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Overview of Invited Talks and Sessions
(Lecture rooms: BAR 205, IFW A, IFW B, IFW D, and BAR Schön; Posters: P4)

Invited Talks

MM 1.1 Mon 9:30–10:00 BAR 205 Progress in understanding nanoscale plasticity using quantitative
in situ TEM — •Daniel Kiener

MM 12.1 Mon 15:00–15:30 BAR 205 Building Thermodynamic Models Made Easy: A Bayesian Com-
pressing Sensing Approach to Automatically Cluster-Expanding
1500 Alloy Systems — •Gus L. W. Hart, Lance J. Nelson, Conrad
W. Rosenbrock, Fei Zhou, Vidvuds Ozolins

MM 19.1 Tue 9:30–10:00 BAR 205 Size effects on ion transport and energy storage in nanomaterials
— •Joachim Maier

MM 29.1 Tue 15:00–15:30 BAR 205 Grain boundaries in metals: phase and structure transitions stud-
ied by tracer diffusion — •Sergiy Divinski

MM 35.1 Wed 9:30–10:00 BAR 205 From grain boundary premelting to liquid metal embrittlement: A
modelling perspective — •Robert Spatschek

MM 47.1 Thu 9:30–10:00 BAR 205 Coherent X-ray Diffraction Imaging of Excitations in Metal
Nanoparticles — •Ian Robinson

MM 57.1 Thu 15:00–15:30 BAR 205 Toward the development of Dy-free high coercivity Nd-Fe-B
permanent magnets — •Kazuhiro Hono, Hossein Sepehri-Amin,
Tadakatsu Ohkubo

MM 63.1 Fri 9:30–10:00 BAR 205 Water induced deformation of nanoporous materials — •Oskar
Paris

Sessions

MM 1.1–1.1 Mon 9:30–10:00 BAR 205 Invited Talk (Hauptvortrag) Kiener
MM 2.1–2.4 Mon 10:15–11:30 BAR 205 Topical Session: Nanomechanics of nanostructured mate-

rials and systems I - Grain size effects
MM 3.1–3.5 Mon 10:15–11:30 IFW A Functional Materials I - Energy storage
MM 4.1–4.5 Mon 10:15–11:30 IFW D Computational Materials Modelling I - High through-

put/Material discovery
MM 5.1–5.8 Mon 10:30–13:15 TRE Ma Focussed Session: Frontiers of Electronic Structure Theory

- Non-equilibrium Phenomena at the Nano-scale (O with
HL/TT/MM)

MM 6.1–6.4 Mon 10:15–11:15 IFW B Microstructure and Phase Transformations I - Martensitic
phase transformations

MM 7.1–7.7 Mon 10:45–12:30 POT 081 Energy materials: Water splitting, batteries, and superca-
pacitors (HL with MM/CPP)

MM 8.1–8.4 Mon 11:45–13:00 BAR 205 Topical Session: Nanomechanics of nanostructured mate-
rials and systems II - Thin films

MM 9.1–9.4 Mon 11:45–12:45 IFW A Functional Materials II - Oxides and Alloys
MM 10.1–10.6 Mon 11:45–13:15 IFW D Computational Materials Modelling II - Theory/Numerics
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MM 11.1–11.6 Mon 11:30–13:00 IFW B Microstructure and Phase Transformations II - Nucle-
ation/Solidification

MM 12.1–12.1 Mon 15:00–15:30 BAR 205 Invited Talk (Hauptvortrag) Hart
MM 13.1–13.6 Mon 15:45–17:45 BAR 205 Topical Session: Nanomechanics of nanostructured mate-

rials and systems III - Small scale plasticity
MM 14.1–14.6 Mon 15:45–17:15 IFW A Functional Materials III - Li ion batteries
MM 15.1–15.7 Mon 15:45–17:45 IFW D Computational Materials Modelling III - Bulk thermody-

namics/ Phase Transitions I
MM 16.1–16.6 Mon 15:45–17:15 IFW B Microstructure and Phase Transformations III - Precipi-

taion hardening/ Alloying elements
MM 17.1–17.10 Mon 16:00–18:45 TRE Ma Focussed Session: Frontiers of Electronic Structure Theory

- Non-equilibrium Phenomena at the Nano-scale II (O with
HL/TT/MM)

MM 18.1–18.39 Mon 18:00–20:00 P4 Poster Session
MM 19.1–19.1 Tue 9:30–10:00 BAR 205 Invited Talk (Hauptvortrag) Maier
MM 20.1–20.5 Tue 10:15–12:00 IFW A Topical Session: Nanomechanics of nanostructured mate-

rials and systems IV - Tribology/Composites
MM 21.1–21.4 Tue 10:15–11:30 BAR 205 Topical Session: Thermodynamics at the nano scale I -

Kinetics, nucleation, grain growth, segregation
MM 22.1–22.6 Tue 10:15–11:45 IFW B Mechanical properties I - Plastic deformation & fracture
MM 23.1–23.5 Tue 10:15–11:30 IFW D Electron Microscopy I - Nanomaterials
MM 24.1–24.9 Tue 10:30–13:15 TRE Ma Focussed Session: Frontiers of Electronic Structure Theory

- Non-equilibrium Phenomena at the Nano-scale III (O
with HL/TT/MM)

MM 25.1–25.4 Tue 11:45–13:00 BAR 205 Topical Session: Thermodynamics at the nano scale II -
Thermodynamics

MM 26.1–26.5 Tue 11:45–13:00 IFW D Computational Materials Modelling IV - Phase transitions
II

MM 27.1–27.5 Tue 11:45–13:00 IFW B Transport I - Materials/Methods
MM 28.1–28.5 Tue 12:00–13:15 IFW A Nanomaterials I - Synthesis of advanced nanostructures
MM 29.1–29.1 Tue 15:00–15:30 BAR 205 Invited Talk (Hauptvortrag) Divinski
MM 30.1–30.6 Tue 15:45–17:45 BAR 205 Topical Session: Thermodynamics at the nano scale III -

Novel experimental and theoretical approaches
MM 31.1–31.5 Tue 15:45–17:00 IFW D Mechanical properties II - Characterisation mechanics
MM 32.1–32.4 Tue 15:45–16:45 IFW B Transport II - Microstructure/Grain boundaries
MM 33.1–33.7 Tue 15:45–17:45 IFW A Nanomaterials II - Tubular nanostructures
MM 34.1–34.40 Tue 18:00–20:00 P4 Poster Session
MM 35.1–35.1 Wed 9:30–10:00 BAR 205 Invited Talk (Hauptvortrag) Spatschek
MM 36.1–36.4 Wed 10:15–11:45 BAR 205 Topical Session: Thermodynamics at the nano scale IV -

Electrochemistry and strain
MM 37.1–37.4 Wed 10:15–11:15 IFW D Computational Materials Modelling V - Point defects
MM 38.1–38.6 Wed 10:15–11:45 IFW B Structural materials
MM 39.1–39.5 Wed 10:15–11:30 IFW A Liquid and Amorphous Metals I - Shearbands
MM 40.1–40.10 Wed 10:30–13:15 TRE Ma Focussed Session: Frontiers of Electronic Structure The-

ory - Non-equilibrium Phenomena at the Nano-scale IV
(O with HL/TT/MM)

MM 41.1–41.6 Wed 11:30–13:00 IFW D Computational Materials Modelling VI - Dislocations
MM 42.1–42.4 Wed 12:00–13:00 IFW B Electron Microscopy II - Advances in characterisation
MM 43.1–43.5 Wed 11:45–13:00 IFW A Liquid and Amorphous Metals II - Mechanical properties
MM 44.1–44.5 Wed 15:15–19:00 BAR Schön Festsitzung zum 50jährigen Bestehen der AG MM / Cele-

brating the 50th anniversary of the AG MM
MM 45.1–45.11 Wed 16:00–19:15 TRE Ma Focussed Session: Frontiers of Electronic Structure Theory

- Non-equilibrium Phenomena at the Nano-scale V (O with
HL/TT/MM)

MM 46 Wed 19:00–20:00 BAR 205 Mitgliederversammlung des Fachverbands Metall- und Ma-
terialphysik

MM 47.1–47.1 Thu 9:30–10:00 BAR 205 Invited Talk (Hauptvortrag) Robinson
MM 48.1–48.5 Thu 10:15–11:30 BAR 205 Topical session: X-ray and neutron scattering in materials

science I - Coherent X-ray Diffraction Imaging of Excita-
tions in Metal Nanoparticles
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MM 49.1–49.6 Thu 10:15–11:45 IFW D Computational Materials Modelling VII - Grain bound-
aries & Interfaces

MM 50.1–50.7 Thu 10:15–12:00 IFW B Mechanical properties III - Evolution & deformation of
microstructure

MM 51.1–51.4 Thu 10:15–11:15 IFW A Liquid and Amorphous Metals III - Electronic properties
of amorphous alloys

MM 52.1–52.10 Thu 10:30–13:15 TRE Ma Focussed Session: Frontiers of Electronic Structure The-
ory - Non-equilibrium Phenomena at the Nano-scale VI
(O with HL/TT/MM)

MM 53.1–53.5 Thu 11:45–13:15 BAR 205 Topical session: X-ray and neutron scattering in materials
science II - Atomic migration studies ranging from neu-
trons to coherent X-rays

MM 54.1–54.4 Thu 12:00–13:00 IFW D Computational Materials Modelling VIII - Functional ma-
terials

MM 55.1–55.5 Thu 12:00–13:15 IFW B Nanomaterials III - Electronic, magnetic and optical prop-
erties

MM 56.1–56.6 Thu 11:30–13:00 IFW A Liquid and Amorphous Metals IV
MM 57.1–57.1 Thu 15:00–15:30 BAR 205 Invited Talk (Hauptvortrag) Hono
MM 58.1–58.5 Thu 15:45–17:15 BAR 205 Topical session: X-ray and neutron scattering in materials

science III - Real-time insights into fast heat treatment
processes using diffraction methods

MM 59.1–59.7 Thu 15:45–17:45 IFW D Computational Materials Modelling IX - Ferroelectrics
MM 60.1–60.5 Thu 15:45–17:00 IFW B Nanomaterials IV - Deformation and mechanical proper-

ties
MM 61.1–61.6 Thu 15:45–17:15 IFW A Liquid and Amorphous Metals V - Structure and structure

formation
MM 62.1–62.4 Thu 17:30–18:45 BAR 205 Topical session: X-ray and neutron scattering in materials

science IV - High Energy Single Grain Diffraction
MM 63.1–63.1 Fri 9:30–10:00 BAR 205 Invited Talk (Hauptvortrag) Paris
MM 64.1–64.4 Fri 10:15–11:30 BAR 205 Topical session: X-ray and neutron scattering in materi-

als science V - X-ray Nanodiffraction Characterization of
Inhomogeneous Structural and Mechanical Properties of
Thin Films

MM 65.1–65.4 Fri 11:45–13:00 BAR 205 Topical session: X-ray and neutron scattering in materials
science VI - Which orientations can we expect for elongated
particles in self-confined systems?

Topical session “X-ray and neutron scattering in materials science”

Organizers: Univ.-Prof. Dr. Oskar Paris (Montanuniversität Leoben), Prof. Dr. Martin Müller (Helmholtz-Zentrum
Geesthacht)

X-ray and neutron scattering methods have been well-established and inevitable tools to unravel the structure of materials
at the nanometer and atomic scale for many decades. Modern synchrotron radiation sources provide a wealth of novel,
previously unavailable techniques such as for instance micro- and nanobeam X-ray scattering or the use of coherent X-ray
beams that allow reconstructing real space images and 3D strain distribution with nanometer resolution from a scattering
experiment. Neutron scattering on the other hand continues to be an extremely useful and complementary tool to enter
deep in the bulk of engineering components or to sense magnetism. This symposium aims at bringing together method
developers and ”users” from all fields of materials research, spanning the range from engineering components to functional
nanomaterials.

Annual General Meeting of the Metal and Material Physics Division

Wednesday 19:00–20:00 BAR 205



Metal and Material Physics Division (MM) Monday

MM 1: Invited Talk (Hauptvortrag) Kiener

Time: Monday 9:30–10:00 Location: BAR 205

Invited Talk MM 1.1 Mon 9:30 BAR 205
Progress in understanding nanoscale plasticity using quan-
titative in situ TEM — •Daniel Kiener — Montanuniversität
Leoben, Austria

It is established that deformation mechanisms are subject to change
once microstructural features approach the micron and sub-micron
range [1]. Moreover, miniaturized sample dimensions themselves can
lead to pronounced size effects on material strength [2], even if only
simple dislocation plasticity governs the plastic deformation.

Quantitative testing in the scanning or transmission electron micro-
scope offers a versatile way to aid to a better understanding of the basic

governing deformation processes, since a direct correlation between the
material microstructure or individual crystal defects with the sample
deformation behavior and the mechanical properties is achieved by
direct observation of the plastic deformation.

In this presentation, different case studies will be presented to high-
light recent developments in the field of quantitative nanomechanical
in situ testing in the electron microscope, focusing on advanced testing
techniques providing novel insights on nanoscale plasticity.

