1713-1720 [2] J. Zhao,
R. Berger, J. S. Gutma nn, Applied Physics Letters, 89, 033110 (2006).
[3] M. Wolkenhauer, G.-G. Bum bu, Y. Cheng, S. V. Roth, J. S. Gut-
mann, Applied Physics Letters , 89, 054101 (2006).

CPP 11.12 Tue 18:00 H37
Polymer-bas ed nanocomp osit es investi gated wit h micr o-
GISAXS | � S.V . Roth 1 , A. Veligzh ani n1 , H. Wal ter 2 , R.
Domnick 3 , O. Leupold 1 , R. Gehr ke1 , and P. M •ul ler-Buschba um4

| 1HASYL AB at DE SY, Notk estr. 85, D-22607 Hamburg, Germany
| 2CSEM SA, Badenerstrasse 569, CH-8048 Z•urich, Switze rland |
3Ara-C oati ngs GmbH & Co. KG, Gundst r. 13, D-91056 Erlan gen,
Germany | 4TU M •unchen Physik Departm ent LS E13, James-Franck-
Str .1, D-85747 Garching, Germany

Polym er-based nanocomposites allow to combine the extraor dinary
features of the individu al materials formin g the nanocomposite. Es-
pecially the richness of polymer structu res in blend as well as block-
copolymer systems in thin �lm geometry gives rise to new classes of
nanocomposite materia ls. Annealing as a second step in nanocom-
posite preparation allows for furt her nanostruc turin g th e polymer �lm
ind ucing e.g. a de�ni te roughnessor particl e distribu tion . In our ap-
proach we combine th e richnessof the polymer structu re with a metal
coating [1,2]. Such polymer- based metal nanocomposites are widely
used in many optical and biotechnological applic ation s. As experi-
mental metho d to study such nanocomposites, we used microbeam
grazing incidence small-ang le x-ray scatte ring at the beamline BW4 of
HASYL AB (Ham bur g). Our results reveal th e dominatin g in 
ue nce
of th e polymer layer in th e stru ctur e of th is nanocomposite.

[1] S.V. Roth et al., Appl. Phys. Lett. 82, 1935 (2003)
[2] S.V. Roth et al., Appl. Phys. Lett. 88, 021910 (2006)
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CPP 7.1 Mon 16:00 Poster B
Elec tri c � eld e� ects on al ig nmen t of la mella r struct u r es in
dib lock cop olymer t h in � lms stu died by neu t ron scatt ering
| � Xiu li Jiang 1 , Thomas Gutberl et 2 , Mukul Gupt a2 , Thomas
Geue2 , and Thomas Thu rn-Albr ech t 1 | 1Departm ent of Physics,
Marti n-Luthe r-Univ ersity, Halle, Germany | 2Lab orato ry for Neutron
Scatter ing, ET H Z•urich & PSI, Villig en, Swit zerland

Self -assembled block copolymers have attra cted much att ention in re-
cent years for th eir potent ial use as nanostru cture templat es. In this
context, it is of interest t o control th e order and orientation of block
copolymer th in � lms by means of external electr ic �e lds. In order to
gain additi onal understandin g of t he alignment process, we stud ied
th e e�ec t of a weak electric �eld on a lamellar microphase struc ture
oriented perpendicu lar to th e electric � eld by neut ron di � use scatter-
ing in re
 ection geometr y. I t has been predi cted that t he electric � eld
ind uces perio dic structu ral undul ation s which lead to a disrup tion of
th e origi nal str uctu re and facilita te reorientati on to set in. In our ex-
periments on lamellar PS-PMMA block copolym ers th ese� eld-indu ced
undula tions were not observed. Rath er, already after preparation the
�lm s displayed a di�use intensity inte rprete d as corresponding to a
mosaic struc ture of domains with a typica l correlat ion length of about
1-2 � m. T his di�use inte nsit y increases aft er the applica tion of the
�e ld, even if th e � eld is to o weak to induce alignm ent. The lat eral
length scale of the mosaicity remains una� ected by the electric �e ld.

CPP 7.2 Mon 16:00 Poster B
Ex t ending t he p ossibilit ies of a K rat k y-Co mpac t- C amera by
use of focussin g m ulti layer X -ra y optic s | � Thomas Henze ,
Kla us Schr •ote r , and Thomas Th urn-Albr echt | Mart in-Luth er-
Univ ersit•at Halle-Witte nberg, Instit ut f•ur Physik, Polymerphysik

Th e use of focussing multil ayer x-ray opti cs in laborat ory x-ray equip-
ment o�ers the potential of a substanti al gain in pri mary beam inten-
sity witho ut a signi� cant loss of resoluti on. We present the result of a
refurb ishment of Kr atky-Com pact-Ca mera, a classical setup for small
angle x-ray scatteri ng on isotropi c samples, with an ellipti cally bent
focussing multi layer. Th e advantagesof the Krat ky collima tion system
are ease of alignment, high intensity and low background. A further
gain in in tensit y is highly desirable for time dependent experiments
as well as for measurements of weakly scatt ering samples. The per-
formance of th e revised setup is analyzed quant itativ ely by comparing
intensity and full width at half maximum of the prima ry beam, as well
as the min imal accessible scatte ring vector with the corresponding pa-
rameters of t he simple setup wit hout optics. A gain in in tensity of a
factor of 2 up to 10 is achieved, depending on the det ails of th e align-
ment . In additio n the multi layer produces a monochromatic beam.
First measurements on exemplary polymer systems are shown.

CPP 7.3 Mon 16:00 Poster B
Struct u ra l in vestigat ion of casein mic elles in thin �lms |
� E. Metw alli 1 , R. Gebhard t 1 , A. Tolka ch 2 , J.-F . Mo ul in 1 , V.
K •orstgens 1 , S.V . Roth 3 , R. Cubitt 4 , and P. M •ul ler-Buschba um1

| 1Physikdepart ment E13, TU M •unchen, 85747 Garching. | 2Chair
for Food Pro cess Engineering and Dairy Technology, TU M •unchen,
Weihenstephan | 3HASYL AB at DE SY, Hamburg | 4 Instit ut Laue-
Langevin, Grenoble, France

Casein micellar � lms on solid support s have interesting applicat ions in
labeling of glass containe rs and adhesion technology. Gaining struc-
tur al in formati on on these �l ms will help to optimiz e th e appropr iate
physical prop ert ies for the desired appl icati on. Casein micelles thin
�lm s were applied from aqueous solutio ns on pre-cleaned glass slides
by spin coating technique. Th e e�ect of tran sglutam inase enzyme con-
centra tion s on the th in �lm structu res was investigated using atomic
force microscopy (AFM) and grazing incidence small- angle X-ra y scat-
teri ng (GISAXS). The AFM images can only give informa tion on the
top surface structu re with low stati stical signi� cance. In cont rary ,
GI SAXS provid es inform ation on the in-pl ane structu res of the casein
thi n �lm with much higher statist ical signi�can ce. T he GISAXS data
on the thin �lm s were compared with those obtained by dynamic ligh t
scatterin g from the solut ion phase. Th e swelling behavior of some
selected casein � lms in deuterated water vapor was also investigated
using grazing incidencesmall-angle neutron scatt ering (GISANS). T he
results were discussed and compared wi th various proposed models on

the casein micelle stru ctu res.

CPP 7.4 Mon 16:00 Poster B
D ielec tri c and n eut ro n sp ect roscop y on nano -con�n ed li q-
uid crysta ls | Stef an Fr unza1 , Li gia Fr unza1 , � And reas
Schoenhals 2 , Mari a Ma yor ova 3 , Reiner Zorn 3 , and Bern-
hard Frick 4 | 1Natio nal Insti tute of Mate rials Physics, R-76900-
Bucharest-Ma gurele | 2Federal Instit ute for Mate rials Research and
Testing (BAM), | 3Research Center J•ulich, Instit ute for Solid State
Research, D-52425 J•ul ich | 4 Instit ut Max von Laue - Paul Langevin,
B.P. 156, F-38042 Grenoble

Th e li quid crystals E7 and 8CB are con�ned to th e nanopores of the
molecular sieve Al-MC M-41 with a mean diameter of th e pores of 2.5
nm. Dielectric spectroscopy shows th at for the con� ned system one re-
laxat ion processis observed. Its characteristic relaxatio n tim e is much
lower compared to th at of th e bulk. Th e temp eratu re dependence of
the relaxatio n time of thi s relaxatio n processshows some similar ities
to glassy dynamics. Moreover excess contrib ution s to th e vibratio nal
densitie s of state (Boson-Peak) were found by neut ron scatterin g us-
ing the tim e-of-
ig ht spectrometer IN4 at the ILL in Grenoble. T he
Boson- Peak is a characteristi c feature of glassy behaviou r. In addit ion
elastic scans are carried out at th e backscatterin g spectrome ter IN10
(IL L) T hese measurements show a signature for glass tran sitio n.

CPP 7.5 Mon 16:00 Poster B
In
 uen ce of spac er leng t h and den sit y on the ver tic al st ruc-
tures of sup p ort ed mem bra nes st udied by neutron r e
 ecti v i t y
| � Pet er Seitz 1 , Ol iver Pur r ucke r 2 , Anton F •or tig 3 , Rai mund
Gl eixner 4 , Gi ova nna Fra gneto 5 , Rai ner Jord an3 , and Mo t omu
Tana ka1;2 | 1Physikalisch-Chemisches Institu t, Univ ersit•at Heidel-
berg, Germany | 2Physik-De part ment E22, Technische Univ ersit•at
M •unchen, Germany | 3 Instit ut f•ur Technische Chemie, Technische
Univ ersit•at M •unchen, Germany | 4Max Planck Institu te of Bio chem-
istr y, Martin sried, Germany | 5 Instit ut Laue-Langevin, Grenoble,
France

We studied th e struct ure of a new class of polym er-supported mem-
branes, which are separated from th e solid substra te via poly(2- methyl-
2-oxazoline) spacers of de�ne d length , function alized wit h a surface
couplin g group and hydrop hobic membrane anchors. Th e proximal
lea
et was deposited via Langmuir-Bl odgett t ransfer, followed by vesi-
cle fusion to deposit the dist al layer. Precise control of the polymer
chain length and it s latera l density enables the quantitat ive adjustment
of the th icknessand the viscosit y of the polym er interlayer. Previou sly,
we measured th e membrane-substra te dist ance wi th 
uo rescence inter-
ference contrast microscopy (FL IC). To gain a deeper insight to the
vertical stru cture of the membrane, we conducted specular neutron re-

e ctivit y experiments under a systematic variation of the spacer length
and densit y, and calculated th e stat ic roughnessand the volum e frac-
tio n of water in the polymer interlayer.

CPP 7.6 Mon 16:00 Poster B
Forma tion of la tera l st ru ctures in thin diblo ck cop oly mer
�lms by v ap or tr eat men t | � Chr istine Papadak is1 , Pete r
�Cernoch 2 , Cha rles Dark o1 , Ezz Metw al li 1 , Pet r �St �ep�anek 2 ,
Detlef-M . Smil gies 3 , and Stephan V. Rot h4 | 1Physikdepart ment
E13, TU M •unchen, James-Franck-Str. 1, 85747 Garching | 2 Inst.
Macr omolecular Chemistr y, Prague, Czech Republic | 3Cornell Uni -
versity, Ithac a NY, USA | 4HASYL AB at DESY, Hamburg

Dib lock copolymers in th e melt spontan ously self-organize into meso-
scopically ordered structu res. In order to understand their response to
changesof th e environm ent, in-situ and real-tim e methods are of great
value. We have performed grazing-incid ence small-an gle X-ray scat-
teri ng (GISAXS) measurements on thin � lms of poly(4-o ctylst yrene-b-
butyl methacrylate ) (OB) and poly(4-octylstyrene-b-methyl methacry-
lat e) (OM) before and after vapor t reatm ent with di�ere nt solvents. In
the bulk, OB is lamellar, whereasOM forms connected stru ts [1]. T he
solvent qualit y and selectivit y were found to have a strong in
ue nce
on the inner �lm stru cture . Solvents whi ch are poor for one block and
good for the other block preferentially lead to th e format ion of lat eral
stru cture s. Tim e-resolved in-situ GISAXS measurements allowed us to
follow the form ation of lateral structures in th e vapor, givin g insight
into the t ime scales and the mechanisms involved.
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1. P. �Cernoch, P. �St�ep�an ek et al., Eur. Polym. J., accepted .
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Rec ent dev elopmen t s at B W 4 / HAS Y L A B | � A. Timman n,
S.V . Roth , R. Gehrke , S. Hu, F.-U. Dil l , M. Dommach , R.
D •ohrmann , and T. Schuber t | HASYLAB at DESY, Notk estr. 85,
D-22607 Hambur g, Germany

Th e beamline BW4 of HASYL AB, Hamburg (Germany), is a dedi-
cated mater ials science beamline [1]. T he main experimenta l tech-
niqu es used are tra nsmission small-angle x-ray scatteri ng (TSAXS)
and grazing- incid ence SAXS (GI SAXS). With the implementation of
th e microfocus optio n at BW4 scanning experiments have become pos-
sible [1]. A fter th e major refurbis hment of the beamline in 2004 and
2005, we focussedon upgrading and intro ducing necessary sample en-
viron ments. T his incl udes a new stretching cell allowing to draw �lm
shaped samples to elongation s up to 640mm with drawing velocities
from 0.1 up to 1200 mm/m in keeping the beam position on th e sample
�xed . Presentl y, several force sensors with a measuring range up to
500N are availab le now, which wi ll be upgraded to 1kN. For GISAXS,
a heating stage for polymeric samples has been commissioned. In-situ
sample observati on is now possible wi th a high-resolutio n video cam-
era. Based on recent experimental results, we present the upgraded
capabil ities of BW4.