References: [1] T. Zhu, and J. Li: Ultra-strength materials. Prog.
Mater. Sci. 55, 710 (2010) [2] M. D. Uchic, D. M. Dimiduk, J. N.
Florando, and W. D. Nix: Sample Dimensions Influence Strength and
Crystal Plasticity. Science 305, 986 (2004)

MM 2: Topical Session: Nanomechanics of nanostructured materials and systems I - Grain size
effects

Time: Monday 10:15–11:30 Location: BAR 205

Topical Talk MM 2.1 Mon 10:15 BAR 205
Effects of grain size, alloying and temperature on the mechan-
ical behavior of nanocrystalline metals — •Ruth Schwaiger —
Karlsruhe Institute of Technology (KIT), Institute for Applied Mate-
rials (IAM-WBM)

Characterization, control and optimization of mechanical properties
are key issues in materials engineering. While nanocrystalline metals
are very attractive candidates for applications requiring high strength,
size-dependent deformation, deformation mechanisms and microstruc-
tural stability are still under debate. Experimentally, the transi-
tion from bulk to interface-dominated deformation mechanisms in
nanocrystalline metals is reflected by increased strain rate sensitiv-
ity at low temperatures and smaller activation volumes compared to
coarse-grained materials. Introducing miscible solutes can be expected
to lead to modified mechanical properties compared to the pure met-
als. Furthermore, alloying of nanocrystalline metals may stabilize the
microstructure if the solute segregates to the boundaries facilitating
mechanical testing at elevated temperatures. Our investigations of
PdAu and PdAg alloys showed a hardness increase with increasing al-
loying content. The grain size was observed to increase with increasing
plastic strain at room temperature while the grain size was stable at
annealing temperatures up to 95◦C. In this presentation, mechanical
behavior and size effects will be discussed for different metallic alloying
systems and grain sizes.

MM 2.2 Mon 10:45 BAR 205
Nanoindentation of sputter-deposited Al and Al-Li thin films
— •Diana Courty, Alla S. Sologubenko, and Ralph Spolenak —
Laboratory for Nanometallurgy (LNM), ETH Zurich, Wolfgang-Pauli-
Strasse 10, CH-8093 Zurich, Switzerland

Bulk, heavily-deformed fine-grained Al-Li-based alloys are known for
their superplastic behavior at elevated temperatures. In these materi-
als, grain-rotation is considered to be the major mechanism responsible
for large plastic strains (up to 700%). An intrinsic feature of a thin
metallic film, the nano-grained morphology, is very advantageous for
the activation of this deformation mode, provided the inherent colum-
narity of the film morphology can be overcome.

Al-x at.%Li (x=0, 2, 5, and 10) thin film alloys have been sputter-
deposited on Si wafers by different sputtering modes enabling the con-
trol of the grain morphology, breaking the columnar grain growth and
tuning the sublayer thickness. These thin film alloys have been tested
by nanoindentation at room temperature, 100◦C and 150◦C, showing
a decrease in hardness for higher indentation temperatures. An effect
of film thickness, composition and microstructure on the mechanical
behavior of the thin film alloys was studied. Our particular interest
is directed to the comparison of films of same thickness and composi-
tion but with different grain sizes, were smaller grain sizes showed an
increase in hardness - smaller than expected by the Hall-Petch-effect.

MM 2.3 Mon 11:00 BAR 205
Small scale deformation of Chromium - Influence of Mi-
crostructure & Temperature — •Verena Maier, Megan J.

Cordill, and Daniel Kiener — Department Materials Physics, Mon-
tanuniversität Leoben, Jahnstr.12, A-8700 Leoben

Time-dependent mechanical behavior, expressed by a materials strain-
rate sensitivity, is an important indication for thermally activated pro-
cesses during deformation. The ongoing miniaturization of compo-
nents and material phases requires studying these effects on the local
scale. In this work, the influence of microstructure and temperature
on the strain-rate sensitivity of body-centered cubic Cr was studied by
nanoindentation strain-rate jump tests at ambient and elevated tem-
peratures. It was observed that Cr in the single crystal condition ex-
hibits a more pronounced strain-rate sensitivity than ultrafine-grained
Cr. This is due to the effects of the high lattice friction of bcc-metals at
low temperatures, where the motion of the screw dislocations are dom-
inating the deformation behavior, causing there an enhanced strain-
rate sensitivity. Increasing the temperature over a material-dependent
critical temperature Tc, it is demonstrated that the deformation be-
havior clearly changes. The thermally activated strength contribution
diminishes and thus the strain-rate sensitivity is significantly reduced.
However, for the ufg-state an increase of the strain-rate sensitivity with
increasing temperature can be observed. This might be correlated to
thermally activated motion and annihilation of dislocations at grain
boundaries, as previously seen in ultrafine grained face centered cubic
materials such as Al and Cu.

MM 2.4 Mon 11:15 BAR 205
Stress induced martensitic phase transformation during
nanoindentation in NiTi shape memory alloys — •Guillaume
Laplanche, Gunther Eggeler, and Janine Pfetzing-Micklich —
Institut für Werkstoffe, Ruhr-Universität Bochum, D-44780 Bochum,
Germany

NiTi shape memory alloys (SMA) exhibit remarkable functional prop-
erties which rely on a stress and/or temperature induced martensitic
phase transformation. Our study is motivated by the need to mechan-
ically characterize small NiTi components, such as micromechanical
systems like stents and microactuators. In this study, we use a NiTi al-
loy with specific phase transformation temperatures. In our NiTi alloy,
stress induced martensite is stable at room temperature and this allows
its post-mortem characterization. We use EBSD to select grains with
specific crystallographic surface normals. In those grains, we perform
nanoindentation with spherical indenter tips, in order to avoid sym-
metries others than those of the crystal structure. The topography of
the remnant indents were characterized using atomic force microscopy
(AFM). The stress induced formation of martensite shows a crystal-
lographic anisotropy which manifests itself in orientation dependent
surface patterns. These patterns reflect the well-known symmetries of
the cubic crystal lattice and vanish upon heating, when the martensite
transforms back to austenite. AFM investigations of the topography of
the regions surrounding the remnant indents directly after nanoinden-
tation, reveal that the stress induced formation of martensite results
in the formation of crystallographic sink-in regions surrounding the
contact.
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MM 3: Functional Materials I - Energy storage

Time: Monday 10:15–11:30 Location: IFW A

MM 3.1 Mon 10:15 IFW A
Graphene-based supercapacitors for energy storage under ex-
treme temperature conditions — •Ranjith Vellacheri, Ahmed
Al-Haddad, Wenxin Wang, Huaping Zhao, Chengliang Wang,
Zhijie Wang, and Yong Lei — Ilmenau University of Technology,
Institute of Physics & IMN MacroNano (ZIK) 98693 Ilmenau (Ger-
many)

Graphene-based supercapacitors have been fabricated for energy stor-
age in a very wide range of temperatures. The optimized supercapac-
itors showed good charge storage capabilities from -24 ◦C to 50 ◦C.
Specific capacitance of the electrode obtained from charge/discharge
measurements was 91 F/g at room temperature (RT) and no consid-
erable change when tested at different temperatures (e.g. 73 F/g and
100 F/g at -24 ◦C and 50 ◦C, respectively). Our samples also exhib-
ited outstanding capacitance retention and cyclic stability at different
operating temperatures. Extremely low equivalence series resistance
(ESR) and charge transfer resistance were confirmed by electrochem-
ical Impedance measurements. Especially, the low ESR could also
result in high power density even at low operating temperatures. We
believe that our results highlight the great prospective of the graphene-
based supercapacitors for the efficient energy storage at extreme envi-
ronments with a wide range of temperature difference

MM 3.2 Mon 10:30 IFW A
Nano-Engineered Three-Dimensional Core/Shell Nanotube
Arrays for Realizing High Performance Asymmetric Super-
capacitors — •Fabian Grote, Liaoyong Wen, Huaping Zhao, and
Yong Lei — Ilmenau University of Technology, Institute of Physics &
IMN MacroNano (ZIK) Prof. Schmidt-Str. 26, 98693 Ilmenau

The ongoing technological advances in areas such as electric mobility,
consumer electronics, and energy harvesting set new demands for en-
ergy storage systems. The next generation of high performance devices
requires a strongly enhanced electrochemical performance as well as op-
erating safety, limited environmental impact, and economic viability.
In order to fulfill these aims a crucial role is addressed to supercapac-
itors. Today, the main challenge is to increase the specific energy of
supercapacitors without sacrificing specific power. Thereby the devel-
opment of novel functional nanostructures for energy storage is a key
challenge. Hence we nano-engineered a complex 3D electrode mate-
rial based on free-standing open-ended core/shell nanotube arrays with
tailored functions, using anodic aluminum oxide nano-templates and
atomic layer deposition. The core provides a well electron transport
through the entire electrode matrix and the thin shell guarantees a well
utilization of the active electrode material. Importantly, we designed
and nanostructured both the negative and positive electrode materials
individually, using an innovative material combination of polypyrrole
and manganese oxide. It is shown that the asymmetric electrode na-
ture of the prepared supercapacitor device enabled us to increase the
cell voltage to 1.7 V, which is a major leap to increase the specific
energy.

MM 3.3 Mon 10:45 IFW A
Temperature induced modifications of hydrides in Gd(0001)
thin films — •Sara Wanjelik, Samuel Königshofen, and Mathias
Getzlaff — Institute of Applied Physics, University of Düsseldorf

Hydrogen in metals has been of great interest in research for the past
few decades. But only few investigations are carried out by imaging
techniques with a lateral resolution on the nm-scale. Even less research
deals with the inital stage of hydride formation. Here we present STM
measurements on thin Gadolinium films grown on a W(110) surface
concentrating on the inital steps of hydrogen absorption. Absorption
of hydrogen at room temperature results in hydride formation. We

observe plastic deformations due to the larger volume of the hydrides.
On the one hand, disk-like islands with a diameter of approximately 3
nm and a height of 0.3 nm occur, while on the other hand there are con-
nected areas formed by ramps. The islands arrange in chains. It has
also been observed that a new feature, a triangular shaped structure
appears together with the islands. Maps of the differential conductiv-
ity prove that it has a different electronic structure. The origin of the
island and the other structure is not fully understood and yet a field
of open research. Additionally, we will present modifications of these
structures induced by increasing temperature up to that point which
they vanish at.

MM 3.4 Mon 11:00 IFW A
Hydrophobicity patterning of gas diffusion media for polymer
electrolyte fuel cells — •Indro Biswas1, Pawel Gazdzicki1, Mar-
tin Tomaš2, and Mathias Schulze1 — 1German Aerospace Center
(DLR), Insitute of Technical Thermodynamics, Pfaffenwaldring 38-40,
70569 Stuttgart, Germany — 2University of West Bohemia, New Tech-
nologies Research Centre, Univerzitńı 8, 306 14 Plzeň, Czech Republic

Polymer electrolyte fuel cells with their high gravimetric energy density
face a water balance problem especially under variable loads, e.g. in
automotive conditions: The excess product water needs to be removed
from the fuel cell while maintaining a humidified membrane.

The gas diffusion layer, which also provides contact to the electro-
chemically active components, has to achieve the passive management
of the water balance. Heterogeneously hydrophobic gas diffusion media
have already shown to be more capable of balancing these opposing
requirements than conventional materials. Various methods of pat-
terning gradients of hydrophobicity are applied, like microperforation
and laser, focused X-Ray and ion beam irradiation. The modifica-
tions are analysed with photoemission and infrared spectroscopy and
compared for their performance, applicability and scalability.

The research leading to these results has received funding from the
European Union’s Seventh Framework Programme (FP7/2007-2013)
for Fuel Cell and Hydrogen Joint Technology Initiative under Grant
No. 303446 (Impala).

MM 3.5 Mon 11:15 IFW A
NMR Investigations of the Aluminium Substituted Bar-
ium Clathrate Ba8Si46 — •Matej Bobnar, Iryna Antonyshyn,
Michael Wedel, Duong Nguyen, Ulrich Burkhardt, Yurii
Prots, Bodo Böhme, Liudmila Muzica, Raul Cardoso, Walter
Schnelle, Igor Veremchuk, Michael Baitinger, and Juri Grin —
Max-Planck-Institut für Chemische Physik fester Stoffe, Nöthnitzer
Str. 40, 01187 Dresden

Clathrates are interesting for their thermoelectric properties, due to
their heigh electric and low thermal conductivity. Ba8−xSi46 is a type
I clathrate obtained at 800 ◦C and at high pressure of 2-5 GPa. The
covalently bonded Si atoms form a framework of small, 20 atom, and
large, 24 atom, cages that are fully or partially filled by Ba atoms.
Some of the Si atoms may be substituted by a number of other atoms,
including Al. Ba8AlxSi46−x is reported with a homogeneity range of
8 ≤ x ≤ 15. Our investigations, however, begin with a clathrate of
even lower Al content, Ba8Al6.8Si39 and continue towards the Al-rich
phases. We try to determine, which Si atoms are substituted by Al
and how a disorder increases or decreases with a growing Al content.
Since Al and Si stand next to each other in the periodic table of ele-
ments, they are very difficult to discern by X-ray. For this reason, the
NMR was employed, which observes local environments of each nucleus
separately and gives some hints about the intrinsic properties of the
samples. In this work, we present a model for Al and Si distribution
in the clathrate I framework based on 29Si and 27Al NMR results.
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MM 4: Computational Materials Modelling I - High throughput/Material discovery

Time: Monday 10:15–11:30 Location: IFW D

MM 4.1 Mon 10:15 IFW D
An automated first-principles search for solid-state lithium
electrolytes — •Riccardo Sabatini and Nicola Marzari — The-
ory and Simulation of Materials, EPFL (CH)

In recent years much attention has been given to high-throughput tech-
niques for materials’ discovery and characterization, a complex chal-
lenge where state-of-the-art theoretical advancements meet data ana-
lytics and automated job management. We present here one of the first
high-throughput projects done with our AiiDA framework (Automated
Interactive Infrastructure and Database for Atomistic simulations), an
open-source infrastructure built for largely automatic materials’ design
and discovery. Starting from the ICSD database, we build an auto-
matic workflow to compute lithium-ion diffusion with Car-Parrinello
molecular dynamics. The database subset of target lithium-containing
materials is also ranked by citations number; in descending order, each
structure is first optimized with a ground-state variable-cell relaxation,
followed by a microcanonical simulation. Several techniques to ensure
the quality of the workflow have also been developed and are discussed.

MM 4.2 Mon 10:30 IFW D
High-throughput studies multi-component Ni-rich alloys —
•Michaela Höfler, Sascha B. Maisel, and Stefan Müller — In-
stitute of Advanced Ceramics, TUHH, 21073 Hamburg, Deutschland

We present high-throughput studies of various Ni-rich alloys (Ni-Al,
Ni-Ta, Ni-W, Ni-Ta-W, Al-Ni-W, Al-Ni-Ta, Al-Ni-Ta-W and Al-Ni-
Ta-W) based on DFT theory guided by the cluster-expansion method.
We present CE Hamiltonians, which accurately describe the ground-
state behavior of the binary alloys and and discuss ternary ground-
state compounds Al7Ni24W1, Al3Ni12W1 and Al3Ni12Ta1 found to be
stable in multi-component alloys across a data base of over 600 fully-
relaxed DFT superstructures with up to four components. The result-
ing ground-states structures have substitutional L12-type order and re-
lease nearly 0.5 meV/atom of enthalpy upon formation. Our findings
indicate that ternary γ′-derivates of AlxN3Ta1−x and AlxN3W1−x

stoichiometries are energetically favourable over true quarternary Al-
Ni-Ta-W compounds at low temperatures.

MM 4.3 Mon 10:45 IFW D
Solubility of Interstitials in Transition Metals: Knowledge
Discovery using High-Throughput ab-initio Databases —
•Ugur Aydin, Tilmann Hickel, and Jörg Neugebauer — Max-
Planck-Institut für Eisenforschung GmbH, Düsseldorf, Deutschland

The solubility of hydrogen in metals is decisive for a variety of phenom-
ena incl. hydrogen embrittlement, superabundant vacancy formation
and hydrogen storage. In order to design materials with tailored spe-
cific solution properties of hydrogen, a detailed knowledge about the
interaction of hydrogen with the host metal is desired. We have, there-
fore, generated a solution enthalpy database by using an in-house de-
veloped workbench. Systematically exploring the database the elastic
and chemical mechanisms governing solution enthalpies for the com-
plete set of transition metals are derived. Several crystal structures

for the host metal (bcc, fcc and hcp) and interstitial atoms have been
compared. The systematic analysis resulted in a universal dependence
of ∆H as a function of the lattice constant of the host metal. The
trends obtained in this study provide important insights into mech-
anisms determining the solution enthalpy of interstitials in complex
compounds.

MM 4.4 Mon 11:00 IFW D
Atomistic and inverse-analytical modeling of elastic prop-
erties of coherent nano-phases — Lei Chen1, Li-Fang
Zhu1, •Martin Friák1,2, Duancheng Ma1, Christoph P.
Race1,3, Venkata S.P.K. Bhogireddy1, Robert Spatschek1, Bob
Svendsen1,4,5, Dierk Raabe1, and Jörg Neugebauer1 — 1Max-
Planck-Institut für Eisenforschung GmbH, Düsseldorf, Germany —
2Institute of Physics of Materials AS CR, v.v.i., Brno, Czech Republic
— 3Aachen Institute for Advanced Study in Computational Engineer-
ing Science (AICES), RWTH Aachen University, Aachen, Germany
— 4Materials Science Centre, University of Manchester, Manchester,
United Kingdom — 5Material Mechanics, Faculty of Georesources and
Materials Engineering, RWTH Aachen University, Aachen, Germany

Coherent phases precipitating in metallic matrices are known to pro-
vide e.g. a significantly increased strength and other superior mechan-
ical properties. Nano-sized inhomogeneities of phases, that exist only
when stabilized by the surrounding matrix, represent a very specific
sub-class of these composites. The stabilization via internal interfaces
is crucial as these phases would be thermodynamically and/or mechan-
ically unstable as self-standing bulk. In our study we suggest the ef-
fective merging of these coherent inhomogeneities with their interfaces
into a medium that is characterized by anisotropic elastic constants
fulfilling conditions of mechanical stability. We combine an inverse an-
alytical method with atomistic simulations in order to predict elastic
constants and apply our approach to bcc Cu in ferritic Fe matrix.

MM 4.5 Mon 11:15 IFW D
Three-dimensional structure maps for sp-d-bonded systems
— •Arthur Bialon, Thomas Hammerschmidt, and Ralf Drautz
— Interdisciplinary Centre for Advanced Materials Simulation, Ruhr-
Universität Bochum, Germany

Structure maps are an approach to identify the governing factors that
determine if a mixture of elements will form a compound and which
crystal structure is to be expected. Here, we present new structure
maps for the sp-d-bonded systems that are footed on databases of ex-
perimentally observed crystal structures. For identifying suitable axes
of the structure map we take into account both the overlap of differ-
ent crystal-structure regions and the clustering of entries representing
the same crystal structure. As a result, we find three most significant
order parameters, in particular an electron-count, a volume and elec-
tronegativity parameter. This enables us to set up a three-dimensional
structure map for the most frequently occurring crystal structures in
sp-d-bonded systems that correctly predicts the ground state structure
in 9 out of 10 cases.
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MM 5: Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium Phenomena
at the Nano-scale (O with HL/TT/MM)

Non-equilibrium processes such as charge and heat transport are central to electronic and thermoelectric
applications. Understanding these phenomena at the nanoscale challenges both theory and experiment.
Basic theoretical issues are related to the role of quantum mechanics, the interplay of ballistic, diffusion
and hopping processes, the importance of dissipation, the effect of electronic correlation, and the sig-
natures of unusual quantum states. On the experimental side devising measurements to unravel these
phenomena in a controlled way poses severe difficulties. In this regard, optical lattices of cold atoms are
emerging as a powerful laboratory to test theoretical models and discover unforeseen phenomena.

This symposium will cover current issues in the field by bringing together scientists working in dif-
ferent specific areas with the aim of fostering interdisciplinary discussion, assessing current theoretical
understanding, and indicating future goals with emphasis on electronic structure theory.

Organizers: Roberto Car (Princeton), Kristian S. Thygesen (Lyngby) and Matthias Scheffler (Berlin)

Time: Monday 10:30–13:15 Location: TRE Ma

Topical Talk MM 5.1 Mon 10:30 TRE Ma
Molecular junction transport: some theoretical and computa-
tional considerations — •Mark Ratner1 and Matthew Reuter2

— 1Chemistry, Northwestern University, Evanston Illinois 60208 USA
— 2Chemistry, Northwestern University, Evanston Illinois 60208 USA

Following the development of break junction techniques, and very ele-
gant measurements by many labs worldwide, the understanding of the
community for single molecule transport junctions on the experimental
side has been very nicely unified. While there are still challenges, inter-
pretations of the transport (and indeed of some second-order response
properties) is now quite sophisticated.

There have been major advances in the computational approaches
also, and in many cases, computations and measurements can be com-
pared quantitatively. But there are some remaining difficulties in the
computational and theoretical approaches, and this talk will discuss a
few of them.

The topics addressed will be: single molecule aspects, histograms
and their usage, time-dependence of the transport, and ghost trans-
mission and computational accuracy.

MM 5.2 Mon 11:00 TRE Ma
On the description of biased nanocontacts from ab initio
— •Steven Achilles1, Jürgen Henk1, Michael Czerner2, Chris-
tian Heiliger2, and Ingrid Mertig1 — 1Institute of Physics, Mar-
tin Luther University Halle-Wittenberg, D-06099 Halle, Germany —
2I. Physikalisches Institut, Justus Liebig University, D-35392 Giessen,
Germany

A suitable description of arbitrary shaped and biased nanocontacts is
very important for investigating and predicting physical effects of ma-
terials on the nanometer scale. In particular, the electronic transport
properties under finite bias voltages are of great interest.

To account for systems under finite bias we extended our Korringa-
Kohn-Rostoker Green’s function method [1] to the Keldysh formal-
ism [2]. The method was developed for different types of geometries,
i.e. planar junctions [3] and embedded real-space clusters [4]. Both
implementations include a self-consistent treatment of the electronic
structure under external bias using the nonequilibrium density.

We present ab initio results of voltage drops, the charge relaxation
under finite bias voltage and current-voltage characteristics for differ-
ent types of geometries.
[1] R. Zeller, P.H. Dederichs, B. Ujfalussy, L. Szunyogh, and P. Wein-
berger, Phys. Rev. B 52, 8807 (1995).; P. Zahn, I. Mertig, R. Zeller,
and P.H. Dederichs, Mat. Res. Soc. Symp. Proc. 475, 525 (1997).
[2] L.V. Keldysh, Sov. Phys. JETP 20 (4), 1018-1026 (1965).
[3] S. Achilles et al., Phys. Rev. B 88 (12), 125411 (2013).
[4] S. Achilles et al., to be published

MM 5.3 Mon 11:15 TRE Ma
Elasticity changes in molecular junctions under bias: an ab-
initio study — •Clotilde S. Cucinotta1, Meilin Bai1,2, Ivan
Rungger1, Shmin Hou2, and Stefano Sanvito1 — 1School of
Physics and CRANN, Trinity College Dublin, College Green, Dublin 2,
Ireland — 22Key Laboratory for the Physics and Chemistry of Nanode-
vices, Department of Electronics, Peking University, Beijing 100871,
China

Non-conservative current induced forces are at the origin of a rich va-

riety of dynamical processes, including vibrations, rotations, phonon
energy flow, desorption and reactions. The ability to simulate these
phenomena paves the way for crucial advances in interface physics and
in molecular electronics. New insights into how the presence of non-
conservative forces can affect the vibrational spectrum of prototypic
Au-H2-Au nano-junctions are obtained by the Non Equilibrium Green
Functions approach combined with Density Functional Theory as im-
plemented in the Smeagol code [1]. The modification of the phonon
spectrum of the junction in the presence of an external bias is for
the first time analysed, in terms of charge redistribution caused by the
electron flow, potential drop and differences in an average distance col-
lective variable. Phonon modes changes are related to a change in bias
of some of the elastic constants.The importance of electric field vs. cur-
rent effects is compared. The elasticity changes of the molecular junc-
tion with bias are interpreted in terms of the current flowing through
the system. [1] http://www.smeagol.tcd.ie/SmeagolDownloads.htm.

MM 5.4 Mon 11:30 TRE Ma
Carbon nanotubes decorated with magnetic clusters: mag-
netism, electron transport and gas sensing — •Zeila Zanolli1

and Jean-Christophe Charlier2 — 1Forschungszentrum Juelich,
PGI and IAS, Juelich, Germany — 2IMCN, Université catholique de
Louvain (UCL), Belgium

In this work, first-principles techniques and non-equilibrium Green’s
function approaches are used to investigate magnetism and spin-
polarized quantum transport in carbon nanotubes (CNTs) decorated
with transition metal magnetic nanoclusters (NC).

For small cluster sizes (< 1 nm), ab initio calculations predict a con-
siderable local magnetic moment that induces spin polarization in the
host CNT due to a strong mutual interaction with the magnetic NC.
Such a huge local magnetic perturbation can be tailored by molecular
adsorption on the metallic NC, thus modifying both the magnetization
and the spin-dependent conductance of the hybrid CNT-NC system.
The adsorption of benzene on Ni- or Pt-decorated metallic CNTs has
been investigated as a test case. The ab initio simulations demon-
strate that the magnetization change due to the absorption of a single
C6H6 molecule should be large enough to be detected experimentally
using either magnetic-AFM or SQUID magnetometer. Consequently,
the present research suggests a novel approach for single molecule gas
detection, based on local magnetic moment measurements in CNT-NC
hybrid systems [1].

[1] Z. Zanolli, J.-C. Charlier, ACSnano 6 (2012) 10786-10791.