[1] S.V. Roth et al., Rev. Sci. Instr. 77, 085106 (2006)

CPP 7.8 Mon 16:00 Poster B
Struct u re and chang es of t h in b lock cop olymer �lms during
vap or tr eat m ent | � zhenyu di1 , chr istine papadak is1 , dor the
possel t 2 , and detl ef-m smilgies 3 | 1Physikdepart ment E13, T U
M •unchen, 85747 Garchin g, Germany | 2 IMFUF A, Roskil de Univ er-
sity, D•anemark | 3CHESS, Cornell University, Ithac a NY, USA

Th e mesoscopic struct ures form ed by dib lock copolym ers in thi n �lm
geometry are interesting for a variet y of appli cations. However, self-
assembly leads to domain structures with domain walls and defects.
Vapor treatment has been shown to be an e�cie nt way to increase the
long-range order.

We have studied the structu ral changesin thin � lms of poly(st yrene-
b-buta diene) ( PS-PB) dib lock copolym ers and their kin etics during
vapor treatment. In this system, the initi al lamellar orientatio n (par-
allel or perpendicu lar) can be contro lled by the block copolymer mo-
lar mass [1]. We have investigated both in itial orientation s as well
as the in
 uence of the solvent select iv ity and the �lm th ickness. In-
situ grazing-incidence small-an gle x-ray scatte ring (GI SAX S) is ideally
suited because of its good t ime resoluti on (~sec) [2]. We found that in
additio n to swelling of the �lm s, lamellar reorientatio n tak es place on
the time scale of minu tes. Compl ex processesand tra nsient states were
encountered. In some cases, improved long-range order was achieved.

[1] P. Busch, D. Posselt, D.-M. Smil gies, C.M. Papadakis et al.
Macr omolecules 36, 8717 (2003) and Macro molecules, in press.

[2] D.-M. Smilgies, P. Busch, C.M. Papadakis, D. Posselt, Synchr.
Rad. News 15(5) , p. 35 (2002).

CPP 7.9 Mon 16:00 Poster B
Thin �lms of d iblo ck cop olym ers hav ing one crysta lli ne
blo ck | � cha rles Dark o1 , ezzeld in Metw all i1 , ioan Botiz 2 ,
g •unter Reiter 2 , dag w Br eiby 3 , step han v Roth 4 , detl ef-m
Smilgi es5 , and chr istine m Papadak is1 | 1Physikd epart ment E13,
TU M •unchen, James-Franck-St r. 1, D-85747 Garching | 2 Instit ut de
Chimie de Surfaces et In terfaces, CNRS, Mulh ouse, France | 3Niels
Bohr Institut e, University of Copenhagen, Denmark | 4Hasylab at
DESY, Hamburg | 5CHESS, Cornell University, I t haca NY, USA

In th in � lms of semicrystall ine diblo ck copolymers, th e �n al struc-
tur e formed depends on the competitio n between (i) the order-disorder
tra nsitio n of th e diblo ck copolymer, (ii) the crysta lliza tion of the crys-
tal lisable block, and (iii) th e vitri�ca tion of th e amorphous block. We
have studied lamellae-form ing poly(styrene-b-ethylene oxide) diblo ck
copolymers di�eri ng in molar mass. Combinin g grazing-incidence
small and wid e-angle X-ra y scatt ering with high-resolution grazing-
incidence X-ray di�ract ion, we obtain informat ion on the inn er struc-
tur es on a large range of length scales and can compare them to the
surface textur es from optica l and atom ic-force micro scopy. For the
lowest molar mass sample, we �nd that th e surface textures are di�er-
ent from the ones of poly(eth ylene oxide) homopolymer �l ms and th at,
dependin g on cryst alliza tion temp eratu re, con�ne d cryst alliz ation or
breakout occur.

CPP 7.10 Mon 16:00 Poster B

The mic rofo cus SAXS/ W AXS b eamli ne at P ETRA III /
D ESY | � S.V . Roth , R. D •ohrman n, H. Fr anz, R. Gehr ke, U.
Hah n, R. R•ohlsber ger , H. Schu l t e-Sch rep ping , N. Schwar z, and
E. We cker t | HASYL AB at DE SY, Notk estr. 85, D-22607 Ham-
burg, Germany

Amo ng the � rst beamlines to be buil t at PETRA III is the microfo-
cus small- and wide-angle x-ray scatte ring beamlin e � SAXS/ WAXS.
Th is beamlin e wi ll exploit t he excellent photon beam prop ert ies of the
low emitta nce source PETRA III to provide micro - and nanofocused
beams in dedicated end-st atio ns wit h ultr a-high intensity and resolu-
tio n in real and recipro cal space. Targeting at scanning investigat ions
at multip le length scales, the areas of research incl ude in-sit u experi-
ments as well as brilli ance demandin g novel methods lik e microbeam
grazing incidendence small-angle x-ray scatt ering (� GI SAXS) [1] and
microbeam SAXS tom ography [2]. T he current layout foreseesa large-
o�set double crysta l monochromator and compound refractiv e on-axis
optics for microfocusing. T he pro jected beam sizesfor routine user op-
eration range from 110nm-40� m. Th e design of t he beamline especially
allows for combinin g ultra small-angle x-ray scatt ering (USAXS) with
a micro focused beam (� USAXS). We will present th e present layout
of th e � SAXS/ WAXS beamline intro ducing the pro jected capabiliti es
of th is new micro- and nanofocus scatterin g beamlin e at PETRA II I.

[1] S.V. Roth et al., Ap pl. Phys. Lett. 88 (2006) 021910
[2] C.G. Schroer et al., App l. Phys. Lett. 88 (2006) 164102

CPP 7.11 Mon 16:00 Poster B
High Pr essure SA XS /W A XS usin g a D iamon d A nvil Cell
| � Ronald Gebhard t , Man f red Bur gh ammer , Mich ael Han-
flan d, Mo hamed Mezouar , and Chr istian Riek el | Euro pean
Synchrotron Radiati on Facilit y, B.P. 220, F-38043 Grenoble Cedex,
France

Th e possibilit y of using a diamond anvil cell for SAXS/W AXS stud-
ies on small con�n ed volumes has been explored at the ESRF ID13
beamline. As a demonstrati on experiment , single potato starch gran-
ules were pressurized up to 700 MP a at 20� C. In this pressure range
a two-phase process was proposed (1,2). Scannin g SAXS/W AXS ex-
periments were performed with an about 1 micron beam. A Raman
spectrometer was used to determine the pressure from the ruby 
 uo-
rescence. T he experimental setup is explained and �rst experimental
results are shown. 1) Svensson E., Eliasson A. C. (1995) Carb ohydrate
Research, 26, 171-176 2) Rub ens P., Heremans K. (2000) Biop olymers,
54, 524-530

CPP 7.12 Mon 16:00 Poster B
Sp in-Ec ho Neu t ro n Re
ec tivit y on Dib lock -C op olymer Films
| � Max N•ul le , Adr ian R•uhm, Mar to n Maj or , J�anos Ma jor , and
Helmut Dos ch | Max Planck Inst itut f•ur Meta llforschung, Heisen-
bergstr. 3, 70569 Stuttg art

SERGIS (Spin- Echo Resolved Grazi ng Incid ence neutr on Scatteri ng)
is a recently developed novel neutro n scatter ing techniqu e which we
employ at t he new neut ron/X-r ay re
ect ometer N-RE X+ at FR M II .
In contrast to conventiona l scatte ring metho ds, SERGIS measures the
lat eral stru cture and morphol ogy of surfaces and th in �lm systems in
real space. Th e spati al resolution is achieved by measuring the total
polar izati on of the scatte red beam, wit hout the usual need to collim ate
the beam in th e di rectio n of inte rest. T herefore SERGIS combin es a
high neutron 
u x with th e abili ty to characteri ze stru cture s from the
nanometer scale up into the micron range, and can thus yields novel in-
forma tion about both equil ibrium and time -dependent phenomena on
these length scales. As an example, we empl oy SERGIS to study mor-
phologies produced by dewetti ng phenomena in thin polymer � lms.
Th ese experiments are complemented by detailed atomic force mi-
croscopy investigation s. First results on thin diblock-copolymer � lms
wi ll be presented.

CPP 7.13 Mon 16:00 Poster B
Elli psometr ic Ligh t Scatte ring : The Sp ect roscop ic App roac h
| � Arne St ark 1 , And reas Erbe 2 , Kla us Tauer 1 , and Reinh ard
Sigel 1 | 1MPI of Coll oids and Interfaces,D-14476 Golm | 2 Instit ute
of Physics, Academia Sinica, Taiwan

We present � rst results obt ained by Spectroscopic Elli psometric Ligh t
Scatteri ng (SEL S). T he discussion is complemented by an analysis of
the general robustness of ELS against polydi spersity e�ects .

Ellipso metric light scatt ering is based on Mi e theory to analyze th e
scatterin g of polarized ligh t by suspended particle s in the collo idal
range. Similar to stand ard ellips ometry thi s technique has an enhanced
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sensitivit y to interface e� ects, allowin g to investigate e.g. (multi ple)
coating s on part icles or adsorbed surface layers.

First experimental results obt ained wit h a mult i-wavelength appara-
tu s are presented: augmenting the method to a spectroscopic technique
extends the resolut ion considerably. The camera detector allows a si-
mult aneous investigat ion of a range of scatterin g angles and speeds
up the measurements. Ligh t of di � erent wavelength s is selected by
interference �lter s from a mercury lamp. Th us, it is established exper-
imentally t hat coherence of the ligh t source is not required.

All ellipsometric methods yield rat ios of eigenvalues of the optic al
system under investigation . Consequently ELS exhib its an averaging
behavior t hat is distin ctly di�er ent from normal stati c ligh t scatter ing.
It is shown theoretic ally and experimentally tha t informa tion regard-
ing stru ctur al detail s of t he suspended partic les is robustly preserved
in the presence of moderate sample polydisp ersity.

CPP 7.14 Mon 16:00 Poster B
Polymer coat ed mic ro mec han ical can ti lev er arra ys |
� Sebastia n K. Nett 1;2 , Gunna r Kir ch er 1 , and Jo ch en S.
Gu tmann 1;2 | 1Max Planck Insti tute for Polym er Research, Ack-
ermannweg 10, D-55128 Mainz , Germany | 2 Instit ute for Physical
Chemistry , Johannes Gut enberg Uni versity, Jakob-Welder-W eg 10, D-
55099 Mainz

Funct ional layers can turn micro mechanical sensors consistin g of an
array of eight cantil evers into speci�c sensing systems for chemical
or biological applic ation s. We showed before th at tet hered polymers
are robust and sensitiv e for analy tes. To access individ ual cantile vers
inkjet prin ting is a versatile approach. Using the autom atic pip et-
tin g system, Nano-Plotte rTM (GeSiM) th e solutio n for tet herin g is ap-
pli ed contact less in small droplets di rectl y onto the cantile ver. Small
droplet s tend to evaporate in a few seconds. On the oth er hand an-
chorin g the molecules to the surface need some ti me due to kinet ic and
di�u sion processes. T herefore room temp erature Ioni c Liquid s which
have a negligible vapour pressure are incorp orated in the coating step.
Th e small geometry of th e canti lever (500 to 1000 � m length, 90 � m
width, 1 to 5 � m of thic kness) rises prob lems with the standard tech-
niqu es for characterisi ng th e funct ional layer. To overcome these char-
acterization probl ems, we used the � -focus option at the GISAXS Line
BW4 at th e HASYLA B in Hamburg for detailed studi es.

CPP 7.15 Mon 16:00 Poster B
In vest igat io n of lubric at io n in nat u r al jo int s by neutron
re
ec to met ry | � Thomas Ka l tofe n1 , Thomas Gutberlet 2 ,
Max imilia n Wol ff 3 , Rol and Steit z4 , and Reiner Dahi nt 1 |
1Angewandt e Physikalische Chemie, Universit•at Heidelberg | 2Paul-
Scherrer-Insti tut, Villig en, Schweiz | 3Experimenta lphysik IV -
Festk•orperphysik, Univ ersit•at Bochum | 4Hahn-Meitn er-Insti tut,
Berl in

Despite their high medical relevance, the princ iples of lubri cation in
natural joints are stil l unclear. I t is generally accepted, t hat the pres-
ence of hyaluron ic acid (HA), the main component of the synovial liq-
uid , plays an imp ort ant role for the low fri ction observed. Furt hermore,
it is assumed th at surface activ e li pids partic ipat e in th e lub ricat ion.
Using a model system of lipid bilayers deposited on a polyelectrolyte
(PE ) cushion and in contact with HA solut ion, we star ted to investi-
gate the e�ects of pressure and shear forces, as experienced by nat ural
join ts, on th e inte rnal struc ture of the SiO2 /PE / lipid /HA interface and
the bulk HA solut ion by neutron re
 ectometry (NR), complemented by
in situ ellipsometr y and quartz crystal microbalance (QCM-D ) mea-
surements. Only on posit ively charged polyelectrolyte surfaces, the
successful buil d-up of th e model system could be demonstrated . By
NR, the existence of an ir reversibly absorbed, highly hydrated HA
layer on top of the lipid membrane was proven. For shear rates above
2.5 min � 1 a swelling of t he HA layer has been observed. Pressure
dependent studi es are presently underway.

CPP 7.16 Mon 16:00 Poster B
In
 uen ce of degree of bra nch ing in LLD P E on its ph ysic al
pro p ert ies | � Stef an Fischer 1 , Dieter Mein har dt 2 , Bernh ard
Rieger 2 , and Ot hmar M ar ti 1 | 1 Instit ute of Experimental Physics,
Univ ersity of Ulm, 89069 Ulm , Germany | 2 Instit ute of Inorganic
Chemistry I I, Univ ersity of Ulm, 89069 Ulm , Germany

Novel metallo cene catalysts allow the polymerizati on of linear low den-
sity polyethylene (L LDPE ) wit h cont rolled molecular weight directl y
from ethylene with out t he need for (more expensive) higher alkanes
[1]. Th e in
ue nce of t he degree of branching and th e molecular weight
on th e physical properti eshas been analyzed with several methods, in-

cluding tensile tests, AFM (atom ic force microscopy), DSC (di�e rential
scannin g microscopy), WAXS (wi de angle x-ray scatterin g) and SAXS
(small angle x-ray scatteri ng). T he LLDPE samples have been com-
pared with commercially available high and low density polyeth ylenes
(HDPE and LDPE ). Th e results will be presented.

[1] Diete r Meinh ard, Marc us Wegner, Georgy Kipi ani, Andr ew Hear-
ley, Peter Reuter, Stefan Fischer, Ot hmar Marti and Bernhard Rieger;
JACS; submitt ed
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Mo del ling t he struct u r e of � l lers in r ubb er and their sma ll
angle scat teri ng | � Kla us Nusser , Gera ld Jo hann es Schneid er ,
and Dietmar G•oritz | Universit•at Regensburg, Univ ersit•atsstr. 31,
93053 Regensburg

Silicas are technical ly imp ortan t �lle rs for elastomers wit h respect to
several applic atio ns. In such a �lle r-rubb er system the mechanical
properties stron gly depend on the kind and the concentrati on of the
�ll er. Despite being cruciable for th e adjustm ent of high performance
materia ls, the exact correlatio n between the morphology of the � ller
and the related reinforc ement of the mat erial is stil l unknown.

An up-to- date constitu tiv e model suggests th at isotrop ic sili ca pr i-
mary partic les form fract al clusters, whi ch work as a basic unit for
larger cluster struct ures. Th is notio n was gained by the analysis of
small angle X-ra y scatt ering curves, which show regions of constant
slope in a log-log plot. However, conclusions from scatter ing curves
are not uni que. In order to examin e the assumptions made in con-
stit utiv e models, numerical investigation s were performed. Scatte ring
stru cture s were generated and their scatte ring curv es were calcula ted
by meansof a computer. In particu lar, the orig in of regions of constant
slope in log-log depicted scatteri ng curv es was investigated.

CPP 7.18 Mon 16:00 Poster B
Sid e chain cr y st all iza ti on in soft and rigid con�n emen t | � E.
Hempel 1 , H. Bud de2 , M. Ha hn2 , and M. Beiner 1 | 1Marti n-Luthe r-
Univ ersit•at Halle-Witte nberg, Institu t f•ur Physik, D-06099 Halle
(Saale), Germany | 2Fraunh ofer Pilo tanla genzentrum f•ur Polymer-
synthese und -verarb eitu ng, Value Park , Bau A74, D-06258 Schkopau,
Germany

Th e side chain crystalli zation of poly(n -octadecyl methacrylate)
[PODMA] under con� nement is stud ied in a series of microphase-
separated block copolymers containi ng PODMA cylin ders with diam-
eters in th e range 10-20nm. T he glass temp eratu re of the matrix is
systematic ally varied in the range 50...-30� C by choosing amorphous
poly(n- alkyl methacry lates) wit h th ree to eight alkyl carb ons per side
chain as second component of the block copolymer. Since the crys-
tal lizat ion temperature of the PODMA block is about 25� C crystal-
lization occurs either in a glassy or in a highl y viscous environ ment.
Th e in
u ence of t he matrix prop ert ies on crystalliz ation kinetics and
intern al stru ctur e of the PODMA domains is investigated by DSC and
X-ra y scatterin g. A central question of this study is whether or not
the block copolym er morphology is changing due to side chain cry stal-
lization in the POD M A domains under conditio ns where the matri x
materia l i s soft and chemically not to o di � erent from the crysta lliza ble
component .

CPP 7.19 Mon 16:00 Poster B
Rev ersi b le Tuning of B lo ck C op olymer Do mai n Spaci ngs via
Elec tri c F ields | � Kri sti n Schmid t 1 , Heik o Schober th 1 , Helmut
H•ansel 1 , Thomas W eiss2 , Vol ker Urba n3 , Alexa nder B •ok er 1 ,
and Geor g Kr ausch 1 | 1Lehrstu hl f•ur Physikali sche Chemie II , Uni-
versit•at Bayreut h, D-95440 Bayreuth , Germany | 2Europ ean Syn-
chrot ron Radiat ion Facili ty (ESRF) , F-38043 Grenoble, France |
3Oak Ridge Nat ional Lab (ORNL), Oak Ridge, TN 37831, USA

We investigate the in 
uen ce of electr ic �eld s on the domain spacing of
a lamellar formin g dib lock copolymer solutio n by ti me-resolved syn-
chrot ron small angle X-ra y scatterin g. As a model system we use
a polyst yrene-b-polyisoprene block copolymer dissolved in to luene or
tet rahydrofuran e. We �nd a signi�can t dependence of the character-
isti c spacing on the electric �eld strength . For lamellae align ed par-
allel to th e electric �el d direction we observe a decreasing lamellar
distance with increasing �e ld strength, while for perpendicu larly ori-
entat ed lamellae the domain size is increasing. We investigate the
in
 uence of th e electri c � eld strength , the degree of phase separat ion,
molecular weight, composition and the polari ty of th e solvent . Fur-
thermor e we monit or the relaxation kinetics and show the revesibilit y
of th e changes in domain spacing on appli cation and tu rn o� of the
electric �eld .
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CPP 7.20 Mon 16:00 Poster B
Scaling b ehavior of t he r eor ien tat ion k ineti cs and chang es
in the ph ase b ehavior of blo ck cop olym ers exp osed to elec-
tr ic � elds | � Heik o G. Schober t h1 , Kri sti n Schmidt 1 , Thomas
M. W eiss2 , Agur Sevin k 3 , And rei V. Zv elind ovsky 4 , Alexa n-
der B •ok er 1 , and Geor g Kra usch 1 | 1Lehrstu hl f•ur Physikali s-
che Chemie I I, Univ ersit •at Bayreuth , D-95440 Bayreuth, Germany |
2Europ ean Synchrotron Radiatio n Facili ty (ESRF), F-38043 Greno-
ble, France | 3Leiden Insti tute of Chemistry , Univ ersitei t Leiden, T he
Neth erlands | 4Departm ent of Physics, Astrono my & Mathe mat ics,
Univ ersity of Cent ral Lancashire, Preston PR1 2HE, United K ingdom

We have followed the reorientatio n kinetics of variou s block copolymer
solution s exposed to an externa l electri c DC � eld by tim e-resolved syn-
chrot ron small-angle X-ra y scatte ring (SAXS). T he characteristic t ime
constants foll ow a power law indicating that t he reorientati on is dri ven
by a decreasein electrosta tic energy. Moreover, t he observed exponent
suggests an activ ated process in line wit h the expectat ions for a nu-
cleatio n and growth process. Wh en properly scaled, the data collapse
onto a single master curve spanning several orders of magnit ude both
in reduced t ime and in reduced energy. Th e power law dependence
of th e rate of reorientation deriv ed from computer simulatio ns based
on dynam ic densit y functi onal theory (MesoDyn ) agrees well with the
experimental observation s. In additi on, we observe an in
u ence of the
electric �eld on th e order disorder temperature and phase separat ion
in our block copolymer solutions . For furthe r investigat ions we study
th is e�ect by birefring ence and SAXS.

CPP 7.21 Mon 16:00 Poster B
Ch ara cte risa tion of str uctural changes du ri ng deforma tion
and r elaxat ion of sem i -c ry stal line p oly mer s by SAXS |
� K onrad Schneider 1 and Pet er B •osecke 2 | 1Leibn iz-Insti tut f•ur
Polym erforschung Dresden, Hohe Str. 6, 01069 Dresden | 2Europ ean
Synchrotron Radia tion Facilit y (ESRF), BP 220, F38043 Grenoble,
France

Ti me resolved small angle x-ray scatteri ng using synchrot ron radiat ion
allows to follow up struc tural changes during deformation and relax-
ati on of semi-crysta lline polymers. On th e example of polypro pylene as
well as high-densit y polyeth ylene copolymers the changesof the struc-
tur e in the crystall ine and in th e amorphous domains were followed
during the th ree characteristic stages of the load-displacement curves:
Th e elasti c stage and the plastic range composed of th e stage of the
lowering load in the force-displacement- curve (yielding) and the strain
hardeni ng. It is found th at most rigorous changes are observed during
yield ing, whereas changes on a scale of second du ring relaxatio n are
more pronounced tha n during the loading steps.

CPP 7.22 Mon 16:00 Poster B
Up grades of t wo SANS di � r acto met ers at t he Munic h rea c-
tor FRM-I I | � Henric h Fr ielin gha us, Aurel Radu les cu, Pet er
Busch , Vit al y Pipich , Alexa nder Iof fe , Dietmar Schw ahn , and
Dieter Rich te r | Forschungszentrum J•uli ch GmbH, J•uli ch Centre
of Neut ron Science, D-52425 J•ulich

Poli tical decisions made th e J•ulich reactor FRJ -2 shut down, and the
high performan ce instr uments are moved to Muni ch now. Th e two
SANS di�rac tometers are tran sferred, and refurbis hed in a second step
in order to meet the world leading machines. Neut ron polarizat ion and
polar izati on analysis will be possible to study magnetic samples. Su-
permirrors and 3He �lt ers will be installed. Aspherical neutro n MgF 2
lensesaim at two goals: 10 to 20 tim eshigher inte nsit y and a resolut ion
of � Q = 10� 4 �A. T he lenses wi ll be cooled to min imiz e th e th ermal
di�u se scatterin g. A high resolution detector (� x = 0:5mm) allows to
collect t he high resolution scatt ering patte rns. To operate with high
resolutio n at �nit e Q a chopper placed behind the selector will reduce
the wavelength uncertai nty to 1% and better by a TOF analysis. T he
newly developed TiSANE mode will be possible: The neutron pulses
wi ll be trigg ered by a periodic external �el d at th e sample in concert
wi th the pro jected ti me-dependent scatt ering collect ed by th e detector.
We expect to resolve kinematic processes in th e range of 2� s to 5ms
and above. In thi s mode the Q-resolut ion typic ally is not improved.
Th e GISANS option allows to study th e lateral stru ctu re of thin � lms
in the range of 10 to 1000�A wit h a free depth resolution . Here we aim
at soft condensed matt er and magnetic � lms.

CPP 7.23 Mon 16:00 Poster B
Focusing-mir ro r ultra -sm all- ang le neu t ron scatte ring (US -
ANS) inst rum ent of Res ear ch Cen t re J •u l ich at FRM- 2 Re-
actor | Emmanuel Kentzi nger 1 , � Aurel Radul escu1;2 , Alexa n-

der Ioff e1;2 , Pete r -Paul Str onciwilk 1;2 , J•or g Stell brin k 1 , Di-
etmar Schw ahn 1 , Thomas Br •uckel 1;2 , and Dieter Richter 1;2 |
1 Instit ute for Solid State Research, Research Centr e J•ulich, 52425
J•ulich, Germany | 2J•ulich Centre for Neutro n Sciences (JCNS), Re-
search Centr e J•ulich, 52425 J•ulich, Germany

Biol ogical, colloidal and macromolecular samples presenti ng charac-
teri stic length scales from nanometer up to micron-scale are usually
investigat ed by combin ing USANS at double-cryst al di�rac tom eters
(DC D) and SANS at convention al pinho le cameras. In princi ple, the
Q-range of both classes of instr uments overlaps but the required in-
stru menta l sett ings push both techniques to their lim its, mainly due
to signal- to-n oise level and the reduced 
 ux at sample posit ion. T he
KWS 3 USANS instrum ent of Research Centre J•ulich is the worldw ide
unique instrum ent runn ing on the prin ciple of a one-to-one image of
an entra nce aperture on a two-dimensional position sensitiv e detector
by neutro n re
e ction from a double-focusing toroida l mirro r. Th e in-
stru ment is just relocated at the FRM -2 reactor in Garchin g where
it wil l permit to perform SANS stud ies wit hin a Q-range between
4x10� 5 and 10� 3 �A � 1 wi th considerable advantages over the DCD
and convent ional SANS instrum ents. T he workin g pri ncipl e and re-
cent use of KWS3 in in vestigat ions of multisca le aggregates form ed by
poly(et hylene-butene) random copolymers in solutio n are reported.