15 min. break

Topical Talk MM 5.5 Mon 12:00 TRE Ma
Insight into Charge Transport in Molecular Junctions from
Ab Initio Theories of Level Alignment — •Jeffrey B. Neaton
— Molecular Foundry, Lawrence Berkeley National Laboratory, Berke-
ley, CA, USA — Department of Physics, University of California,
Berkeley, Berkeley, CA — Kavli Energy Nanosciences Institute, Berke-
ley, CA

Recent scanning tunneling microscope-based break-junction experi-
ments of molecular junctions – devices formed by trapping organic
molecules between macroscopic metallic electrodes – have reported
robust conductance, thermopower, switching behavior, quantum in-
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terference effects, spin-filtering phenomena, and even nonlinear effects
such as rectification, establishing such junctions as unique and reveal-
ing windows into the physics of charge transport at the molecular scale.
In this talk, I will summarize a predictive approach to compute and
understand the transport properties of molecular junctions with good
accuracy. Our approach includes important exchange and correlation
effects missing in standard DFT Kohn-Sham junction level alignment,
building on self-energy corrections within a GW approximation. Ad-
vantages and limitations of our approach will be discussed quantita-
tively in the context of a direct comparison with recent photoemission
and transport measurements. I will also describe applications of this
approach to select junctions exhibiting novel trends in conductance,
thermopower, and nonlinear IV characteristics, where new physical in-
sight is obtained by relating computed transport phenomena to junc-
tion structure and chemistry.

MM 5.6 Mon 12:30 TRE Ma
Towards First-Principles Modeling of Solvent Effects in
Photo-Catalytic Water Splitting — •Stefan Ringe, Harald
Oberhofer, Sebastian Matera, and Karsten Reuter — Techni-
sche Universität München, Germany

In the context of solar energy conversion the search for new materials
for photo-catalytic water splitting has received new impetus. While in
general powerful, computational screening approaches are struggling
with the complexity of the underlying physical processes at the solid-
liquid interface. Recent work points in particular at the necessity to
include at least an efficient description of solvent screening effects to
compute meaningful descriptors even in simple computational hydro-
gen electrode approaches. To this end, we present an implementation
of the modified Poisson-Boltzmann (MPB) implicit solvation model
in the highly parallel and numerically efficient all-electron DFT code
FHI-aims. Optimally integrating into this code environment, we solve
the MPB equation in a novel approach based on an expansion of the
electrostatic potential in the localized basis functions of FHI-aims. In
contrast to common numerical multi-grid solvers this approach can di-
rectly make use of the optimized integration schemes used to reach
self-consistency and removes the need for numerical interpolation be-
tween different grids. We demonstrate the approach and its efficiency
for a range of molecular test systems, and show first results for catalytic
water splitting on gold nano-clusters.

MM 5.7 Mon 12:45 TRE Ma
Towards a combined QM/MM and implicit solvent descrip-

tion of photoelectrochemical processes — •Markus Sinstein1,
Daniel Berger1, Ran Jia2, Volker Blum3, Harald Oberhofer1,
and Karsten Reuter1 — 1Technische Universität München, Ger-
many — 2Jilin University, P.R. China — 3Duke University, USA

Photoelectrochemical systems are widely explored to drive energy-
relevant redox reactions like water splitting or CO2 reduction. The de-
tailed analysis of the involved elementary processes via first-principles
calculations is challenged by the necessity to simultaneously account
for the extended semiconductor photocatalyst and the liquid elec-
trolyte. Especially for charge (proton and/or electron) transfer steps
traditionally employed periodic boundary condition approaches involve
charged supercells with difficult to control finite size errors. To this
end, we present a solid state QM/MM embedding approach, in which
only a finite cluster model of the photocatalyst surface is treated quan-
tum mechanically and the correct Madelung potential of the periodic
system is obtained by embedding into a charge field. For the efficient
modeling of photoelectrochemical processes we combine this approach
with an implicit solvation scheme within the DFT package FHI-aims.
Finally, we also show early test results of the combined QM/MM im-
plicit solvent model.

MM 5.8 Mon 13:00 TRE Ma
Ab-initio Simulation of Molecular Networks on the Surface
of Water — •Ralph Koitz, Marcella Iannuzzi, Ari P Seitsonen,
and Jürg Hutter — University of Zurich, Zurich, Switzerland

Molecules adsorbed on surfaces play an important role in catalysis, sur-
face science, and nanotechnology. Traditionally, research has focused
on various adsorbates atop metals and metal oxides using computa-
tional and surface-science techniques. More recently, however, it was
demonstrated that ordered monolayer networks can also be formed
on the surface of liquid water by using metal ions to bind together
multidentate precursor molecules. As these assemblies are difficult to
characterize, computational methods can provide valuable insight into
their formation and structure.

In this contribution we present large-scale DFT-based molecular dy-
namics simulations of the formation of a network of tris-terpyridine-
derived molecules (TTPB) on a water slab. In particular, we focus on
the structure of the molecule on the surface, the mechanism of Zn2+

ion insertion from the solution and the subsequent linking of molecules
into aggregates. We employ the metadynamics method to quantify the
free energy surface of the involved processes. Our results provide de-
tailed insight into on-surface and subsurface diffusion in this system
and chemical reactions of TTPB on the surface of water.

MM 6: Microstructure and Phase Transformations I - Martensitic phase transformations

Time: Monday 10:15–11:15 Location: IFW B

MM 6.1 Mon 10:15 IFW B
Nucleation and growth of martensite in epitaxial mag-
netic shape memory films — •Robert Niemann1,2, Anja
Backen1, Hanuš Seiner3, Sandra Kauffmann-Weiss1,4, Christian
Behler1,2,4, Ulrich K. Rößler1, Ludwig Schultz1,2, and Sebas-
tian Fähler1,2,4 — 1IFW Dresden, P.O. Box 270116, 01171 Dres-
den, Germany — 2Technische Universität Dresden, Department of
Physics, Institute for Solid State Physics, 01062 Dresden, Germany
— 3Institute of Thermomechanics, ASCR, Doleǰskova 1402/5, 182 00
Prague, Czech Republic — 4Technische Universität Chemnitz, Faculty
of Natural Sciences, Institute of Physics, D-09107 Chemnitz, Germany

The complex martensitic microstructure of modulated magnetic shape
memory alloys is beneficial for magnetic field induced reorientation
or reversible field induced phase transition [1]. The big difference in
mobility between type I and type II twin boundaries highlights the
importance of a monoclinic description of the lattice. Hence it is im-
portant to understand the microstructure from the atomic up to the
macroscale. As a model system we analyze the martensitic transforma-
tion in epitaxial Ni-Mn-Ga films. We perform temperature dependent
SEM imaging during the phase transition and XRD as well as TEM in
the martensitic state. We describe the observed stages of nucleation
and growth using a crystallographic model based on the Wechsler-
Lieberman-Read theory of martensites and finite element methods. [1]
R. Niemann et al., Adv. Eng. Mat. 14, 562 (2012)

Supported by SPP1599 www.FerroicCooling.com

MM 6.2 Mon 10:30 IFW B
Composition-dependent atomic positions in Ti-Nb marten-
sites — •Matthias Bönisch1,2, Mariana Calin1, Lars
Giebeler1,3, Arne Helth1,3, Annett Gebert1, Werner
Skrotzki1,2, and Jürgen Eckert1,3 — 1IFW Dresden, D-01069
Dresden, Germany — 2Technische Universität Dresden, Institute of
Structural Physics, D-01069 Dresden, Germany — 3Technische Uni-
versität Dresden, Institute of Materials Science, D-01069 Dresden,
Germany

In this work the influence of Nb addition on the structural character-
istics of martensitic phases in the Ti-Nb system is studied in detail.
The orthorhombic martensite alpha” commonly observed in rapidly
quenched beta-stabilized Ti-based alloys represents an intermediate
structure between the hexagonal martensite alpha’ found at low so-
lute content and the bcc beta-phase present at high solute content.
While the distortion of the orthorhombic unit cell by addition of beta-
stabilizing atoms is well documented in literature, experimental data
about the detailed atomic positions in dependence of chemical compo-
sition is missing. For this study we prepared a series of binary Ti-Nb
alloys by casting techniques followed by homogenization treatment and
water quenching. We used X-ray diffraction combined with Rietveld-
based analyses to study the gradual structural changes of alpha’ and
alpha” martensites effected by addition of Nb and determined their
compositional boundaries. In case of orthorhombic alpha” we found
that besides the lattice parameters the locations of atoms on (002)al-
pha” planes very sensitively respond to the amount of Nb present.
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MM 6.3 Mon 10:45 IFW B
Laser annealing of Fe7Pd3 ferromagnetic shape memory thin
films — •Ariyan Arabi-Hashemi1, Martin Ehrhardt1, Pierre
Lorenz1, Dietmar Hirsch1, Klaus Zimmer1, and Stefan G.
Mayr1,2,3 — 1Leibniz-Institut für Oberflächenmodifizierung e.V., Per-
moserstraße 15, 04318 Leipzig, Germany — 2Translationszentrum für
regenerative Medizin, Universität Leipzig, 04103 Leipzig, Germany
— 3Fakultät für Physik und Geowissenschaften, Universität Leipzig,
04103 Leipzig, Germany

Fe7Pd3 is a magnetic shape memory alloy capable of performing strains
of up to 5% by applying an external magnetic field. While the austen-
ite phase of Fe7Pd3 is fcc, the martensite phases are fct, bct and bcc.
The magnetic shape memory effect is only observed in the fct phase
due to a high magnetocrystalline anisotropy and a high mobility of
twin boundaries. We study phase transformation effects in Fe7Pd3
films annealed by 25 ns pulses of a KrF laser for various substrates:
LaSrAlTaO, MgO and Si. The laser-solid interaction was simulated
by finite element method. Laser annealing experiments are compared
with thermal annealing experiments. Low temperature electron beam
evaporation deposited samples reside in the bcc phase independently of
the used substrate. Subsequent laser and thermal annealing of Fe7Pd3
films deposited on MgO reside in the bcc phase, while laser annealed
Fe7Pd3 films on LSAT show a phase transformation from bcc to fcc.
In thermally annealed Fe7Pd3 on LSAT fcc and fct is observed. Inter-
diffusion was studied by SIMS.

MM 6.4 Mon 11:00 IFW B
Mesoscopic twinning of nanotwinned martensites in ep-
tiaxial Ni-Mn-Ga films: A TEM study — •Christian
Behler1,2,3, Anja Backen1, Hanuš Seiner4, Robert Niemann1,2,
Sandra Kauffmann-Weiss1,3, Ludwig Schultz1,2, and Sebas-
tian Fähler1,2,3 — 1IFW Dresden, P.O. Box 270116, 01171 Dres-
den, Germany — 2Technische Universität Dresden, Department of
Physics, Institute for Solid State Physics, 01062 Dresden, Germany —
3Technische Universität Chemnitz, Faculty of Natural Sciences, Insti-
tute of Physics, D-09107 Chemnitz, Germany — 4Institute of Thermo-
mechanics, ASCR, Doleǰskova 1402/5, 182 00 Prague, Czech Republic

Ni-Mn-Ga magnetic shape memory (MSM) alloys have attracted much
attention due to the high reversible strains realized by reorientation
of martensitic variants by applying external magnetic fields (MIR).
To optimize this effect a detailed knowledge about the microstructure
is beneficial, since the MIR effect depends on the martensitic phase
and the type of mesoscopic twin boundaries connecting the different
martensitic variants. As model system epitaxial Ni-Mn-Ga films are
investigated which show two different microstructures at the surface.
Several cross-sections of both structures were prepared by FIB milling
and analyzed by means of (High-Resolution) TEM to gain a complete
3D information about the film structure. We apply a nucleation sce-
nario based on WLR theory to explain the precession of the martensitic
transformation for each microstructure. It results in the characteristic
formation of mesoscopic twin boundaries we observe in thin films.

MM 7: Energy materials: Water splitting, batteries, and supercapacitors (HL with MM/CPP)

Time: Monday 10:45–12:30 Location: POT 081

MM 7.1 Mon 10:45 POT 081
Highly efficient photocatalytic water splitting with colloidal
CdS nanorods by mediated hole scavenging — •Thomas Si-
mon, Aurora Manzi, Christian Wolff, Jacek Stolarczyk, and
Jochen Feldmann — Photonics and Optoelectronics Group, Ludwig-
Maximilians-Universität Muenchen, Amalienstr. 54, D-80799

Solar hydrogen production is considered to be as one of the biggest
challenges for future energy supply. Colloidal semiconductor nanopar-
ticles, as sunlight absorber with additional noble metal nanoparticles
as hydrogen catalyst are well known for photocatalytic hydrogen gen-
eration. Many of these systems suffer from low solar to hydrogen
efficiencies unless high cost and rare materials like platinum or ruthe-
nium compounds are used as co-catalysts. We demonstrate that it is
possible to overcome all these problems with CdS nanorods with a very
simple earth-abundant nickel-based co-catalyst. An apparent quantum
yield exceeding 50% and long term stability of more than 200h could
be achieved. We show that the photocatalytic activity is enhanced
ten-fold in highly alkaline environment. Thanks to favourable band
alignment the hydroxide anion acts as a redox shuttle relaying the
hole from the nanocrystals. Since the hole transfer is considered to be
the limiting factor, the quick hole scavenging at high pH is responsible
for the enhancement of photocatalytic hydrogen evolution. [1]

[1] T. Simon, M.J. Berr, A. Vaneski, D. Volbers, R. Wyrwich, M.
Döblinger, A.S. Susha, A.L. Rogach, F. Jäckel, J.K. Stolarczyk, J.
Feldmann, submitted

MM 7.2 Mon 11:00 POT 081
Three-dimensional Ordered Macro-mesoporous Mo:BiVO4
Photoelectrode toward Efficient Photoelectrochemical Wa-
ter Splitting — •Min Zhou1,2, Yang Xu1, Chengliang Wang1,
Liaoyong Wen1, Yong Lei1, and Yi Xie2 — 1Ilmenau University
of Technology, Institute of Physics & IMN MacroNano (ZIK) Prof.
Schmidt-Str. 26, 98693 Ilmenau, Germany — 2University of Science
& Technology of China, Hefei, China

In view of the worldwide energy challenge in the 21st century, the
technology of semiconductor-based photoelectrochemical (PEC) water
splitting has received considerable attention as an alternative approach
for solar energy harvesting and storage.BiVO4 has been regarded as
a promising material for PEC water splitting, but it suffers from a
major challenge on charge migration. In order to meet this challenge,
for the first time, we design a three-dimensional(3D) ordered macro-
mesoporous architecture of Mo:BiVO4 through a controllable colloidal
crystal template method. Within expectation, a superior photocurrent
density is achieved in return for this design. This enhancement origi-

nates primarily from effective charge migration according to the analy-
sis of electrochemical impedance spectroscopy. All the results highlight
the great significance of the 3D ordered macro-mesoporous architec-
ture as a promising photoelectrode model for the application in solar
conversion. The cooperating amplification effects of nanoenegineering
from composition regulation and morphology innovation provide new
opportunities for creating more purpose-designed photoelectrodes with
highly efficient performance.