CPP 7.24 Mon 16:00 Poster B
Mic rob eam GI SAX S investi gation of sol -gel templat ed
nano comp osi te � lm s | � J. Perlic h1 , M. Memesa2 , J.S.
Gu tm ann 2;3 , S.V . Roth 4 , and P. M •ul ler-Buschba um1 | 1TU
M •unchen, Physik-Depa rtme nt LS E13, James-Franck-St r. 1, D-85748
Garching (Germ any) | 2Max-Planc k Institut e for Polym er Research,
Ackermannweg 10, D-55128 Mai nz (Germ any) | 3 Instit ute for Physi-
cal Chemistry , Johannes Gute nberg University, Jakob-Welder-Weg 10,
D-55099 Main z (Germa ny) | 4HASYL AB at DESY, Notk estr. 85,
D-22603 Hamburg (Germa ny)

We focus on the creation of nanostru cture d T iO2 thin �lm s, whi ch are
of great interest for many applicat ions, due to their electrica l perfor-
mance. The performance is strong ly dependent on the morpho logy of
the nanocomposite �lm s. For the preparatio n of the Ti O2 nanocom-
posite �l ms we combine the amphil ic diblo ck-copolym er PS-b-PEO
wi th an inorganic sol-gel chemistry . Under th esecondit ions a so-called
good-poor-solvent pair induced phase separation leads to the form a-
tio n of the nanostructu res by �lm preparation via spin-coatin g. T he
di�er ent morphol ogies can be control led by the solvent concentrat ion.
In order to obta in cry stallin e T iO2 �lm s as th e � nal step calcinat ion
is conducted at higher temperature in air. For th e investigat ion of the
morpho logies of t he sol-gel templ ated nanocomposite �lms microbeam
grazing incidence small angle x-ray scattering (� GISAXS) is performed
at th e synchrotro n beamlin e BW4 of th e DE SY HASYL AB. T he in-
vestigat ion is complemented by surface and th in �lm sensitiv e probes.
We acknowledge � nancial support by the pro ject M U 1487/5-1 .

CPP 7.25 Mon 16:00 Poster B
The new J •ulic h Neutr on Spin Ec ho Sp ect rom eter J-NSE at
the FRM- II | � Ol af Holderer 1;2 , Mich ael Monkenbusch 1;2 ,
Reinh ard Sch•atz ler 1;2 , and Dieter Richt er 1;2 | 1J•ulich Cen-
tre for Neutron Science (JCNS), Forschungszentrum J•ulich GmbH,
D-52425 J•ulich, Germany | 2 Instit ut f•ur Festk•orperforschung,
Forschungszentrum J•ulich GmbH, D-52425 J•ulich, Germany

Neut ron spin echo (NSE) spectroscopy is a well-suited metho d for
studying the dynamics of soft matte r systems such as glasses, poly-
mers and complex li quids and paramagnetic properties of e.g. spin
glasses. T he J•ul ich NSE spectrom eter has been in operat ion at the
J•ulich research reactor FR J-2 since 1996. It has been t ransferred now
to the new research reactor FRM-I I of the T U M •unchen, where it is in
the comissioning phase and wil l contin ue with user service this year.
Th e J-NSE will operate at an neut ron guide end positio n, giving ac-
cess to the wavelength band of about 4.5 to 16 �A. New correctio n coils
have been designed and manufactured , allowing to use higher currents
in the main precession coils.

A larger neutr on guide exit of 60x60 mm, th e higher neut ron 
ux
and the better correctio n elements push the perform ance of the instru-
ment to fouriert imes � =1 ps to about 350 ns, with a q-range of q= 0.02
- 1.5 1/ �A.

CPP 7.26 Mon 16:00 Poster B
GISAXS stu dies on ti ta n ia ult rat h in � lms wit h di� eren t mor-
ph olo gies | yaju n chen g1 , markus wolke nhau er 1 , gin a bumbu1 ,
step han r ot h3 , jochen gut mann 1;2 , and � yaju n cheng 1 | 1Max
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Mond ay

Planck Institut e for Polymer Research, Ackermannweg 10, D-55128
Main z, Germany | 2 Instit ute for Physical Chemistry , Johannes
Guten berg Univ ersity, Welder Weg 11, D-55099 Mai nz | 3HASYL AB
at DE SY, Notk estr. 85, D-22603 Hamburg

Ultra thin Ti O2 �lm s showing rich morphologies are achieved by us-
ing sol-gel chemistr y coupled with an amphi phili c polyst yrene-block-
poly (ethylene oxide) (PS-b-PEO) dibl ock copolym er as a struct ure-
dir ecting agent. The block copolym er undergoes a good-poor-solvent
pair induced phase separation in a mixed solution of 1,4-dioxane,
concentra ted hydro chlori c acid (HCl) and T itani um tetraiso prop oxide
(T TIP ). By adjusting the weight fraction s of 1,4-dioxane, HCl, and
TT IP, inorganic-block-copolymer composite �lm s contai ning a variety
of di�ere nt morphologies are obta ined. T hrough calcin ation the amor-
phous Tit ania composite �l ms can be converted to crystall ine anatase
phase. Based on the local charact erization of AFM and SEM on the
various di�eren t morpho logies of th e � lm. Grazin g incid ence small
angle x-ray scatteri ng (GISAXS) is further conducted to study the
lat eral struc ture of the �lm over large length scale. As a complemen-
tar y method, x-ray re
e ctivit y experiment is made to investigate the
electron density gradi ent normal t o the substrate . As a result, the com-
bin atio n of local imaging charact erization and average x-r ay scatte ring
experiment provide a deep insight into th e structu re of th e �lm .

CPP 7.27 Mon 16:00 Poster B
Be itr ag abg esagt | � XXX XXX |

CPP 7.28 Mon 16:00 Poster B
Nano struct u r e evolution du r in g melti ng and orien ted crys-
ta lli zation of p oly pro py lene st udied by in -sit u SAX S |
� Ulri ch N•ochel 1 , Armand o Almend �ar ez Camaril lo 1 , No r ber t
Stri beck 1 , and Stephan Volkher Roth 2 | 1Univ ersity of Ham-
burg, Inst itute TMC, Hamburg, Germany | 2HASYL AB at DESY,
Hamburg, Germany

Polyp ropylene �lm wit h high uniaxia l ori entatio n and lamellar struc-
tur e is melt -annealed at temp erature s between 168� C and 175� C fol-
lowed by di�e rent cooling programs durin g which 2D SAXS pat terns
are contin uously taken in order to identify the mechanisms of crys-
tal lizat ion. Peculiar " cross-patt erns" observed dur ing the early stages
of cry stallisation clearly demonstrat e th e mechanism of "b uildi ng of
lamellae from blocks" as prop osed by Strobl. The evolut ion of the
pattern s under quiescent conditio ns shows that t he complementary
model of a "cro ss-hatched structu re" cannot be appl ied. 2D SAXS
data from various crystal lizat ion series[1] are evaluated by means of
th e CDF method[2] for a quantita tiv e descripti on of the crystall iza-
tio n mechanisms.

[1] Fibr. Text. EE (2005), 13(5) , 27-29
[2] J. Appl. Cryst. (2001), 34(4), 496-503

CPP 7.29 Mon 16:00 Poster B
Optic al d i�ra ct ion mea sur es the �lling of sup erh y dro pho bic
surfa ces. | � Helmut Rathg en and Frieder M ugele | Universit y
of Tw ente, Physics of Complex Fluid s, Postbus 217, 7500AE Enschede,
Th e Neth erlands

A hydro phobic surface with a periodic texture of period of order 1� m
is a superhydrop hobic surface and an opt ical grating at th e same ti me.
A drop deposited on such a superhydrophobic optica l gratin g can 
 oat
on the texture lik e a fakir (Cassie-Baxt er state) or it can penetrate the
textu re, soaking the grooves of t he grati ng complet ely (Wenzel state).
In the prio r case, micro meter size liquid- gas interfaces are form ed at
th e ri ms of t he grooves. T he di�ra ctiv e properties of the optica l grat-
ing (di�ra ction e� ciencies of all di�rac tion orders) now depend on
posit ion and curvature of these micro menisci. Realspace informat ion
can be obtai ned by comparing measured di � raction data to a theoret-
ical model based on Mult ilayer Rigor ous Coupled Wave An alysis. We
use this to investigate �llin g stat e and microscopic curvatur e at a su-
perhydrop hobic surface for a true water-vapor two phase system as a
funct ion of externa l pressure. We �nd : 1. Th e surfaces �ll (t ransit ion
from Cassie-Baxter to Wenzel state) at a critic al pressure th at depends
on geometry and hydro phobicit y in agreement with a predicti on based
on capil lary theory. 2. Fill ing cannot be reversed by decreasing the
external pressure to the vapor pressure. Our method is relevant as a
technique of optic al detection for a range of prob lems in micro - and
nano
u idic s, such as t racer free liqui d detecti on in nanochannels or
surface cavitia tion.

CPP 7.30 Mon 16:00 Poster B
Mic ro em ulsio n-P oly mer Syst ems Stud ied with Ela st ic and

Inelas tic Neu t ro n Scatter ing | � Tin ka Spehr 1;2 , Bernh ard
Fr ick 1 , and Bernd Stuehn 2 | 1 Instit ut Laue-Langevin, Grenoble,
France | 2 Instit ute of Solid State Physics, T U Darm stadt, Germany

We study a microemulsion consistin g of water, decane or to luene and
AOT formin g water-in-o il drop lets. Th e addi tion of amphiphil ic tri-
block copolymer leads to th e inte rconnection of the droplet s. We are
investigat ing th e struct ural and dynam ical behavior of th is model sys-
tem for a tra nsientl y link ed network wit h di�eren t neutro n scatte ring
techniques. Also th is system is used to realize soft con�n ement of the
water. Neutron Small Angl e Scatteri ng showed increasing ordering
of the droplet s upon polymer additi on. Measurements on pure mi-
croemulsions have been carri ed out on a time -of-
ig ht and a neutron
backscatterin g instrum ent to study the e�ect of spati al soft con� ne-
ment on water. Tw o di�ere nt drop let sizeshave been investigated (di-
ameters of about 3 and 10 nm) . Elastic scans from 315 K to 2 K showed
a deeper undercooling of the water con�ned in the small er drop lets. In-
elastic scans have been carried out at t emperatures between 300 K and
250 K . The dynamic structu re factor displays a complex shape clearly
deviating from one single Lorentzi an. T he combinat ion of spatial re-
stri ction and wall e�ects on th e dynam ics will be discussed. Neutron
Spin Echo can probe shape 
 uctu atio ns of t he dropl et shell [3]. We
investigat ed th e e�ect of polymer addit ion on the elastic properties of
the surfactant shells.

[2] J. Huang, S. Mil ner, B. Farago, D. Richter (1987), PRL 59, 2600

CPP 7.31 Mon 16:00 Poster B
W ater up ta ke and ex change kineti cs of p oly elect roly t e �lms:
A neutron r e
 ectometry st udy | � Regin e v. Klit zing 1 , Jo hn
Wong 1 , and Rol and Steitz 2 | 1TU Berlin, Stran ski-L aborato rium ,
Str a�e des 17. Juni 124, D-10623 Berlin | 2Hahn-Meitn er-Insti tut,
SF1, Glienicker Str. 100, D-14109 Berlin

Th e sequential layer{b y{ layer adsorptio n of polyanions and polyca-
tio ns to build polyelectr olyte mult ilayers has t riggered enormous in-
terest in their potential usesin a wid e range of �el ds, from photonic to
pharmaceutical applications . We will show that th e conformatio n of
the solvent swollen � lms { prior to dry ing { is determined by th e ini-
tia l adsorption conditio ns, but can be altered ex-situ by exposure to a
liquid phaseof very high ionic strength. Recently it has been observed
tha t the swelling depends on the charge of th e outermost layer. In the
PAH/PSS system we saw th at assembli es with PSS as th e outerm ost
layer swell more than those wit h PAH out side. A neutron re
ec tivit y
study of thi s e� ect in addition indicated th e existence of two kinds
of water, bound with di�er ent strength wit hin th e �lm s. Beside an
unexpected two-step kinetics of swelling, t he re
 ectivit y curves of the
layers against vacuum before and after re{h ydrat ion in D2O vapor did
not agree. It was only after subsequent re{h ydratio n in saturated H2O
vapor that the ini tial and �n al re
ect ivit y curves against vacuum su-
perimposed. We will discuss our �nd ings in the context of polyion
complex formati on, interdigitati on and �lm imperfecti ons.

CPP 7.32 Mon 16:00 Poster B
Ho r izon t al ToF- N eut ro n Re 
 ectometer REFS ANS at FRM
II Mun ich: Pote nt ial and F i rst Exp er imen t al R esults
| � Reinh ard Kamp mann1 , Mar tin Haese-Seiller 1 , Valeri
Kud r yashov1 , Ber t Nic kel 2 , Pete r M •ul ler-Buschba um4 , Chr is-
tin e Papadakis 4 , Wilhel m Fenzl 2 , And reas Schreyer 1 , Erich
Sackmann 3 , and Joach im R•ad ler 2 | 1GK SS-Forschungszentr um
Geesthacht GmbH, D-21502 Geesthacht, Germany | 2Departm ent
f•ur Physik, Ludwig-Maximil ians-Universit•at, D-80539 M •unchen, Ger-
many | 3Physik-De part ment E22, TU-M •unchen, D-85748 Garching,
Germany | 4Physik-De part ment E13, TU-M •unchen, D-85748 Garch-
ing, Germany

Th e re
 ectometer REFSANS allows to perform comprehensive anal-
yses of vertica l and later al surface and interface structures by means
of specular and o�-sp ecular neutro n re
 ectivit y as well as small-an gle
neutron scatterin g at grazing inci dence (GISANS). A ll measurements
can be performed on the air-w ater interface (horizonta lly aligned sam-
ple). REFSANS has been put into operation in 2005/06. Its perfor-
mance is demonstr ated by results of �rst re
 ectivit y as well as GISANS
measurements on nanostructu red polymer and metallic � lms. The po-
tenti al of th is novel instru ment for measuring weak o�-sp ecular scat-
teri ng, GI-SANS and ext remely low specular re
ec tivit y includi ng the
case of a strong ly incoherent ly scattering substrate is discussed.