MM 7.3 Mon 11:15 POT 081
Three-dimensional Composite Aerogels and Other Nanos-
tructures for Improved Electrochemical Property — •Liying
Liang1,2, Yimeng Xu1, Haimei Liu1, and Yong Lei2 — 1Beijing Uni-
versity of Chemical Technology, State Key Laboratory of Chemical
Resource Engineering, 100029 Beijing (PR China) — 2Ilmenau Uni-
versity of Technology, Institute of Physics & IMN MacroNano (ZIK)
Prof. Schmidt-Str. 26, 98693 Ilmenau (Germany)

Three-dimensional (3D) graphene aerogels possess a lot of unique prop-
erties, such as light weight, high conductivity, large surface area, high
mechanical strength, and ample volume with hierarchically porous
structure, which make them widely applied in various technological
fields. Here, 3D porous composite aerogels have been synthesized
via an innovative in situ hydrothermal method assisted by freeze-
drying process. In this hybrid structure, one-dimensional (1D) AgVO3
nanowires are uniformly dispersed on two-dimensional (2D) graphene
nanosheets surfaces or penetrate through the graphene sheets, form-
ing 3D porous composite aerogels. The composite aerogels as cathode
materials for lithium-ion batteries, exhibit high discharge capacity, ex-
cellent rate capability, and good cycling stability. We are also prepar-
ing more novel nanostructures by using AAO templates, which are
expected to provide excellent electrochemical performance.

MM 7.4 Mon 11:30 POT 081
Three-dimensional Metal Oxides Based Nano-arrays Anodes
for Sodium Ion Batteries — •Yang Xu, Min Zhou, Huaping Zhao,
Chengliang Wang, and Yong Lei — Institute of Physics, Ilmenau
University of Technology, 98693 Ilmenau, Germany,

The discovery of new materials/microstructures for electrodes in
sodium ion batteries (NIBs) is receiving high levels of scientific at-
tention, as sodium is substantially less expensive and more abundant
than lithium. However, there is a limited choice of electrode materials
that are suitable hosts to accommodate Na ions and allow for reversible
insertion/extraction reactions, since Na ions are 55% larger in radius
than Li ions. Of those, most have been identified to be potentially use-
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ful as cathodes. On the anode side, hard carbonaceous materials and
insertion of Sn, Sb, Pb, and their alloys based anodes have been demon-
strated to be highly promising. Another emerging class of materials
that remains relatively unexplored in this case is conversion and/or
insertion electrodes using transition metal oxides with reasonably low
insertion potential. We report the successful utilization combining the
nano-structured transition metal oxides and three-dimensional metal-
lic current collector for NIBs anodes, and the results are demonstrated
to be promising: the electrodes exhibited a highly stable reversible
charge storage capacity over long term cycling, and were able to with-
stand high rate cycling with fully recovering the initial capacity. This
proof-of-principle demonstration opens a way forward for future work
on nano-architectures with better NIBs anode performance.

MM 7.5 Mon 11:45 POT 081
First principles study on the electronic properties of NaO2 —
•Markus Heinemann1, Pascal Hartmann2, Conrad L. Bender2,
Philipp Adelhelm2, Jürgen Janek2, and Christian Heiliger1 —
1I. Physikalisches Institut, Justus Liebig University, 35392 Giessen,
Germany — 2Physikalisch-Chemisches Institut, Justus Liebig Univer-
sity, 35392 Giessen, Germany

In the light of the recent discovery of rechargeable room-temperature
sodium superoxide (NaO2) batteries [1], a deeper understanding of the
electronic properties of NaO2 has become of broad interest. We inves-
tigate the electronic structure of NaO2 using the framework of density
functional theory and employ a hybrid functional approach for the ex-
change and correlation interaction. The disordered pyrite structure of
the NaO2 room-temperature phase is modeled by taking into account
various superoxide orientations in our computations. Our band struc-
ture calculations indicate that NaO2 is an insulator with an energy
band gap in the range of 2 eV and that different superoxide align-
ments lead to a broadening of the conduction band. We compare our
calculations to recent experimental investigations on the conductivity
of NaO2.

[1] P. Hartmann, C. L. Bender, M. Vračar, A. K. Dürr, A. Garsuch,
J. Janek, and P. Adelhelm, Nature Mat. 3486, 1 (2012)

MM 7.6 Mon 12:00 POT 081
Photostability of GaN-metal interfaces in aqueous media
— •Carina Ehrig1,2, Ralf Krause1, Christoph Brabec2, and
Günter Schmid1 — 1Siemens AG, CT RTC MAT IEC-DE, Erlan-
gen — 2Lehrstuhl für Werkstoffe der Elektronik- und Energietechnik,

FAU Erlangen-Nürnberg, Erlangen

Gallium nitride (GaN) is a well-established semiconductor in optoelec-
tronic applications. It has a wide band gap of 3.4 eV and is thus
excitable in the near UV range. A promising application of GaN is
its use as a photo electrode driving electrochemical reactions such as
photocatalytic water splitting for generation of hydrogen without con-
sumption of fossil fuel or emission of CO2. The corrosion resistance
of those photo electrodes in aqueous media is one of the main fac-
tors determining their lifetimes and thus plays an important role for
their applicability for highly efficient solar energy conversion. It has
been demonstrated in photocatalytic experiments, that under UV-
illumination n-type GaN acts as oxygen evolving photo anode and
p-type GaN as hydrogen evolving photo cathode.

In the present work, the corrosion resistance of metal-coated n-GaN
and p-GaN photoelectrodes in aqueous media is investigated by elec-
trochemical measurements. The influence of an externally applied po-
tential under light excitation as well as the effect of long-term photo-
induced stress are studied. It is observed that without illumination
the GaN surfaces and GaN-metal interfaces are rather stable, whereas
they undergo different corrosion processes when exposed to UV light.

MM 7.7 Mon 12:15 POT 081
Growth and characterization of 3D graphene networks for su-
percapacitors — •Simon Drieschner and Jose Antonio Garrido
— Walter Schottky Institut, TU München, Am Coulombwall 4, 85748
Garching

The use of graphene as electrode material in supercapacitors has drawn
great interest due to a suitable combination of material properties like
high surface to volume ratio, high conductivity, and chemical stabil-
ity. Since the capacitance of one single graphene sheet is rather lim-
ited, a continuous 3D network of graphene is expected to enhance the
performance of graphene-based supercapacitors. We demonstrate the
growth of 3D graphene by chemical vapor deposition (CVD) using
a nickel foam as scaffold and a wet-etching transfer, yielding a free-
standing macroporous graphene network of high crystalline quality, as
shown by Raman spectroscopy. Cyclic voltammetry, charge-discharge
measurements, and electrochemical impedance spectroscopy are used
to assess the potential of 3D networks of CVD graphene for energy
storage applications. We also compare the electronic double layer ca-
pacitance of bare graphene foam to the pseudo-capacitance introduced
by conductive polymers.

MM 8: Topical Session: Nanomechanics of nanostructured materials and systems II - Thin films

Time: Monday 11:45–13:00 Location: BAR 205

Topical Talk MM 8.1 Mon 11:45 BAR 205
The Fatigue and Time-Dependent Properties of Freestand-
ing and Supported Thin Gold Films Studied by Bulge Tests
— •Benoit Merle and Mathias Göken — Department of Materials
Science and Engineering, Institute I, Friedrich-Alexander-University
Erlangen-Nürnberg, Germany

The bulge test is a method of choice for investigating the mechanical
properties of thin films. Its scope was extended to the study of fatigue
and time-dependent properties of freestanding and SiNx supported 100
- 400 nm gold films. Fatigue testing is performed by cycling the pres-
sure under the membrane up to 105 times, while the stress and strain
in the membrane are continuously measured. Freestanding films ex-
perienced a strong ratcheting leading to failure after a few 104 cycles.
Observations of the surface showed a sliding of individual grains be-
low the level of the original surface. This grain boundary sliding was
obviously eased by the columnar microstructure of the samples. SiNx
supported films did neither experience failure nor such strong effects.
Only a few abnormally large grains showed extrusions after comple-
tion of the fatigue tests. Cyclic creep having been observed for both
kinds of samples, creep tests were performed on them. They evidenced
widespread grain boundary sliding across the freestanding gold mem-
branes, while this mechanism was prevented by the good adhesion of
supported films to their substrate. Strain-rate jump tests showed that
this resulted into freestanding gold films having a strain-rate sensitivity
5 times higher than their counterparts bonded to a SiNx substrate.

MM 8.2 Mon 12:15 BAR 205
Fracture Behavior of Freestanding Thin Metal Films Char-

acterized by Bulge Testing — •Eva Preiß, Benoit Merle, and
Mathias Göken — Department of Materials Science and Engineer-
ing, Institute I, Friedrich-Alexander-Universität Erlangen-Nürnberg
(FAU), Germany

A bulge test setup was used to perform mechanical tests on rectangular
membranes with thicknesses ranging from below 100 nm to 400 nm.
From conventional bulge tests, stress-strain curves can be calculated
and parameters such as residual stress and plane-strain modulus can
be determined. Alternatively, the used setup can be inserted into an
atomic force microscope (AFM). During in-situ bulge testing in the
AFM the surface of the deforming membrane can be imaged.

In order to determine the fracture toughness of thin films, narrow
slits of 10 um length were milled into the center of the membranes by
focused ion beam (FIB). Subsequently, the membranes were loaded un-
til rupture. The fracture toughness obtained for freestanding and sup-
ported gold films is far below the fracture toughness reported for bulk
gold. By in-situ testing in the AFM out-of-plane motion of individual
columnar grains could be revealed as active deformation mechanism in
freestanding films.

MM 8.3 Mon 12:30 BAR 205
Mechanical properties of reactively sputtered ceramic sin-
gle and multilayer thin film structures for dental implants —
•Daniel Muff and Ralph Spolenak — ETH Zurich, Laboratory for
Nanometallurgy, Switzerland

Due to their inherent dark grey color, titanium dental implant screws
can cause undesired darkening of the peri-implant mucosa [1]. Ce-
ramic single and multilayer thin film structures have been developed
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to increase their reflectance based on interference phenomena.
Besides the esthetic function, the mechanical integrity of the coat-

ings is crucial. As implants bend during chewing motions, coatings
have to withstand compressive and, more critically, tensile strains.
Therefore, in-situ tensile testing of the ceramic films on polyimide and
titanium substrates has been carried out in optical and scanning elec-
tron microscopes in order to determine their fracture and delamination
behavior.

It was found that the strain at onset of fragmentation decreases with
increasing film thickness or number of layers. The crack distance sat-
urates at around 10 times the film thickness and is slightly smaller for
coatings on Ti than on polyimide which can be explained by the mis-
match of the elastic constants of film and substrate [2]. While buckle
formation was observed for thin films, thicker films showed severe de-
lamination.

References: [1] SE Park, JD Da Silva, H-P Weber, S Ishikawa-
Nagai (2007) Clinical Oral Implants Research 18: 569. [2] ZC Xia,
JW Hutchinson (2000) Journal of the Mechanics and Physics of Solids
48: 1107.

MM 8.4 Mon 12:45 BAR 205
Influence of the Film Thickness on Fragmentation, Adhe-

sive Failure and Contact Damage of Diamond-Like Carbon
(DLC) Coated Titanium Substrates — •Daniel Bernoulli1,
Andi Wyss1, Kathrin Häfliger1, Kerstin Thorwarth2, Götz
Thorwarth3, Roland Hauert2, and Ralph Spolenak1 — 1ETH
Zurich - Laboratory for Nanometallurgy, Department of Materials,
Zurich, Switzerland — 2EMPA, Swiss Federal Laboratories for Materi-
als Science and Research, Dübendorf, Switzerland — 3DePuy Synthes,
Solothurn, Switzerland

Diamond-like carbon (DLC) coated friction pairs are well-known for
their long durability and outstanding tribological behavior. However,
wear and loose particles trapped between the friction pairs can lead to
the appearance of high pressure on the DLC coating and may result in
contact damage, fragmentation and adhesive failure. The influence of
the DLC film thickness on these three effects is presented in this talk.
The contact damage upon indentation was analyzed by finite element
analysis and experimental studies. For thicker films circumferential
and horizontal cracks are present in the DLC while for thin DLC films
pronounced plastic deformation of the substrate occurs. The fragmen-
tation analysis reveals that a very high DLC fracture strength can be
achieved by keeping the DLC film thickness <1 µm and adhesive fail-
ure correlates with film thickness and the applied strain. For all three
cases an optimal DLC film thickness is presented.

MM 9: Functional Materials II - Oxides and Alloys

Time: Monday 11:45–12:45 Location: IFW A

MM 9.1 Mon 11:45 IFW A
Magnetic characterization and 3D-imaging of epoxy-based
magnetocaloric composites — •Bruno Weise1, Barbara
Pulko2, Konstantin Skokov3, Jaka Tušek2, Oliver Gutfleisch3,
Anja Waske1, and Jürgen Eckert1,4 — 1IFW Dresden, Institute
for Complex Materials, Dresden, Germany — 2University of Ljubl-
jana, Faculty of Mechanical Engineering, Ljubljana, Slovenia — 3TU
Darmstadt, Department of Materials Science, Darmstadt, Germany
— 4Institute of Materials Science, Dresden University of Technology,
Dresden, Germany

Epoxy-based magnetocaloric composites of La-Co-Fe-Si with different
fractions of active material were produced and characterized. Their
magnetic properties, as well as the temperature- and field-dependent
specific heat capacity (cp) were determined. For comparison, a sintered
La-Co-Fe-Si and a Gadolinium sample, which is a benchmark mate-
rial for magnetocaloric materials, was measured. From the specific
heat, entropy change ∆S and temperature change, ∆T was calculated
and compared with magnetic measurements (∆SM ) and direct mea-
surements (∆T direct). Furthermore by using Computed Tomography
(CT) exact volume fractions of the active magnetocaloric material, the
epoxy and the porosity were studied. We will discuss the magnitude of
the magnetocaloric effect with respect to the active magnetic material
and the role of the porosity.

MM 9.2 Mon 12:00 IFW A
Interface-related phenomena in coupled direct and in-
verse magneto-caloric materials: A first-principles study —
•Biswanath Dutta, Tilmann Hickel, and Jörg Neugebauer —
Max-Planck-Institut für Eisenforschung GmbH, D-40237 Düsseldorf,
Germany

A combination of different magneto-caloric materials in a single sys-
tem gives rise to new phenomena that can be highly relevant for ap-
plications. Within this study, we investigate the physical properties
of systems containing Ni-Mn-Ga and Ni-Mn-Sn, which show direct
and inverse magneto-caloric effect respectively. X-ray diffraction ex-
periments indicate that their combination in a layered structure sig-
nificantly changes the structural properties of both phases. We have
investigated the underlying mechanisms for this observation using den-
sity functional theory. On the one hand, our calculations reveal that
the atomic magnetic moments get modified near the interface implying
that interfaces influence transition temperatures and entropy changes.
On the other hand, we have carefully investigated strain contributions,
interlayer diffusion as well as defect formation such as vacancies. Our
calculated results show clear indications for Ga diffusion into Ni-Mn-

Sn, thereby modifying the chemistry of the alloy. We discuss these
results in the framework of lattice expansion and vacancy formation
for various species and have used them to explain the experimental
observations.

MM 9.3 Mon 12:15 IFW A
Recent progress in development of Fe-Pd ferromagnetic
shape memory films and foils for biomedical applications —
Y. Ma1, A. Arabi-Hashemi1, A. Landgraf1, U. Allenstein1,3, M.
Zink3, and •S.G. Mayr1,2,3 — 1Leibniz-Institut für Oberflächenmod-
ifizierung e.V. Leipzig — 2Translationszentrum für regenerative Medi-
zin — 3Fakultät für Physik und Geowissenschaften, Universität Leipzig

Due to their excellent biocompatibility, Fe-Pd based ferromagnetic
shape memory alloys are highly promising materials for use as ac-
tuators or sensors in biomedical applications. Yet, their application
within these areas has been hampered by unresolved issues, including
i) synthesis as freestanding single-crystals in the desired fct marten-
site phase, ii) optimization for a martensite temperature located suffi-
ciently above body temperature, iii) activation of twin boundary mo-
tion and iv) mechanical coupling to cells. The present contribution
will review recent progress in coping with challenges i)-iv), employing
molecular beam epitaxy for single crystal synthesis, ion beam irradi-
ation for tuning martensite transformation, film-lift-off by a tailored
etching approach, followed by functionalization with biomolecules for
interfacing to cells. In doing so, we particularly focus on the physi-
cal understanding, how synthesis parameters affect resulting properties
and functionality.

MM 9.4 Mon 12:30 IFW A
Electrical and magnetic properties of Fe-based bulk metallic
glass with minor Co and Ni addition — •Hyo Yun Jung — IFW
Dresden, Institute for Complex Materials, D-01069 Dresden, Germany

Effect of minor Co and Ni alloying on soft magnetic properties and elec-
trical resistivity (ρ) of Fe75.5C7.0Si3.3B5.5P8.7 (at.%) bulk metallic
glass (BMG) has been investigated. Within examined compositional
range (Co and Ni up to 4 at.%), the saturation magnetization (Ms)
and ρ of the alloy continuously decrease with increasing Co and Ni
contents, while the Curie temperature (Tc) and initial permeability of
the alloy increase. Comparing the effect of Co and Ni additions, the
alloys with Co addition have much higher Tc and Ms than the alloy
with Ni addition. The present results suggest that minor addition of
Co can provide better effectiveness to enhance the magnetic softness
of Fe-based BMGs than minor Ni addition.
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MM 10: Computational Materials Modelling II - Theory/Numerics

Time: Monday 11:45–13:15 Location: IFW D

MM 10.1 Mon 11:45 IFW D
Accurate ab-initio elastic properties at 0K and above: The
ElaStic tool — •Jürgen Spitaler1, Rostam Golesorkhtabar2,
Pasquale Pavone2, Claudia Draxl2, and Peter Puschnig3 —
1Materials Center Leoben Forschung GmbH, Roseggerstr. 12, 8700
Leoben, Austria — 2Institut für Physik, Humboldt-Universität zu
Berlin, 12489 Berlin, Germany — 3Institut für Physik, Karl-Franzens-
Universität Graz, Universitätsplatz 5, 8010 Graz, Austria

Elastic properties are a key for understanding the mechanical behav-
ior of materials. ElaStic [1] greatly facilitates a reliably determina-
tion of elastic constants for materials with any lattice type from first-
principles. Results for various materials at 0K will be presented, in-
cluding systems with low symmetry. At the same time, some nuts and
bolts of elastic-constant calculations will be discussed. We will show,
how the formalism can be extended towards finite temperatures, either
implicitly via the lattice expansion, or explicitly by fitting free energy
versus strain. Its application will be demonstrated for a prototypical
example.

[1] R. Golesorkhtabar, P. Pavone, J. Spitaler, P. Puschnig, and C.
Draxl, Comp. Phys. Commun. 184 (2013), 1861

MM 10.2 Mon 12:00 IFW D
KKRnano: DFT for nano-scale systems — •Elias Rabel,
Rudolf Zeller, and Stefan Blügel — Peter Grünberg Institut
and Institute for Advanced Simulation, Forschungszentrum Jülich and
JARA, D-52425 Jülich

The screened KKR Green’s function method has been implemented in
our code KKRnano [1] for all-electron DFT calculations of unit cells
containing thousands of atoms. KKRnano has been successfully ap-
plied in the study of phase-change materials and dilute magnetic semi-
conductors. The KKR method considers multiple scattering of partial
waves up to a maximal angular momentum `max. Motivated by the
idea that at long-range low `-components dominate the scattering, we
employ a distance dependent angular momentum cut-off of the Green’s
function to reduce the effective matrix size with little compromise in
accuracy. The special case of neglecting all partial waves scattered from
reasonably large distances leads to an O(N)-scaling method. Combin-
ing this approach with the capacities of present day supercomputers,
DFT calculations of more than 100000 atoms become technically fea-
sible. The question of attaining sufficiently accurate, self-consistent
solutions has to be addressed. We present extensions of the program
for calculations of amorphous structures and structural relaxations.
[1] A. Thiess et al., Phys. Rev. B 85, 235103 (2012).

MM 10.3 Mon 12:15 IFW D
Large scale supercell calculations for forces around substitu-
tional defects in NiTi — •Rudolf Zeller — IAS-3, Forschungszen-
trum Jülich GmbH

Density functional calculations are used to investigate the force field
arising from substitutional Ni and Cu defect atoms on Ti sites in the
shape memory alloy NiTi. The forces for the unrelaxed atomic po-
sitions are calculated by the Korringa-Kohn-Rostoker (KKR) Green-
function method for the experimentally found monoclinic B19’ ground
state structure. The force pattern in the vicinity of the defect atoms is
markedly different between 32-atom and 256-atom supercells while it
is nearly the same between 256-atom and 2048-atom supercells. This
difference is explained by symmetry arguments and its possible im-
plication on the concentration dependence of the transition from the
high temperature B2 phase to the low temperature B19’ or strain glass

phases is discussed.

MM 10.4 Mon 12:30 IFW D
Analytic Bond-Order Potential for Fe and Fe-C — •Sebastian
Schreiber, Thomas Hammerschmidt, and Ralf Drautz — Ruhr-
Universität Bochum, Universitätsstr. 150, 44801 Bochum

The analytic bond-order potential (BOP) is an interatomic potential,
that provides a linear scaling solution to the tight-binding (TB) energy.
It includes itinerant magnetism and charge transfer explicitly and may
be viewed as a systematic extension of second-moment models (e.g.
Finnis-Sinclair) to include higher moment contributions. In the ana-
lytic BOPs the bond-order, the density of states, the atomic magnetic
moments and charges adjust self-consistently according to the atomic
environment. The analytic BOP also provides exact derivatives of the
energy for calculating forces and stress.

Here, we demonstrate the transferability of recently developed TB
models for Fe and Fe-C to the analytic BOP formalism. We present
BOP simulations for core structures and Peierls barriers of a/2[111]-
screw-dislocations in α-Fe. We also discuss the interaction of these
line-defects with carbon impurity atoms and its impact on plastic de-
formation.

MM 10.5 Mon 12:45 IFW D
Efficient implementation of analytic bond-order potentials
— •Thomas Hammerschmidt1, Sebastian Schreiber1, Bernhard
Seiser2, Michael Ford2, David Pettifor2, and Ralf Drautz1 —
1ICAMS, Ruhr-Universität Bochum, Germany — 2MML, University
of Oxford, United Kingdom

The bond-order potentials (BOPs) are based on tight-binding (TB)
models that are derived from density-functional theory. The BOPs
provide an approximation to the TB energy that can be systemati-
cally improved by increasing the number of moments considered in the
expansion. At the lowest level of two moments, the BOPs are equiva-
lent to the Finnis-Sinclair potential and the closely related embedded-
atom method. By taking into account higher moment contributions
a systematic convergence to the TB energy is observed. We present
an efficient implementation of analytic BOPs in close connection to
a review of the BOP methodology. We will particularly discuss the
fast identification of self-returning hoppings paths, the linear-scaling
implementation of analytic forces and the performance of different self-
consistency schemes. We will present recent results for several materi-
als to illustrate the application to large-scale simulations.

MM 10.6 Mon 13:00 IFW D
Self-energy electronic structure renormalization effects in
first-principles calculations of solids — •Alberto Marmodoro1,
Arthur Ernst1, Paolo Trevisanutto2, and Leonid Sandratskii1

— 1Max-Planck-Institut für Mikrostrukturphysik, Halle — 2Istituto
Italiano di Tecnologia, Lecce

We report on a first-principles KKR-DFT calculation scheme for the
evaluation of finite relaxation time and general bands structure renor-
malization effects for electrons in a solid. These are expressed in terms
of an ad-hoc self-energy term on top of a reference hamiltonian, to
which higher order corrections may be added. The case of substitu-
tional disorder represents a well-known possible mechanism that gives
raise to such phenomenology, here further pursued in the particular
direction of including low-lying excitations above the globally colinear
magnetic ground state of a magnetic material.
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MM 11: Microstructure and Phase Transformations II - Nucleation/Solidification

Time: Monday 11:30–13:00 Location: IFW B

MM 11.1 Mon 11:30 IFW B
Determination of nucleation rates in a miscibility gap —
•Christian Simon1, Yikun Zhang1,2,3, and Gerhard Wilde1 —
1Westfälische Wilhelms Universität Münster, Wilhelm-Klemm-Str.10,
48149 Münster — 2Key Laboratory of Electromagnetic Processing
of Materials, Northeastern University, Shenyang 110004, China —
3Institut für Materialphysik im Weltraum, Deutsches Zentrum für
Luft- und Raumfahrt (DLR), 51147 Köln

A wetting transition from partial wetting to complete wetting is possi-
ble in alloys with a liquid miscibility gap. At a temperature Tp below
the critical temperature Tc the alloy separates in a two-phase liquid
system which plays an essential role in the microstructure formation
of monotectic alloys. One of the liquid phases covers completely the
surface of the other phase and the container walls. After the solidifica-
tion of the first phase, this phase may act as heterogeneous nucleation
site for the second phase. We present data of the Bismuth-Gallium
system that has a miscibility gap with a critical point at 70 at% Gal-
lium. The aim of the present study is the analysis of the nucleation
rate of the crystalline phases with and without a liquid phase separa-
tion. We use a self-designed fast scanning calorimeter (up to 10 000
K/s) with nanowatt resolution in order to measure a statistical rele-
vant data set of nucleation temperatures. With the help of the fast
scanning calorimeter, we are able to prevent long range phase separa-
tion by fast cooling. The nucleation rate is evaluated by a statistical
analysis that treats nucleation as a non-homogenous Poisson process.