Th is work has been supported by the German Federal Min istry
of Education, Research and Technology (BMBF) under contract s 03-
KA5F RM-1 and 03-KAE 8X-3.
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Bilateral Colloquium TUM- HASYLAB

The polymer-metal interface (Real-time observation of met al-on-polymer deposition
kinetics)

Tagunsort: TU München, Garching, Physics Department, roo m 3734
Datum: 25.09.2007, 10:00 am

Speaker: (30min)
10:00-10:30 C. Papadakis - Introduction to polymer �lms and surfaces
10:30-11:00 R. Röhlsberger - Introduction to metal �lms and interfaces
11:00-11:30 P. Müller-Buschbaum - Introduction to GISAXS
11:30-12:00 H. Graafsma - Detector developments at DESY
12:00-13:30 Lunch break
13:30-14:00 Schlage oder S. Couet - Sputtering technique
14:00-14:30 S.V. Roth - Metal polymer interfaces using � GISAXS at P3
14:30-15:00 E. Metwalli Ali - Structure formation of metals at patterned s urfaces
15:00-15:30 G. Kaune - Metal contact on polymer �lms for photovoltaic applic ations
15:30-16:00 Coffee break
16:00-16:30 W. Wang - Metal-hydrogel composites
16:30-17:00 A.Timmann - Outlook on future real time investigations at BW 4
17:00-17.30 R. Gehrke - Future sources
19:00 Dinner
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J.F. Moulin, S. V. Roth, P. Müller-Buschbaum
Flow at interfaces: A new device for x-ray surface scattering investigations
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�lm on top of �our-doped tin oxide layers
Phys.stat.sol (RRL) 1, 119-121 (2007)

P. Müller-Buschbaum, E. Bauer, E. Maurer, A. Nelson, R. Cubitt
In-situ neutron re�ectometry probing competitive swelling and de-swelling of thin polystyrene
�lms
Phys.stat.sol (RRL) 1, R68-R70 (2007)

P. Müller-Buschbaum, E. Bauer, E. Maurer, S. V. Roth, R. Gehrke, M. Burghammer
Large-scale and local-scale structures in polymer-blend �lms: agrazing-incidence ultra-small-
angle X-ray scattering and sub-microbeam grazing-incidence small-angle X-ray scattering in-
vestigation
J. Appl. Cryst., 40, S341-S345 (2007)

P. Müller-Buschbaum, R. Gebhardt, S. V. Roth, E. Metwalli, W. Doster
Effect of calcium concentration on the structure of casein micelles in thin �lms
Biophys. J., 93, 960-968 (2007)

P. Müller-Buschbaum, T. Ittner, E. Maurer, V. Körstgens, W . Petry
Pressure-sensitive adhesive blend �lms for low-tack applications
Macromol. Mater. Eng., 292, 825-834 (2007)

J. Neuhaus, W. Petry
Forschungsneutronenquelle Heinz Maier-Leibnitz (FRM II)
Neutron News 18, 2, 13 - 15 (2007)

C.M. Papadakis, R. Ivanova, K. Lüdtke, K. Mortensen, P.K. Pranzas, R. Jordan
Micellar Structure of Amphiphilic Poly(2-Oxazoline) DiblockCopolymers
J. Appl. Cryst. 40, s361 (2007)

J. Perlich, L. Schulz, M.M. Abul Kashem, Y.-J. Cheng, M. Memesa, J.S. Gutmann, S.V.
Roth, P. Müller-Buschbaum
Modi�cation of the morphology of P(S-b-EO) templated thin TiO2 �lms by swelling with PS
homopolymer
Langmuir 23, 10299-10306 (2007)

W. Petry, J. Neuhaus
Neutronen nach Maß
Physik-Journal 6/7, 31-37 (2007)

V. V. Ponkratov, J. Wiedersich, J. Friedrich, J. M. Vanderkooi
Experiments with proteins at low temperature: What do we learn on properties in their functional
state?
J. Chem. Phys., 126, 166104 (2007)

I. I. Potemkin, P. Busch, D.-M. Smilgies, D. Posselt, C.M. Papadakis
Effect of the Molecular Weight of AB Diblock Copolymers on the Lamellar Orientation in Thin
Films: Theory and Experiment
Macromol. Rapid Commun. 28, 579 (2007)

S. Rajagopalan, T. Asthalter, V. Rabe, U. van Bürck, F. E. Wagner. S. Laschat
Mössbauer spectroscopy and nuclear inelastic scattering studies on polynuclear oxo-bridged iron
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catalysts - �rst results
Hyper�ne Interactions, in print 2007

A. Röhrmoser, W. Petry, C. Jarousse, J. Falgoux, A. Chabre,P. Lemoine
Results of UMO dispersive fuel plates irradiations for FRM II
Proceedings of IGORR - RRFM 2007, March 11 - 15, 2007, Lyon, France

A. Röhrmoser, W. Petry, P. Boulcourt, A. Chabre, S. Dubois, P. Lemoine, Ch. Jarousse,
J.L. Falgoux
Status of UMo full size plates irradiation program IRIS-TUM
Proceedings of the RRFM - IGORR 2007, March 11 - 15, 2007, Lyon –, 8

S. V. Roth, T. Autenrieth, G. Grübel, C. Riekel, M. Burghammer, R. Hengstler, L. Schulz,
P. Müller-Buschbaum
In situ observation of nanoparticle ordering at the air-water-substrate boundary in colloidal
solutions using x-ray nanobeams
Applied Physics Letters 91, 091915 (2007)

S. V. Roth, P. Müller-Buschbaum, A. Timmann, J. Perlich, R.Gehrke
Structural changes in gradient colloidal thin gold �lms deposited from aqueous solution
J. Appl. Cryst. 40, S346-S349 (2007)

W. Schirmacher, G. Ruocco, T. Scopigno
Acoustic attenuation in glasses and its relation with the boson peak
Phys. Rev. Lett. 98, 025501 (2007)

I. Sergueev, A.I. Chumakov, T.H. Deschaux Beaume-Dang, R. R̈uffer, C. Strohm, U. van
Bürck
Nuclear forward scatttering for high energy Mössbauer transitions
Phys. Rev. Lett. 99, 097601 (2007)

G.V. Smirnov, U. van Bürck, J. Arthur, G.S. Brown, A.I. Chum akov, A.Q.R. Baron, W.
Petry, S.L. Ruby
Currents and �elds reveal the propagation of nuclear polaritons through a resonant target
Phys. Rev. A 76, 043811 (2007)

C. Smuda, G. Gemmecker, T. Unruh
Quasi-elastic and inelastic neutron scattering study of methyl group rotation in solid and liquid
penta�uoroanisole and penta�uorotoluene
J. Phys. Chem. submitted

M. M. Somoza, J. Wiedersich, J. Friedrich
Protein elasticity determined by pressure tuning of the tyrosine residue of ubiquitin
J. Chem. Phys., 127, 095102, (2007)

T. Unruh, A. Meyer, J. Neuhaus, W. Petry, W.
The Time-of-�ight Spectrometer TOFTOF
Neutron News 18, 22 - 24 (2007)

T. Unruh, J. Neuhaus, W. Petry
The high-resolution time-of-�ight spectrometer TOFTOF
Nuclear Instruments and Methods in Physics Research A 580, 1414-1422 (2007)
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F.M. Wagner, P. Kneschaurek, S. Kampfer, A. Kastenmüller, B. Loeper-Kabasakal, W.
Waschkowski, H. Breitkreutz, A. Röhrmoser, W. Petry
The Munich Fission Neutron Therapy Facility MEDAPP at FRM II
Radiotherapy and Oncology (2007)

J. Wiedersich, S. Köhler, A. Skerra, J. Friedrich
Temperature and pressure dependence of thermodynamic protein stability: the engineered
�uorescein-binding lipocalin FluA shows an elliptic phase diagram
Proc. Natl. Acad. Sci. USA, submitted

9.2 Talks given by members of E13

M. M. Abul Kashem, J. Perlich, L. Schulz, S. V. Roth, P. Müller-Buschbaum
Investigation of structures in diblock copolymer �lm containingmagnetic nanoparticles
DPG Frühjahrstagung, Regensburg, March 2007

M. M. Abul Kashem, J. Perlich, L. Schulz, S. V. Roth, P. Müller-Buschbaum
Correlated roughness in polymer �lm containing magnetic nanoparticles
2007 NSTI Nanotechnology and Trade Show (Nanotech 2007), Santa Clara, USA, May
2007

M. M. Abul Kashem, J. Perlich, L. Schulz, S. V. Roth, P. Müller-Buschbaum
Magnetic nanoparticles in supported polymer structure
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

S. Busch, W. Doster, S. Longeville, V. Garcia Sakai, T. Unruh
Microscopic protein diffusion at high concentration
DPG Frühjahrstagung, Regensburg, March 2007

C. Darko, C.M. Papadakis
Thin �lms of crystalline diblock copolymers: studied by GISAXS and GIWAXS
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

Z. Di, C.M. Papadakis
Structural changes of thin block copolymer �lms in solvent vapor
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

W. Doster
Picosecond dynamics of proteins and function
Workshop Proteins at Work, Perugia, Italy, June 2007

W. Doster
The new Munich neutron source FRM2: Overview and biological applications
Summer School, Nuclear Physics Methods and Accelerators in Biology and Medicine,
Prague, July 2007

W. Doster
Neutron scattering applications to biology
Summer School, Nuclear Physics Methods and Accelerators in Biology and Medicine,
Prague, July 2007
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W. Doster
Protein diffusion in concentrated solutions and biological cells
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

W. Doster
Neutron scattering analysis of protein dynamics
International Workshop, Light-induced Dynamcis of Proteins, Freising, October 2007

W. Doster
Wie erzeugt man Energie? Physik kompakt für Anfänger
Wissenschaftsnacht Garching, 13.10. 2007

A. M. Gaspar, W. Doster, M.-S. Appavou, S. Busch, M. Diehl, W. Haeussler, R. Georgii,
S. Masalovich
Using polarization analysis to separate the coherent and incoherent scattering from protein sam-
ples
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

J. S. Gutmann, P. Müller-Buschbaum,
Hierarchisch strukturierte Filme aus selbstkapselnden anorganisch-organischen Hybridmateri-
alien
DFG Schwerpunktbegutachtung SPP1181, NANOMAT, Darmstadt, July 2007

R. Ivanova
Micellar hydrogels of poly(2-oxazoline) copolymers containing �uorophilic, hydrophilic and
lipophilic blocks
DPG Frühjahrstagung, Regensburg, March 2007

R. Ivanova
Multicompartment polymer hydrogels studied using SANS
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

C. Jarousse, P. Lemoine, P. Boulcourt, A. Röhrmoser, W. Petry
Monolithic UMO full size prototype plates for IRIS V irradiation
IGORR - RRFM 2007, Lyon, France, March 2007

R. Jungwirth, N. Wieschalla, W. Schmid, W. Petry, Chr. P�eid erer
Thermal conductivity of heavy-ion-bombarded U-Mo/Al dispersion fuel
RRFM conference 2007, Lyon, France, March 2007

G. Kaune
GISAXS characterisation of gold deposition on composite �lms for photovoltaics
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

G. Kaune
Metal contact on polymer �lms for photovoltaic applications
Bilateral colloquium TUM-HASYLAB: The polymer-metal interface, Garching, Septem-
ber 2007

G. Kaune, J. Perlich, M. Memesa, S. V. Roth, J. S. Gutmann, P. Müller-Buschbaum
Creating nano-structured �lms from self-encapsulated inorganic-organic hybrid materials
International Soft Matter Conference 2007, Aachen, October 2007
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G. Kaune
Anorganische-organische Hybridmaterialien - Neue Lösungen für die Photovoltaik
Seminar ”Struktur und Eigenschaften kondensierter Materie”, TU Chemnitz, November
2007

A. Kulkarni, K. Troll, C.M. Papadakis
Stimuli-sensitive self-organizing polymeric hydrogels
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

A. Kulkarni
SAXS investigation of stimuli-sensitive block copolymer micelles
Workshop of the SPP 1259 'Intelligent Hydrogele', Berlin, October 2007

T. Mehaddene
Inelastic neutron scattering in Ni2MnGa shape memory alloys
DPG Frühjahrstagung, Regensburg, March 2007

T. Mehaddene
Phonon investigations in the austenitic and martensitic phases of NiMnGa
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

T. Mehaddene
Lattice dynamics in Ni- and Cu-based shape memory alloys from inelastic neutron scattering
(Invited Talk)
EUROMAT 2007, Nürnberg, September 2007

T. Mehaddene
Dynamical properties of magnetic NiMnGa and NiMnSn shape memory alloys
Klausur DFG-Schwerpunktprogramm 1239, Wessling, September 2007

E. Metwalli, J.-F. Moulin, P. Müller-Buschbaum
Structural characterization of copolymer thin �lms using TOF-GISANS at REFSANS
REFSANS workshop, Garching, 16.03.2007

E. Metwalli
Aminosilane treated glass substrates for DNA microarrays
6th International Symposium on Silane and other Coupling Agents, University of Cincin-
nati, Ohio, USA, June 2007

E. Metwalli, V. Körstgens, P. Müller-Buschbaum
Evaluation of interfacial adhesion between a model pressuresensitive adhesive and chemically
modi�ed surfaces using the probe tack method
6th International Symposium on Polymer Surface Modi�catio n, University of Cincinnati,
Ohio, USA, June 2007

E. Metwalli, P. Müller-Buschbaum
Nanopattering of gold particles using a polymer template: in-situ GISAXS study
Bilateral Colloquium, TUM - HASYLAB: The polymer-metal interface, Garching,
25.09.2007

E. Metwalli, J.-F. Moulin, M. Rauscher, P. Müller-Buschbaum
Structural investigation of diblock copolymer thin �lms using TOF-GISANS at REFSANS
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007
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E. Metwalli, J.-F. Moulin, . Müller-Buschbaum,
Structural characterization of polystyrene-block-polyisoprene diblock copolymer thin �lms with
TOF- GISANS at REFSANS
REFSANS workshop, Garching, 16.03.2007

J.-F. Moulin, P. Müller-Buschbaum
A scattering approach to �uidics
Meeting of the SPP 1164 Nano- and Micro�uidics, Bad Honnef, A ugust 2007

P. Müller-Buschbaum
Probing long-ranged correlations with high resolution GIUSAXS
Satellite meeting - status and perspectives of SAXS/WAXS/GISAXS, Hamburg,
25.01.2007

P. Müller-Buschbaum,
Exploring local structures with micro- and nano-beams (Keynote Lecture
ESRF Users' Meeting, Grenoble, France, February 2007

P. Müller-Buschbaum
Pushing the limits of GISAXS - nanobeams and micro-length scales
2nd GISAXS workshop, HASYLAB at DESY, Hamburg, May 2007

P. Müller-Buschbaum
Nano-structured polymer �lms - relation between structure andfunction
Kolloquium der Montanuniversität Leoben, Österreich, 21.05.2007

P. Müller-Buschbaum
Development of instrumentation and methods for the investigation of surfaces and thin �lms
Kolloquium der TU Berlin, 01.06.2007

P. Müller-Buschbaum, M.M. Abul Kashem, L. Schulz, S.V. Roth, V. Lauter-Pasyuk, W.
Petry
Magnetic particles in supported polymer nano-structures
Seminar, Jülich Center of Neutron Science, Garching, 03.07.2007

P. Müller-Buschbaum, V. Körstgens
Probe tack with oscillations
Schwarzkopf, Hamburg, 09.07.2007

P. Müller-Buschbaum,
Structural investigation of thin polymer �lms with TOF-GISANS at REFSANS
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

P. Müller-Buschbaum, J. Perlich, M. Memesa, J. S. Gutmann
Creating nano-structured �lms from self-encapsulated inorganic-organic hybrid materials
EUROMAT 2007, Nürnberg, September 2007

P. Müller-Buschbaum, E. Metwalli, W. Wang
Film thickness dependence of water storage in thin hydrogel �lms
11th Dresden Polymer Discussion Meeting, Meissen, September 2007
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P. Müller-Buschbaum
Introduction into GISAXS
Bilateral colloquium TUM-HASYLAB: The polymer-metal interface, Garching,
25.09.2007

P. Müller-Buschbaum
Magnetic and structural properties of thin polymer �lms with embedded super-paramagnetic
 -
Fe203 nano-particles
Nanoworkshop - 3rd International Workshop on Polymer/Metal Nanocomposites, Kobe,
Japan, October 2007

P. Müller-Buschbaum
Probing lateral structures at interfaces with GISANS
Workshop on Neutron Scattering in Strongly Correlated Electron Systems, Garching,
October 2007

P. Müller-Buschbaum, V. Körstgens
Probe tack with oscillations
Diskussionstreffen ”Haftklebstoffe”, Düsseldorf, 29.10.2007

P. Müller-Buschbaum
Structural investigation of thin polymer �lms with TOF-GISANS at REFSANS
1st User Meeting of the FRM II, Garching, 30.10.2007

P. Müller-Buschbaum
Correlation between morphology and photophysical properties in photoactive polymer blend �lms
Gutachtertreffen zum SPP 1355 ”Elementary processes of Organic Photovoltaics”, Bad
Honnef, November 2007

P. Müller-Buschbaum
Correlation between structure and adhesive properties at the interface of a solid with a copolymer
melt
Gutachtertreffen zum SPP 1369 ”Polymer-Solid Contacts: Interfaces and Interphases”,
Bonn, November 2007

P. Müller-Buschbaum, V. Körstgens
Probe tack and hot melt PSAs
Diskussionstreffen ”Haftklebstoffe”, Düsseldorf, 10.12.2007

P. Müller-Buschbaum, V. Körstgens
Probe tack on casein �lms - some ideas
Diskussionstreffen ”Haftklebstoffe”, Düsseldorf, 10.12.2007

J. Neuhaus, W. Petry, T. Mehaddene
Magnetic, magnetoelastic and dynamical properties of martensitic Heusler alloys: phonon spec-
tra
Klausur DFG-Schwerpunktprogramm 1239, Wesseling/Bonn, September 2007

C.M. Papadakis
Structure and stability of thin block copolymer �lms
JCNS Seminar, Garching, 14.03.2007
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C.M. Papadakis
Nanostrukturierte Blockcopolymer�lme: Matrizen für die Nanotechnologie
18th Edgar-Lüscher-Seminar, Klosters, Switzerland, February 2007

C.M. Papadakis, P. Müller-Buschbaum, A. Laschewsky
Responsive selbstorganisierte polymere Hydrogele
Workshop of the SPP1259 'Intelligente Hydrogele', Aachen, 07.03.2007

C.M. Papadakis
Thin �lms of lamellar block copolymers
REFSANS workshop, Garching, 16.03.2007

C.M. Papadakis
Vom nanostrukturierten dünnen Film zum responsiven Hydrogel - Blockcopolymere, eine �exi-
ble Materialklasse
Festkörperkolloquium, Physikdepartment, TU München, 26.04.2007

C.M. Papadakis
Fluorescence correlation spectroscopy - a tool to investigate micelle formation
8th International Congress on Optical Particle Characterization, Graz, 09.07.2007

C.M. Papadakis
The inner structure of thin block copolymer �lms: GISAXS and NR
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

C.M. Papadakis
Thin block copolymer �lms - interaction of polymers with solids
Bilateral colloquium TUM-HASYLAB: The polymer-metal interface, Garching, Septem-
ber 2007

C.M. Papadakis
Fluorescence correlation spectroscopy (Tutorial)
Workshop of the SPP 1259 'Intelligente Hydrogele', Berlin, 04.10.2007

C.M. Papadakis
Distinct time regimes during vapor treatment of thin diblock copolymer �lms: a time-resolved
in-situ grazing-incivence SAXS study
The II Workshop on Applications of Synchrotron Light to Non-Crystalline Diffraction in
Materials and Life Sciences, Madrid, 15.10.2007

J. Perlich
Polymer nanocomposite �lms for photovoltaic applications
18th Edgar Lüscher Seminar, Klosters, Switzerland, February 2007

J. Perlich, M. Memesa, Y.-J. Cheng, J.S. Gutmann, P. Müller-Buschbaum
Investigation of sol-gel templated polymer nanocomposite �lms for photovoltaic applications
3rd International Workshop on Polymer/Metal Nanocomposites, Kobe, Japan, October
2007

W. Petry
Die Entwicklung hochdichter Brennstoffe für den FRM II
Vortrag im Bundesministerium für Bildung und Forschung (BMBF), Bonn, 07.03.2007
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W. Petry
Licht im Dunkeln - Neutronen für Forschung, Medizin und Industrie
Carl-Orff-Gymnasium Unterschleißheim in der Reihe: Faszination Physik, Spitzen-
forschung in und um München, 09.05.2007

W. Petry
Podiumsdiskussion - Die Verwendung von Nukleartechniken: Verfolgen Deutschland und
Frankreich die gleichen Ziele und Strategien?
Café Sciences et Culture - gemeinsame Veranstaltung des Bayerisch-Französischen
Hochschulzentrums und des Institut Français München, 10.05.2007

W. Petry
Podiumsdiskussion: Technologie- und Energiepolitik für Europa. Weitere Teilnehmer: Etienne
Klein (CEA), Prof. Dr. Detlev Ganten (Charité Berlin), Prof. Dr. Dr. h.c.F. Mayinger (LMU)
Sommeruniversität Bayerisch-Französisches Hochschulzentrum (BFHS), Frauenchiem-
see, 20.07.2007

W. Petry
The neutron source Heinz Maier-Leibnitz, a contribution by TUM to strengthen the European
research area
T.I.M.E. at TU München, 04.10.2007

W. Petry
Neutronen als Sonde für wissenschaftliche und industrielleAnwendungen
Neutronenstrahlen für angewandte Forschung im Bereich Materialentwicklung und
Werkstofftechnik - RWTH Aachen, 10.10.2007

W. Petry
Podiumsdiskussion - Klimawandel, nein danke!
Nuclear-Free Future Award - Symposium 2007, Salzburg

W. Petry
50 Jahre Neutronenforschung in Garching - und ihre Zukunft
Festveranstaltung: 50 Jahre Neutronenforschung in Garching, 31.10.2007

W. Petry
Kernenergie in Deutschland - vom Winde verweht?
Deutsche Bank Kapitalmarktforum - Investoren diskutieren mit Experten ”Deutschland
im Jahre 2020”, 07.11.2007

W. Petry
FRM II - A brilliant new neutron source for materials science
Institut für Materialphysik im Weltraum, DLR, Köln, 13.11.2007

W. Petry
Research at FRM II
5th European Winter School NESY 2007, Research with Neutron and Synchrotron Ra-
diation, Planneralm, Austria, March 2007

A. Röhrmoser, W. Petry, C. Jarousse, J. Falgoux, P. Boulcourt, A. Chabre, P. Lemoine
Results of UMO dispersive fuel plates irradiations for FRM II
IGORR - RRFM 2007, March 11-15, Lyon, France
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S.V. Roth, R. Gehrke, G. Jakopic, R. Röhlsberger, H. Walter, R. Domnick, M.M. Abul
Kashem, P. Müller-Buschbaum
Structure and morphology of nanostructured noble metal-polymer bilayers for optical applica-
tions
3rd International Workshop on Polymer/Metal Nanocomposites, Kobe, Japan, May 2007

S. V. Roth, A. Veligzhanin, G. Jakopic, H. Walter, R. Domnick , O. Leupold, M. Kuhlmann,
C. Schroer, B. Lengeler, R. Gehrke, M. M. Abul Kashem, P. Müller-Buschbaum,
Tailored polymer - metal nano-composites for optical applications
EUROMAT 2007, Nürnberg, September 2007

M. Ruderer
Characterisation of semi-conducting polymer blend thin �lms for photovoltaic applications
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

W. Schirmacher
Anomale Schwingungseigenschaften amorpher Festkörper
Seminar, Freie Universität Berlin, 12.01.2007

W. Schirmacher, B. Schmid, G. Ruocco, T. Scopigno
The boson peak: theory of scattering from vibrational excitations in disordered materials
DPG Frühjahrstagung, Regensburg, March 2007

W. Schirmacher
Spectral properties of disordered solids
Seminar, TU Eindhoven, 15.05.2007

W. Schirmacher
Sound waves in the presence of correlated disorder
International Conference on Interacting Disordered Systems, Marburg, August 2007

W. Schirmacher
Anomalous vibrational excitations in disordered materials
Seminar, DESY, Hamburg, 06.12.2007

W. Schirmacher
Magnetic properties of small magnetic particles
Seminar, DESY, Hamburg, 07.12.2007

L. Schulz, S. Vallopilly, J. Perlich, M. M. Abul Kashem, S. V. Roth, P. Müller-Buschbaum,
Magnetic and structural properties of thin polymer �lms with embedded superparamagnetic
 -
Fe203 nanoparticles
DPG Frühjahrstagung, Regensburg, March 2007

C. Smuda
Dynamics of medium-chain molecules in colloidal drug carrier systems by QENS and PFG-
NMR
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

S. Stüber, A. Meyer, T. Unruh
Quasielastic Neutron Scattering on Ni-Zr melts
DFG SPP ”Phase Transitions in Multicomponent Melts” meeting, Bad Honnef, March
2007
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S. Stüber, A. Meyer, D. Holland-Moritz, H. Hartmann, T. Unruh
Interplay of structure and dynamics in liquid and undercooled AlNi melts
DPG Frühjahrstagung, Regensburg, March 2007

S. Stüber, A. Meyer, D. Holland-Moritz, T. Unruh
Electromagnetic levitation for time-of-�ight spectroscopy
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

S. Stüber, A. Meyer, D. Holland-Moritz, T. Unruh
Electromagnetic levitation - dynamics of metallic melts
International Symposium on Time-Resolved Processes in Condensed Matter, Göttin-
gen, September 2007

S. Stüber
Electromagnetic levitation for quasielastic neutron scattering
Seminar, Institut für Materialphysik im Weltraum, Deutsches Zentrum für Luft- und
Raumfahrt, Köln, 09.10.2007

K. Troll
Stimuli-sensitive micelles from diblock copolymers (KeynoteLecture)
Workshop of the SPP 1259 'Intelligente Hydrogele', Berlin, 04.10.2007

U. van Bürck
Coherence in nuclear resonant scattering of synchrotron radiation
37th Winter Colloquium on the Physics of Quantum Electronics, Snowbird, Utah, USA,
05.01.2007

W. Wang
Characterization and swelling behavior of diblock copolymer thin hydrogel �lms
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