MM 11.2 Mon 11:45 IFW B
Dependence of accessible undercooling on prior liquid over-
heating by differential fast scanning calorimeter — •Bin
Yang1, John H. Perepezko2, Jürn W. P. Schmelzer1, Yulai
Gao3, and Christoph Schick1 — 1Institute of Physics, Univer-
sity of Rostock, Wismarsche Str. 43-45, 18051 Rostock, Germany
— 2Department of Materials Science and Engineering, University of
Wisconsin-Madison, 1509 University Avenue, Madison, WI 53706,
USA — 3School of Materials Science and Engineering, Shanghai Uni-
versity, Shanghai 200072, P.R. China

The dependence of accessible undercooling on prior overheating of a
pure tin single micron-sized droplet was studied by differential fast
scanning calorimetry (DFSC) with cooling rates from 500 to 10,000
K/s. It is observed experimentally that (i) the degree of undercool-
ing increases first gradually with increasing of prior overheating and
reaches then an undercooling plateau; (ii) the accessible undercooling
increases initially with increasing cooling rate. However, above a cer-
tain cooling rate the accessible undercooling decreases strongly with
increasing cooling rate. For overheating levels above that for the onset
of the undercooling plateau the undercooling increases with increasing
cooling rate. These observed unusual behavior is successfully explained
by heterogeneous nucleation in cavities. This mechanism can possibly
also describe nucleation in other similar rapid solidification processes.

MM 11.3 Mon 12:00 IFW B
Analysis of the size effect and interfacial structure on the
solidification and melting behavior of embedded Bi nanopar-
ticles — •Tae Eun Song, Martin Peterlechner, and Gerhard
Wilde — Institute of material physics, Wilhelm-Klemm-Strasse, D-
48149, Münster, Germany

Abstract Bi nanoparticles embedded in Zn or Al matrices were synthe-
sized by rapid solidification and casting. The kinetics of Bi nanopar-
ticles solidification has been examined by heating and cooling exper-
iments in a differential scanning calorimeter (DSC). Upon heating in
the DSC two Bi melting signals occur, one close to the eutectic tem-
perature and the other at a lower temperature. Subsequent cooling
leads to two solidification signals. Some Bi particles solidify at a small
undercooling with a sharp exothermic peak, whereas other Bi parti-
cles solidify at a larger undercooling with a broad exothermic peak.
The microstructure was analyzed by transmission electron microscopy
(TEM). Cast samples show embedded Bi particles with a size larger
than 80 nm and melt spun samples show embedded Bi nanoparticles
with a size larger than 5 nm. The Bi nanoparticles that have an elon-
gated and faceted morphology show an orientation relationship with
the matrix. The solidification is interpreted using the classical theory
of heterogeneous nucleation. Analysis of the results emphasizes the

important role of the local microstructure of embedded Bi nanopar-
ticles and of the liquid*solid interface of embedded Bi nanoparticles
with matrix.

MM 11.4 Mon 12:15 IFW B
Dendritic growth of tenfold twins from an undercooled melt
of NiZr — •Raphael Kobold1,2, Wolfgang Hornfeck1, Matthias
Kolbe1, and Dieter Herlach1,2 — 1Institut für Materialphysik im
Weltraum, Deutsches Zentrum für Luft- und Raumfahrt, 51170 Köln,
Germany — 2Ruhr-Universität Bochum, 44780 Bochum, Germany

The solidification of the intermetallic, congruent melting binary al-
loy Ni50Zr50 is studied in a temperature regime between the melting
and the glass transition temperature. This system is well known as
a good glass former in a broad concentration range of 30 to 80 at.%
Zr. It is studied as a glass forming material, but it has as well a
rare behaviour in solidification. We use electrostatic levitation tech-
nique to melt and undercool samples with a diameter of 2-3 mm under
ultra-high-vacuum conditions. Containerless processing is an effective
tool for undercooling metallic melts far below their equilibrium melt-
ing temperatures since heterogeneous nucleation on container walls is
completely avoided. During crystallisation the rapid increase of the
temperature at the solid-liquid interface makes the solidification front
visible. The solidification front is recorded by using a high-speed cam-
era with a frame rate of 10.000 (1024x744) frames per second. At high
undercoolings the solidification front of Ni50Zr50 shows features which
make the investigation of its solidification behaviour particularly in-
teresting. We observed the growth of a solidification front with 10-fold
symmetry at a high undercooling temperature of approximately 300 K
and a cooling rate of 53 K/s. Funding by Deutsche Forschungsgemein-
schaft, under grant HE1601/18.

MM 11.5 Mon 12:30 IFW B
Kristallisationsverhalten und Kompositionsbestimmung von
GeSbTe auf Si(111) mittels in-situ Transmissionselektronen-
mikroskopie und Elektronenenergieverlustspektroskopie —
•Katja Hagemann, Xiang Kong und Achim Trampert — Paul-
Drude-Institut für Festkörperelektronik, Berlin, Deutschland

Die Funktionalität von Phasenwechselmaterialien wie Ge-Sb-Te-
Verbindungen (GST) basiert auf einer schnellen und reversiblen
Phasenumwandlung zwischen amorphem und kristallinem Zustand.
An dieser Stelle wird zunächst der amorphe Ausgangszustand
strukturell analysiert und beschrieben. Anschließend wird der Ein-
fluss eines einkristallinen Si-Substrats auf das Kristallisationsverhal-
ten mittels in-situ Transmissionselektronenmikroskopie (TEM) im
Temperaturbereich von Raumtemperatur bis 600◦C untersucht. Im
Bereich der amorph-kristallinen Übergangstemperatur (120-140◦C)
wird ein homogenes Keimbildungsverhalten mit einem anschlie-
ßenden lateralen Kornwachstum beobachtet. Oberhalb der zweiten
Übergangstemperatur (400-600◦C) konnte erstmals eine Umorientie-
rung und Ausrichtung der Kristallstruktur bezüglich des Substartes
beobachtet werden. Es werden zwei Mechanismen zur Ausbildung die-
ser Orientierung diskutiert. Für die eingehende Untersuchung ist ei-
ne exakte Bestimmung der chemischen Komposition insbesondere in
Hinblick auf die Homogenität auf der Nanometer-Skala entscheidend.
Die Bestimmung der chemischen Zusammensetzung des ternären GST
erfolgte mittels Elektronenenergieverlustspektroskopie (EELS) sowohl
am amorphen Ausgangszustand wie auch am kristallinen Endzustand.

MM 11.6 Mon 12:45 IFW B
Dendritic growth kinetics of undercooled Fe-B alloy melts
— •Christian Karrasch1,2, Thomas Volkmann1, and Dieter
Herlach1,2 — 1Institut für Materialphysik im Weltraum, Deutsches
Zentrum für Luft- und Raumfahrt (DLR), 51170 Köln, Germany —
2Institut für Experimentalphysik IV, Ruhr-Universität Bochum, 44780
Bochum, Germany

In metallic alloys dendritic growth is the major crystal growth mode
controlling the evolution of the microstructure during solidification.
The present work investigates the growth kinetics on pure Fe and Fe-
B alloy melts in order to verify models for dendritic growth in under-
cooled melts. In detail, we analyze the effect of solute redistribution
and solute trapping on the rapid growth of dilute Fe-1 at.% B alloy
with B showing a small partitioning coefficient. For in-situ studies on
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deeply undercooled melts electromagnetic levitation technique (EML)
is used. The rapid solidification is recorded by a high-speed camera.
Undercoolings from 50 K to 300 K prior to solidification leads to growth
velocities of several cm/s up to m/s. Concerning terrestrial EML the
electromagnetic field necessary for levitation induces strong convective
fluid flow inside the melt. To investigate the effect of convection on the

growth kinetics experiments on parabolic flight are carried out under
reduced gravity conditions. The microstructure of the solidified sample
is analyzed by SEM and EBSD. Experimental results will be presented
and discussed in the frame of current models for dendritic growth in
undercooled melts. This research work is supported by DFG contract
HE1601/18 and by ESA under contract 4200020277 and 4200014980.

MM 12: Invited Talk (Hauptvortrag) Hart

Time: Monday 15:00–15:30 Location: BAR 205

Invited Talk MM 12.1 Mon 15:00 BAR 205
Building Thermodynamic Models Made Easy: A Bayesian
Compressing Sensing Approach to Automatically Cluster-
Expanding 1500 Alloy Systems — •Gus L. W. Hart1, Lance
J. Nelson1, Conrad W. Rosenbrock1, Fei Zhou2, and Vidvuds
Ozolins2 — 1Dept. of Physics and Astronomy, Brigham Young Univ.,
Provo UT 84602 USA — 2Dept of Mat. Sci. and Engineering, Uni-
versity of California, Los Angeles CA 90095 USA

When building physical models (truncated expansions, force-fields,
etc.), one often employs the widely-accepted intuition that the physics
is determined by a few dominant terms. This reductionist paradigm

is limited because the intuition for identifying the those terms often
does not exist or is difficult to develop. A ”Bayesian compressive
sensing” technique provides simple, general, and computationally effi-
cient solution to this challenge. Combined with the high-throughput
first principles approach to materials, BCS makes it possible to auto-
matically build models for binary alloy models without human moni-
toring. Furthermore, the method can automatically adjust to generate
the simplest model (fewest terms) that meets a specific accuracy re-
quirement. Beyond the alloy applications, our BCS code can readily
be applied to other model building problems. One merely needs a
basis representation and training data to build a model in just a few
seconds.

MM 13: Topical Session: Nanomechanics of nanostructured materials and systems III - Small
scale plasticity

Time: Monday 15:45–17:45 Location: BAR 205

Topical Talk MM 13.1 Mon 15:45 BAR 205
Elevated Temperature, In-situ Microcompression Methods
— •Johann Michler, Rejin Raghavan, and Jeffrey Wheeler —
EMPA,Thun, Switzerland

The small size of nano-mechanical testing equipment creates oppor-
tunities for incorporating the equipment into different micro-analysis
instruments: SPM, SEM, EBSD, optical probes, etc. This allows in
situ sample surface imaging and in-situ microstructure analysis dur-
ing mechanical testing. In the first part of the talk, we will describe
a general nano-mechanical test platform capable of performing vari-
able temperature and variable strain rate testing of micropillars in
situ in the scanning electron microscope. Stable, elevated temperature
indentation/micro-compression requires the indenter tip and the sam-
ple to be in thermal equilibrium to prevent thermal displacement drift
due to thermal expansion. This is achieved through independent heat-
ing and temperature monitoring of both the indenter tip and sample.
Furthermore, the apex temperature of the indenter tip is calibrated,
which allows it to act as a referenced surface temperature probe during
contact. In the second part of the talk, several case studies based on
elevated temperature microcompression experiments will be presented:
shear band kineticts in amorphous metals, brittle ductile transitions in
Silicon, GaAs, GaN and InSb micropillars, and mechanical behaviour
of nanolaminates.

MM 13.2 Mon 16:15 BAR 205
Finite volume effects on dislocation organization and as-
sociated size effects in strength — •Erica Lilleodden and
Henry Ovri — Institute of Materials Research, Materials Mechan-
ics, Helmholtz-Zentrum Geesthacht

The nearly universal observation of size effects from nanoindentation
and microcompression experiments in metals has led to heated debate
regarding the physical basis of such behaviors. Much research in this
area has focused on the scaling of stress with deformation length scale,
and largely ignores the important observation of the inherently jerky
load-displacement response common to both experiments. Borrowing
ideas from self-organized criticality, it is argued here that consider-
ation of the displacement bursts in relation to the deformation and
microstructural length-scales can help provide a framework for un-
derstanding size effects in plasticity. The talk will focus on single
crystalline high purity Mg and the Mg alloy AZ31 of two orientations
associated with dislocation plasticity (i.e., no twinning), where the ac-
tive slip systems for the two orientations have significantly different
Peierls barriers. In this way, we are able to differentiate the influence

of intrinsic lattice strength and alloying content. It will be shown that
the distribution of displacement bursts and their associated stresses
can be used to investigate the combined influences of finite volumes
and material & microstructural parameters on the organization of dis-
location structure and resultant stress-strain response.