W. Wang
Characterization of hydrogel and metal-hydrogel composites
Bilateral colloquium TUM-HASYLAB: The polymer-metal interface, Garching,
25.09.2007

J. Wiedersich, V. Ponkratov, M. Somoza, J. Vanderkoi, J. Friedrich
Proteins under pressure: spectroscopic determination of compressibilities
DPG Frühjahrstagung, Regensburg, March 2007

F. Yang, A. Meyer, J. Kaplonski, T. Unruh
Hydrous silicates: structure and dynamics - a neutron scattering study
3rd FRM II workshop on neutron scattering, Rothenfels, July 2007

F. Yang, A. Meyer, T. Unruh, J. Kaplonski
In-situ study of dynamics in hydrous silicate melts with quasielastic neutron scattering
8th Silicate Melt Workshop, La Petite Pierre, October 2007
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9.3 Poster

M. M. Abul Kashem, J. Perlich, L. Schulz, S. V. Roth, P. Müller-Buschbaum
Nanostructures in ultra-thin diblock copolymer �lm containing magnetic nanoparticles
HASYLAB Users' Meeting, DESY, Hamburg, Germany, 26.01.2007

M. M. Abul Kashem, J. Perlich, L. Schulz, S. V. Roth, W. Petry, P. Müller-Buschbaum
Magnetic nanoparticles in supported polymer nanostructures
18th Edgar-Lüscher-Seminar, Klosters, Switzerland, February 2007

M. M. Abul Kashem, J. Perlich, L. Schulz, S. V. Roth, W. Petry, P. Müller-Buschbaum
Magnetic nanoparticles in supported polymer nanostructures
2nd GISAXS workshop, HASYLAB at DESY, Hamburg, May 2007

C. Darko, E. Metwalli, I. Botiz, G. Reiter, D.W. Breiby, S.V. Roth, C.M. Papadakis
Thin �lms of crystalline diblock copolymers
HASYLAB Users' Meeting, DESY, Hamburg, 26.01.2007

C. Darko, E. Metwalli, I. Botiz, G. Reiter, D.W. Breiby, S.V. Roth, C.M. Papadakis
Thin �lms of crystalline diblock copolymers
18th Edgar-Lüscher-Seminar, Klosters, Switzerland, February 2007

C. Darko, E. Metwalli, I. Botiz, G. Reiter, D. W. Breiby, S. V. Roth, D.-M. Smilgies, C.M.
Papadakis
Thin �lms of diblock copolymers having one crystalline block
DPG Frühjahrstagung, Regensburg, March 2007

C. Darko, I. Botiz, G. Reiter, D.W. Breiby, J.W. Andreasen, D.-M. Smilgies, S.V. Roth, C.M.
Papadakis
Thin �lms of crystalline diblock copolymers: structure and nano-pore formation
2nd GISAXS Workshop, HASYLAB at DESY, Hamburg, May 2007

Z. Di, C. M. Papadakis, D. Posselt, D.-M. Smilgies
Transient states during vapor treatment of thin block copolymer �lms
18th Edgar-Lüscher-Seminar, Klosters, Schwitzerland, February 2007

Z. Di, C.M. Papadakis, D. Posselt, D.-M. Smilgies
Structure and changes of thin block copolymer �lms during vapor treatment
DPG Frühjahrstagung, Regensburg, March 2007

Z. Di, C. M. Papadakis, D. Posselt, D.-M. Smilgies
Structure and changes of thin block copolymer �lms during vapor treatment
2nd GISAXS workshop, HASYLAB at DESY, Hamburg, May 2007

A. M. Gaspar, M.-S. Appavou, S. Busch, W. Doster
Neutron scattering studies on the dynamical structure of disordered proteins: the case of caseins
Proteins at Work 2007, Perugia, Italy, May 2007

A. M. Gaspar, M.-S. Appavou, S. Busch, W. Doster
Time-of-�ight neutron scattering studies on the dynamical structure of disordered proteins: the
case of caseins
4th European Conference on Neutron Scattering, Lund, Sweden, June 2007



160 PHYSIK -DEPARTMENT E13 ANNUAL REPORT 2007

R. Gebhardt, E. Metwalli, S. V. Roth, W. Doster, P. Müller-Bu schbaum
Effect of calcium concentration on the structure of casein micelles in thin �lms.
DPG Frühjahrstagung, Regensburg, March 2007

R. Jungwirth, N. Wieschalla, W. Schmid, W. Petry, Chr. P�eid erer
Thermal conductivity of heavy-ion-bombarded U-Mo/Al dispersion fuel
RRFM conference 2007, Lyon, France, March 2007

R. Kampmann, M. Haese-Seiller, V. Kudryashov, B. Nickel, P. Mü ller-Buschbaum, C.M.
Papadakis, W. Fenzl, A. Schreyer, E. Sackmann, J. Rädler
Horizontal ToF-Neutron re�ectometer REFSANS at FRM II Munich: potential and �rst exper-
imental results
DPG Frühjahrstagung, Regensburg, March 2007

G. Kaune, M. Ruderer, P. Müller-Buschbaum
Comparison between polymer-polymer and polymer-inorganic hybrid thin �lms for photovoltaic
applications
EUROMAT 2007, Nürnberg, September 2007

V. Körstgens, C.-C. Hsu, D. Paneque, E. Lorenz, P. Müller-Buschbaum
Characterization of colloids, polymer solutions and nanoparticles suspensions �ow by surface
sensitive scattering
DPG Frühjahrstagung, Regensburg, March 2007

T. Mehaddene, J. Neuhaus, W. Petry, K. Hradil, Ph. Bourges
Phonon measurements in magnetic shape memory alloys
1st User Meeting of the FRM II, Garching, 30.10.2007

T. Mehaddene, J. Neuhaus, W.Petry
Interplay of magnetism and vibrational degrees of freedom in magnetic shape memory alloys
Focus meeting of the SPP1239 “Magnetic �eld induced modi�ca tion of microstructure
and form of solid materials”, Ringberg, February 2007

M. Memesa, Y. Cheng, S. Nett, J. Perlich, P. Müller-Buschbaum, J. S. Gutmann
Integrated approaches in self assembled nanomaterials for photovoltaic applications
EUROMAT 2007, Nürnberg, September 2007

E. Metwalli, U. Slotta, C. Darko, S. Roth, T. Scheibel, C. Papadakis
Structural investigation of recombinant spider silk protein�lms
HASYLAB Users' Meeting, DESY, Hamburg, 26.01.2007

E. Metwalli, U. Slotta, C. Darko, S. Roth, T. Scheibel, C.M. Papadakis
Grazing-incidence X-ray scattering investigation on the structure of thin �lms of recombinant
spider silk proteins
DPG Frühjahrstagung, Regensburg, March 2007

E. Metwalli, R. Gebhardt, A. Tolkach, J.-F. Moulin, V. Körstg ens, S.V. Roth, R. Cubitt, P.
Müller-Buschbaum
Structural investigation of casein micelles in thin �lms
DPG Frühjahrstagung, Regensburg, March 2007
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E. Metwalli, R. Gebhardt, A. Tolkach, J.-F. Moulin, V. Körstg ens, S.V. Roth, R. Cubitt, P.
Müller-Buschbaum
Structural investigation of casein micelles in thin �lms
2nd GISAXS workshop, HASYLAB at DESY, Hamburg, May 2007

E. Metwalli, R. Gebhardt, A. Tolkach, J.-F. Moulin, V. Körstg ens, S.V. Roth, R. Cubitt, U.
Kulozik, P. Müller-Buschbaum
Water-vapor swelling response of thin casein �lms
International Soft Matter Conference, Aachen, Germany, October 2007

E. Metwalli, J.-F. Moulin, M. Rauscher, P. Müller-Buschbaum
Structual investigation of diblock copolymer thin �lms using TOF-GISANS
1st User Meeting of the FRM II, Garching, 30.10.2007

A. Meyer, S. Stüber, D. Holland-Moritz, O. Heinen, T. Unruh
Quasielastic neutron scattering on liquid Ni
1st User Meeting of the FRM II, Garching, 30.10.2007

J.-F. Moulin, P. Müller-Buschbaum
Surface scattering characterisation of colloid, polymer solutions and nanoparticle suspensions
�ow
DPG Frühjahrstagung, Regensburg, March 2007

J.-F. Moulin, S. V. Roth. and P. Müller-Buschbaum
Flows at interfaces : a scattering approach.
International Soft Matter Conference, Aachen, October 2007

J.-F. Moulin, S. V. Roth, P. Müller-Buschbaum
A �uidic setup for GISAXS investigations of �uid/solid interfaces under �ow.
HASYLAB Users' Meeting, DESY, Hamburg, 26.01.2007

J.-F. Moulin, P. Müller-Buschbaum, P. Uhlmann, M. Stamm
In-situ investigation of non-equilibrium �ow on gradient surfaces
HASYLAB Users' Meeting, DESY, Hamburg, 26.01.2007

J.-F. Moulin, V. Körstgens, E. Metwalli, W. Wang, S. V. Roth, P. Müller-Buschbaum
Structure of polymer coatings established for advanced quantum ef�ciency of photomultiplier
tubes
DPG Frühjahrstagung, Regensburg, March 2007

P. Müller-Buschbaum, S. V. Roth, R. Cubitt, M. Burghammer, C . Riekel
Probing thin polymer �lms: A comparative GISAXS and GISANS investigation
HASYLAB Users' Meeting, DESY, Hamburg, 26.01.2007

P. Müller-Buschbaum, E. Metwalli, J.-F. Moulin, R. Cubitt
Surface versus interface induced order in triblock copolymer �lmsinvestigated with GISANS
European Conference on Neutron Scattering (ECNS), Lund, Sweden, June 2007

P. Müller-Buschbaum
Correlation between morphology and photophysical properties in photoactive polymer blend �lms
Gutachtertreffen zum SPP 1355, Elementary Processes of Organic Photovoltaics, Bad
Honnef, November 2007
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P. Müller-Buschbaum
Correlation between structure and adhesive properties at the interface of a solid with a copolymer
melt
Gutachtertreffen zum SPP 1369, Polymer-Solid Contacts: Interfaces and Interphases,
Bonn, November 2007

C.M. Papadakis, P. �Cernoch, C. Darko, E. Metwalli, S.V. Roth
Effect of treatment with solvent vapor on the structure of thindiblock copolymer �lms
HASYLAB Users' Meeting, DESY, Hamburg, 26.01.2007

C.M. Papadakis, Z. Di, P. Busch, D. Posselt, D.-M. Smilgies
Intermediate states in thin block copolymer �lms during treatment with solvent vapor
Makromolekulares Kolloquium, Freiburg, 23.02.2007

C.M. Papadakis, P. �Cernoch, C. Darko, E. Metwalli, P. �St�epánek, D.-M. Smilgies, S. V.
Roth
Formation of lateral structures in thin diblock copolymer �lm byvapour treatment
DPG Frühjahrstagung, Regensburg, March 2007

C.M. Papadakis, Z. Di, E. Kentzinger, L. Willner, R. Kampmann, M. Haese-Seiller
Thin �lms of lamellar block copolymers studied by high-resolution neutron re�ectrometry and
GISANS
Workshop on Neutron Scattering in Strongly Correlated Electron Systems, Garching,
October 2007

C.M. Papadakis, Z. Di, E. Kentzinger, L. Willner, R. Kampmann, M. Haese-Seiller
TOF neutron re�ectometry and TOF GISANS from thin, lamellar diblock copolymer �lms
1st User Meeting of the FRM II, Garching, 30.10.2007

J. Perlich, M. Memesa, Y.-J. Cheng, J.S. Gutmann, S.V. Roth, P.Müller-Buschbaum
� GISAXS investigation of sol-gel templated nanocomposite �lms at beamline BW4
HASYLAB Users' Meeting, DESY, Hamburg, 26.01.2007

J. Perlich, M. Memesa, Y.-J. Cheng, J.S. Gutmann, S.V. Roth, P.Müller-Buschbaum
Microbeam GISAXS investigation of sol-gel templated nanocomposite �lms at beamline BW4
DPG Frühjahrstagung, Regensburg, March 2007

J. Perlich, M. Memesa, Y.-J. Cheng, J.S. Gutmann, S.V. Roth, P.Müller-Buschbaum
Microbeam GISAXS investigation of sol-gel templated nanocomposite �lms
2nd GISAXS Workshop, HASYLAB at DESY, Hamburg, May 2007

J. Perlich, M. Memesa, Y.-J. Cheng, J.S. Gutmann, S.V. Roth, P.Müller-Buschbaum
Characterization of nanostructured �lms of inorganic-organichybrid materials with X-ray scat-
tering under grazing incidence
EUROMAT 2007, Nürnberg, September 2007

J. Perlich, V. Körstgens, E. Metwalli, L. Schulz, R. Georgii, P. Müller-Buschbaum
Solvent content in thin spin-coated polymer �lms
1st User Meeting of the FRM II, Garching, 30.10.2007

T. Pöpperl, G. J. Schneider, P. Müller-Buschbaum, D. Göritz
Macroscopically thick silica-rubber systems investigated using GISAXS
DPG Frühjahrstagung, Regensburg, March 2007
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S. V. Roth, A. Veligzhanin, H. Walter, R. Domnick, O. Leupold , R. Gehrke, P. Müller-
Buschbaum
Polymer-based nanocomposites investigated with micro-GISAXS
DPG Frühjahrstagung, Regensburg, March 2007

M. Ruderer, J.-F. Moulin, P. Müller-Buschbaum
Thin polymer blend �lms of conducting homopolymers
DPG Frühjahrstagung, Regensburg, March 2007

M. Ruderer, G. Kaune, P. Müller-Buschbaum
Comparison between semi-conducting polymer-polymer and polymer-inorganic hybrid thin
�lms
EUROMAT 2007, Nürnberg, September 2007

B. Sandow, D. Brossell, O. Bleibaum, W. Schirmacher
Break-junction tunnel spectroscopy in the hopping regime
DPG Frühjahrstagung, Regensburg, March 2007

B. Schmid, W. Schirmacher
Theory of low-frequency Raman-spectroscopy in disordered solids
DPG Frühjahrstagung, Regensburg, March 2007

L. Schulz, S. Vallopilly, W. Schirmacher, S. V. Roth, R. Gehrke, M. Burghammer, C.
Rieker, J. Perlich, M. M. Abul-Kashem, P. Müller-Buschbaum
Structural and magnetic properties of polystyrene-b-polyisoprene copolymer �lms with embed-
ded
 -Fe2O3 nanoparticles
18. Edgar-Lüscher Seminar, Klosters, Switzerland, February 2007

L. Schulz, S. Vallopilly, W. Schirmacher, S. V. Roth, R. Gehrke, M. Burghammer, C.
Rieker, J. Perlich, M. M. Abul-Kashem, P. Müller-Buschbaum Structural and magnetic
properties of polystyrene-b-polyisoprene copolymer �lms with embedded
 -Fe2O3 nanoparticles
Workshop Nanostructured Anvanced Materials, IFW Dresden, May 2007

I. Sergueev, T. Asthalter, U. van Bürck, A.I. Chumakov, C. Strohm, R. Rüffer, G.V.
Smirnov, W. Petry
SRPAC: Basic features and �rst applications
37th Winter Colloquium on the Physics of Quantum Electronics, Snowbird, Utah, USA,
January 2007

I. Sergueev, T. Asthalter, U. van Bürck, A.I. Chumakov, C. Strohm, R. Rüffer, G.V.
Smirnov, W. Petry
SRPAC: Basic features and �rst applications
NRS/IXS Workshop for PETRA-III, September 2007

C. Smuda, S. Busch, A. Gaspar, J. Neuhaus, W. Petry, T. Unruh
Quasielastic and inelastic neutron scattering at the time-of-�ight spectrometer TOFTOF
1st User Meeting of the FRM II, Garching, 30.10.2007

S. Stüber, A. Meyer, D. Holland-Moritz, H. Hartmann, T. Unruh
Quasielastic neutron scattering on refractory Al-Ni melts
1st User Meeting of the FRM II, Garching, 30.10.2007
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F. Varnik, B. Wu, D. Raabe, P. Truman, P. Uhlmann, M. Stamm, J.-F. Moulin, P. Müller-
Buschbaum
Non-equilibrium �ow on gradient surfaces: Fluid kinetics of droplets and particle motion
Gutachtertreffen zum SPP 1164 Nano- & Micro�uidics, Bonn, D ecember 2007

W. Wang, P. Müller-Buschbaum
Preparation and characterization of thermo-responsive polymer thin �lms
HASYLAB Users' Meeting, DESY, Hamburg, 26.01.2007

W. Wang, J.-F. Moulin, J. Perlich, M. M. Abul Kashem, S.V. Roth, P.Müller-Buschbaum
Preparation and characterization of thermo-responsive polymer thin �lms
DPG Frühjahrstagung, Regensburg, March 2007

W. Wang, J.-F. Moulin, J. Perlich, M. M. Abul Kashem, S.V. Roth, P.Müller-Buschbaum
Preparation and characterization of thermo-responsive polymer thin �lms
2nd GISAXS Workshop, HASYLAB at DESY, Hamburg, May 2007

W. Wang, A. Laschewsky, P. Müller-Buschbaum
Preparation and characterization of nanocomposite �lms with switch effect
DPG Frühjahrstagung, Regensburg, March 2007

J. Wiedersich, S. Köhler, J. Friedrich, A. Skerra
Spectroscopy of protein denaturation: FluA reveals an elliptic phase diagram
DFG Symposium, Freising, October 2007

F. Yang, A. Meyer, T. Unruh, J. Kaplonski
In-situ quasielastic neutron scattering on hydrous silicatemelts
1st User Meeting of the FRM II, Garching, 30.10.2007

9.4 Invited talks at E13

Dr. Fathollah Varnik, MPI Düsseldorf
Lattice Boltzmann studies of liquid-vapor systems beyond equilibrium

Dr. Johannes Wiedersich, TU München (Weihenstephan)
”Optical spectroscopy of proteins: Thermodynamic stability and mechanical properties”

Dr. Jens Wenzel Andreasen, Risø National Laboratory
X-ray scattering at Risø

Prof. Friedrich Kremer, Universität Leipzig
Experimente mit einzelnen Polymeren und einzelnen Kolloiden

Nora Kristen, Technische Universität Berlin
Polyelectrolytes in Thin Films

Dr. Amit Kulkarni, Universität Potsdam
Enzymatic Degradation Studies of Polymers for Biomedical Applications
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Prof. Jens-Uwe Sommer, Institut für Polymerforschung Dre sden
Equilibrium of Polymer Crystals

Prof. Bernd Stühn, Technische Universität Darmstadt
Competition of Crystallization and Microphase Separation in Semicrystalline Con�nement

Alexander Diethert, Universität Regensburg
Numerical Analysis of a variational principle in discrete space-time

Robert Meier, Universität Ulm
Hole mobility of CdTe MEH-PPV �lm

Florian Selmaier, LMU München
Ultra-fast decay of the excited electronic state in a thin pentacen �lm

9.5 Funding

Deutsche Forschungsgemeinschaft:

Im Rahmen des SFB 533:
Lichtinduzierte Dynamik von Biopolymeren
Teilprojekt B11 ”Proteindynamik unter Hochdruck”
Leiter: Dr. Wolfgang Doster

Steigerung der Berechnungsgenauigkeit der Eigenspannungsverteilung im Aluminiumform-
guss mittels Neutronendiffraktometrie
Förderkennzeichen: PE 580/6-2
Leiter: Dr. Michael Hofmann

Untersuchung des Ein�usses der atomaren Dynamik auf Materietransport, Segregation und
Erstarrung mehrkomponentiger Schmelzen
Förderkennzeichen: ME 1958/2-2, Folgeprojekt ME 1958/2-3
Leiter: Prof. Winfried Petry

Inelastische Neutronenstreuung bei hohen Temperaturen undDrücken zur Aufklärung der
Lösungs- und Transportmechanismen von Wasser in wasserhaltigen Silikatschmelzen
Förderkennzeichen: ME 1658/8-2
Leiter: Prof. Winfried Petry

Im Rahmen des DFG priority program SPP 1164:
Non-equilibrium �ow at gradient surface: multi-component �uids
Förderkennzeichen: MU 1487/2-2
Leiter: Prof. Peter Müller-Buschbaum

Quellverhalten von dünnen Polymer�lmen: Struktur, Kinetik und Dynamik
Förderkennzeichen: MU 1487/4-1
Leiter: Prof. Peter Müller-Buschbaum
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Im Rahmen des DFG Schwerpunktprogramm SPP 1181:
Nanostrukturierte Filme aus selbstkapselnden anorganisch-organischen Hybridmaterialien
Förderkennzeichen: MU 1487/5-1
Leiter: Prof. Peter Müller-Buschbaum

Im Rahmen des DFG Schwerpunktprogramm SPP 1181:
Hierarchisch strukturierte Filme aus selbstkapselnden anorganisch-organischen Hybridmateria-
lien
Förderkennzeichen: MU 1487/5-2
Leiter: Prof. Peter Müller-Buschbaum

Ein�uss von Grenz�ächeneffekten auf die Adhäsion weicher Polymere
Förderkennezeichen: MU 1487/6-1
Leiter: Prof. Peter Müller-Buschbaum

Im Rahmen des DFG priority program SPP 1259:
Struktur und Kinetik stimuli-rexponsiver, dünner Hydrogel�lme aus amphiphilen Blockcopoly-
mern
Förderkennzeichen: MU 1487/8-1
Leiter: Prof. Peter Müller-Buschbaum

Magnetic, magnetoelastic and dynamical properties of martensitic Heusler alloys- Teilprojekt
Neuhaus
Förderkennzeichen: NE 1405/1-1
Leiter: Dr. Jürgen Neuhaus

Copenhagen Munich Center of Soft, Nanostuctured Material (CMC-SNN)
Incentive Fund for Research Collaborations between Technische Universität München
and the Danish Technical University
Leiter: Prof. Christine Papadakis, PD Dr. Rainer Jordan (Department Chemie, Techni-
sche Universität München), Prof. Martin E. Vigild (Depart ment of Chemical Enginee-
ring, Danish Technical University)

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

Thin Films of Crystalline Diblock Copolymers: Crystalline and Mesoscopic Structures and their
Macroscopic Alignment
Förderkennzeichen: PA 771/3-2
Leiter: Prof. Christine Papadakis

In the DFG Priority Program: SPP 1259 `Intelligente Hydroge le`:
Struktur und Kinetik stimuli-responsiver, dünner Hydrogel�lme aus amphiphilen Blockcopoly-
meren
Förderkennzeichen: PA 771/4-1
Leiter: Prof. Christine Papadakis
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Rolle der Mikrospannungen bei der Eigenspannungsanalyse mittels Neutronenbeugung in
mehrphasigen Hochleistungslegierungen
Förderkennzeichen: PE 580/7-1
Leiter: Prof. Winfried Petry

Bundesministerium für Bildung und Forschung:

Wechselwirkung von Polymermatrizen mit magnetischen Nanostrukturen und Studium der ma-
gnetischen Eigenschaften
Förderkennzeichen: 03DU03MU
Leiter: Prof. Peter Müller-Buschbaum

Entwicklung und Aufbau von muSISAXS am muSAXS/WAXS Instrument am Synchroton
PETRA III
Förderkennzeichen: 05KS7WO1
Leiter: Prof. Peter Müller-Buschbaum

ESRF: Methodische Entwicklungen zum SRPAC Spektrometer: Gestörte Winkelkorrelation mit
Synchrotronstrahlung
Förderkennzeichen: 05KS4WOC/3
Leiter: Prof. Winfried Petry

Others:

FuE-Vertrag mit der Henkel KGaA:
Konstruktion einer Messapparatur und Entwicklung einer Methode zur Bestimmung spezi�-
scher Haftklebeeigenschaften von Klebebändern
Leiter: Prof. Peter Müller-Buschbaum

Im Rahmen des Internationalen Graduiertenkollegs:
Material Science of Complex Interfaces
Magnetic particles in supported polymer structures
Leiter: Prof. Peter Müller-Buschbaum

Im Rahmen des Internationalen Graduiertenkollegs:
Material Science of Complex Interfaces
Strukturelle Änderungen in nanostrukturierten Blockcopolymer�lmen - Zeitaufgelöste in-situ-
Untersuchungen mit Röntgenkleinwinkelstreuung unter streifendem Einfall
Leiter: Prof. Christine Papadakis
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10 The chair

10.1 Graduations

Accomplished diploma thesis

Matthias Ruderer
Strukturierung von halbleitenden Polymer�lmen für die Anwendung in der Photovoltaik

Accomplished PhD thesis

Tarik Mehaddene
Interplay of structural instability and lattice dynamics in Ni2MnAl shape memory alloys

10.2 Staff

Chair: Univ.-Prof. Dr. Winfried Petry

Head: Univ.-Prof. Dr. Peter Müller-Buschbaum

Fellows
Dr. Ezzeldin Metwalli Ali
Dr. Marie-Soussai Appavou
PD Dr. Wolfgang Doster
Dr. Ana Gaspar
Dr. Rusha Ivanova
Dr. Volker Körstgens
Dr. Amit Kulkarni
Dr. Valeria Lauter-Passiouk (ILL)
Dr. Peter Link
Dr. Jean-François Moulin
Dr. Jürgen Neuhaus (FRM II)
Prof. Dr. Christine Papadakis
Prof. Dr. Walter Schirmacher
Dr. Cornelius Strohm
Dr. Tobias Unruh
Dr. Uwe van Bürck
Dr. Johannes Wiedersich

PhD students
Mottakin Abul Kashem
Sebastian Busch
Charles Darko
Zhenyu Di
Alexander Diethert
Christian Hesse
Gunar Kaune
Tarik Mehaddene
Andreas Meier-Koll
Jan Perlich
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Julia Repper
Christoph Smuda
Sebastian Stüber
Weinan Wang
Fan Yang

Diploma students
Christoph Geissinger
Stefan Guldin
Matthias Ruderer
Bernhard Schmid
Kordelia Troll

Bachelor students
Matthias Hirzinger

Students assistants
Stefan Aschauer
Katharina Diller
Jin Han
Jinming Lu
Steven Nyabero
Reinhard Roßner
Constantin Tomaras

Technical/administrative staff
Monika Antoniak
Ricarda Baumhoer
Joachim Dörbecker
Petra Douglas
Reinhold Funer
Lukas Hein
Raffael Jahrstorfer
Josef Kaplonski
Dieter Müller
Jandal Ringe
Cornelia Simon

10.3 Guests

Nora Kristen, Technische Universität Berlin (August 2007)
Prof. Dorthe Posselt, Roskilde University, Denmark (March a nd August 2007)
Prof. Dr. Gennadi Smirnov, Russian Research Center Kurchatov Institute, Russia
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