MM 13.3 Mon 16:30 BAR 205
Size-dependent plasticity in KCl and LiF single crystals: In-
fluence of orientation, temperature, pre-straining and doping
— •Yu Zou and Ralph Spolenak — Laboratory for Nanometallurgy,
Department of Materials, ETH Zurich, Zurich, Switzerland

Size dependence of plasticity is generally observed and intensively stud-
ied in metallic systems, but it is rarely investigated in ionic crystals.
In this work, two typical ionic crystals with the rocksalt structure, KCl
and LiF, were investigated using micro-compression technique. Single-
crystalline KCl and LiF pillars with diameters ranging from four mi-
crons to two hundred nanometers were produced by focused ion beam
milling. The pillars were compressed using a flat-punch tip in a nanoin-
denter, along [001]- and [111] orientations and at both room tempera-
ture and ˜200 ◦C. Pre-strained [111] LiF and CaCl2 doped [001] KCl
pillars were compressed as well. We found that, in contrast to KCl, the
size-dependence in LiF pillars is more sensitive to the orientation and
temperature change. [111] LiF exhibit smaller size dependence and
displacement bursts than the other pillars measured. The results also
show that the pre-straining strengthens [111] LiF pillars in micron-
sized range but weakens them in submicron-sized range, resulting a re-
duced size-effect exponent. The doping in [001] KCl slightly increases
strength levels and decreases the size dependence. Generally, in terms
of size-effect phenomenon, [111] LiF is similar as body-centered-cubic
metals, while [001]- and [111] KCl and [001] LiF are comparable with
face-centered-cubic metals. The additivity of strengthening mecha-
nisms is critically discussed.

15 min break

MM 13.4 Mon 17:00 BAR 205
Influence of microalloying on the mechanical properties
of molybdenum disilicide — •Carolin Puscholt1, Steffen
Neumeier1, Mathias Göken1, and Sandra Korte-Kerzel2 — 1FAU
Erlangen-Nürnberg, Germany — 2RWTH Aachen, Germany

Molybdenum disilicide (MoSi2) is a very promising candidate material
for high temperature structural applications due to its high melting
point (2030◦C), low density and good oxidation resistance. However,
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the use of the pure material is limited by its low fracture toughness
below 900◦C which is associated with the plastic anisotropy and the
high critical resolved shear stress on particular slip systems.

Microalloying of MoSi2 clearly enhances the room temperature duc-
tility. For example, Ta, Al and Nb increase the ductility due to the
activation of an additional slip system. However, the underlying mech-
anisms by which ductility is improved remain poorly understood, pre-
dominantly due to the difficulties encountered in low temperature ex-
periments along the most brittle crystal orientation [001].

Here, this problem is overcome by using characterization methods
at the microscale. A combination of uniaxial testing, where cracking
is suppressed and hence the critical resolved shear stresses in specific
crystal orientations can be determined individually, and nanoindenta-
tion in conjunction with EBSD and TEM was used. Results on pure
and microalloyed MoSi2 with Tantalum will be presented, focusing on
the influence of microalloying on the critical resolved shear stresses of
particular slip systems.

MM 13.5 Mon 17:15 BAR 205
On The Importance Of Twinning Wedges in Nanowhisker
Bending — Johannes J. Möller, Wolfram Nöhring, and
•Erik Bitzek — Department of Materials Science and Engineering,
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU)

Single crystalline metallic nanowhiskers have attracted substantial in-
terest due to their special mechanical behavior. Similar to other nanos-
tructured metals, like nano-pillars, thin films and nanocrystalline sam-
ples, they show a pronounced ”smaller is stronger”-effect. However,
not only the strength but also the deformation mechanisms can be
size-dependent. Recently, twinning has been observed to be the gov-
erning deformation mechanism of <110>-oriented gold nanowhiskers
under tension, whereas under compression they deform by nucleation
and glide of full dislocations. Here, we address the question how
nanowhiskers deform under bending loads. For this purpose we per-
formed atomistic simulations of Au, Cu and Mo nanowhiskers using

set-ups modeling three-point bending and the bending of a clamped
cantilever beam. Independent on temperature, deformation rate, size
and aspect ratio, the occurrence of wedge-shaped twins in the tensile
region of the bent whisker was a characteristic feature in all simula-
tions. Whereas the tendency for twinning can be explained by an-
alyzing the generalized stacking fault energy and the resolved shear
stresses on the partial dislocations, the particular wedge shape of the
twins can be directly rationalized by the strain gradient within the
bent whiskers.

MM 13.6 Mon 17:30 BAR 205
Mechanical stability of quasi one-dimensional nanostruc-
tures (nanowires) — •Charlotte Ensslen, Oliver Kraft, and
Reiner Mönig — Karlsruhe Institute of Technology, Eggenstein-
Leopoldshafen, Germany

Nanostructured materials are of interest for both fundamental scien-
tific and applied research which can be ascribed to their outstanding
mechanical properties, e.g. Au nanowires can exhibit high strength
and ductility. In general, it can be observed that a decrease in the
sample dimension results in an increase in strength known as mechan-
ical size effect. However, data considering the mechanical properties
of nanostructures with dimensions smaller than 100 nm are still rare
and the corresponding deformation mechanisms and the interrelations
of the microstructure, e.g. the role of inherent defects, have not been
fully understood. In order to develop a profound understanding of the
role of defects for the deformation mechanisms of single- and polycrys-
talline nanowires we make use of a helium ion microscope. It offers the
possibility to design and modify nanostructures, altering the surface
characteristics or creating nanopores in the nanowire prior to mechan-
ical testing. The stress-strain curves and the deformation mechanisms
of pristine and modified Au and Si nanowires are presented as recent
examples. Whereas modified Si nanowires show a decreased tensile
strength and a brittle failure at the defects, the mechanical behavior
of modified Au nanowires seems to be independent of the defects.

MM 14: Functional Materials III - Li ion batteries

Time: Monday 15:45–17:15 Location: IFW A

MM 14.1 Mon 15:45 IFW A
Studying the phase growth in LFP thin films — •Fabian
Wunde1, Frank Berkemeier1, and Guido Schmitz2 — 1Institut
für Materialphysik Universität Münster — 2Institut für Materialwis-
senschaft Universität Stuttgart

Lithium Iron Phosphate (LFP) is one of the state of the art cathode
materials for lithium ion batteries. In this work, LFP thin films be-
tween 100 and 300 nm are deposited by ion beam sputtering. These
films exhibit a reasonable electrochemical capacity and excellent cy-
cle life stability, which makes them capable for fundamental research,
like diffusion studies. Therefore, detailed cyclic voltammetry (CV)
measurements are carried out on the films.According to Randles and
Sevcik, the peakcurrent of the CV diagrams is found to be proportional
to the squareroot of the scan rate, but studies on LFP films of differ-
ent thickness also show a proportionality to the film thickness. The
latter differs from the theory of Randles and Sevcik and is expected
to be due to the two-phase nature of LFP, forming a lithium-rich and
a lithium-poor phase.Therefore, we numerically study the growth and
descent of the two phases, by means of finite differences methods, us-
ing a discrete diffusion model and chemical potentials obtained from
the regular solution. Within these studies, the time-dependence of the
lithium content of the LFP is evaluated, and correlated to the experi-
mental data.

MM 14.2 Mon 16:00 IFW A
The electrocapillary coupling in aprotic lithium elec-
trolytes — •Tobias Kitzler1, Jürgen Markmann1,2, and Jörg
Weißmüller1,2 — 1Helmholtz-Zentrum Geesthacht — 2Technische
Universität Hamburg-Harburg

During lithium loading and unloading into metal anodes, the electrodes
undergo considerable volume change. Whenever there are gradients
in composition, the volume change is accompanied by large internal
stress. Depending on the mechanism of solution of Li into the elec-
trode material, this results in different values for the electrocapillary
coupling parameter (ECCP), which is here a change of apparent sur-

face stress with apparent surface charge density and can be measured
using the identity with change of electrode potential with elastic strain.
Therefore the potential dependent ECCP can be used to analyse the
Lithium solution mechanisms. In this talk, we present experimental
results for the ECCP of a thin film gold electrode which was mea-
sured from the potential modulation when the electrode was cyclically
strained in-situ during lithiation. We show supporting in-situ x-ray
lattice parameter data, also measured on the films in-situ during lithi-
ation. The underlying microscopic processes are discussed in relation
to the observed ECCP.

MM 14.3 Mon 16:15 IFW A
All solid-state batteries using lithium iron phosphate and
tin as electrodes — •Susann Nowak1, Frank Berkemeier2, and
Guido Schmitz1 — 1Institut für Materialwissenschaften, Heisen-
bergstr. 3, 70569 Stuttgart — 2Institut für Materialphysik, Wilhelm-
Klemm-Str. 10, 48149 Münster

Thin-film all solid-state batteries have been prepared using lithium
iron phosphate (LFP) as the cathode, lithium phosphoroxide oxyni-
tride (LiPON) as a solid-state electrolyte, and tin as an anode. All
layer preparations are carried out using ion beam sputtering which
yields a battery of below 1 µm thickness on oxidized silicon. These all
solid-state battery is characterized by means of electrochemical prop-
erties using chronopotentiometry (CP) and electrochemical impedance
spectroscopy (EIS). Additionally the micro structure of the cells is in-
vestigated by transmission electron microscopy (TEM) and electron
diffraction. It is found that in comparison to a system in liquid elec-
trolyte (lithium perchlorate in EC/DEC) the all solid-state system
gives very similar results and therefor presents an interesting and suit-
able model system for further studies of the behavior of lithium ion
batteries, for example the investigation of the behavior at higher tem-
peratures than possible in case of a liquid electrolyte.

MM 14.4 Mon 16:30 IFW A
Diffusion and Interface Transport in LCO Thin-Films —
•Frank Berkemeier, Tobias Stockhoff, and Guido Schmitz —
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Universität Münster, Institut für Materialphysik, Wilhelm-Klemm-Str.
10, 48149 Münster

Lithium cobalt oxide (LCO) thin-films are prepared by ion-beam sput-
ter deposition. The capability of the films to reversibly store and
release lithium ions is proven by cyclic voltammetry and chronopoten-
tiometry. It is demonstrated that the lithium concentration of the films
can be reliably determined by electrochromic absorbtion technique us-
ing visible light, which even allows to measure the time-dependence
of the lithiation/delithiation reaction. Using this electrochromic ab-
sorbtion technique, the intercalation of lithium into LCO is studied
in case of films between 10 and 400 nm in thickness. To describe the
intercalation reation in a proper way, it is found that – apart from the
volume diffusion – the interface transport of lithium has to be taken
into account. Therefore, we suggest a diffusion model which includes
an interface transport coefficient that consideres the transfer of lithium
ions from the liquid electrolyte into the LCO. Using this model, we are
able to accurately describe the experimental data, and deterime the
interface transport coefficient to ≈ 10−7 cm/s.

MM 14.5 Mon 16:45 IFW A
Functional Thin-Films for Li-Ion Batteries Grown by
Novel CO2-Laser Assisted Chemical Vapor Deposition
— •Christoph Loho1, Azad Darbandi1,2, Ruzica Djenadic1,3,
Oliver Clemens1,2, and Horst Hahn1,2,3 — 1Joint Research Lab-
oratory Nanomaterials, Technical University of Darmstadt and Karl-
sruhe Institute of Technology, Germany — 2Institute of Nanotech-
nology, Karlsruhe Institute of Technology, Germany — 3Helmholtz
Institute Ulm, Germany

Over the last decades a progressive miniaturization of electronic com-
ponents took place. As a result there is an increasing demand for
micro-sized power sources, which drives the current research on thin-
film batteries. Among the applications are RFID tags, pacemakers, en-

ergy harvesting and lab-on-a-chip devices. In this respect an all-solid-
state thin-film battery is desirable, since its excellent safety properties
and easy integration in microelectronics are outstanding advantages.

We report on the functional thin-film synthesis via CO2-laser as-
sisted chemical vapor deposition (LACVD). The use of a CO2-laser as
part of the precursor delivery system is unique in the field of thin-film
deposition so far and thus will be introduced. Furthermore, the char-
acterization of a cathode (LiCoO2) as well as solid-state electrolyte
(Li7La3Zr2O12) material for thin-film Li-ion batteries is presented.
In addition to results on the microstructure and composition of these
materials we give an account of their electrochemical performance.

MM 14.6 Mon 17:00 IFW A
Effect of Ni-doping on structural, magnetic and electrochem-
ical properties of LiMn1−xNixPO4 — •Alexander Ottmann1,
Carsten Jähne1, Hans-Peter Meyer2, and Rüdiger Klingeler1

— 1Kirchhoff-Institute for Physics, University of Heidelberg, Germany
— 2Institute of Earth Sciences, University of Heidelberg, Germany

Nanoscaled polycrystalline LiMn1−xNixPO4 with a doping level of x
up to 0.45 has been synthesized via a microwave-assisted hydrother-
mal route. Characterization of the materials by means of X-ray powder
diffraction, scanning electron microscopy, energy dispersive X-ray spec-
troscopy and SQUID-magnetometry confirm well controlled Ni-doping
in LiMnPO4. The data show solid solution behaviour with the lattice
parameters linearly decreasing upon increasing the nickel concentra-
tion, corresponding to Vegard’s law. Concomitantly, the room tem-
perature magnetization decreases which implies substitution of Mn2+

by Ni2+ in the LiMnPO4 host structure. Electrochemical characteri-
zation by means of cyclic voltammetry reveals an active Mn3+/Mn2+

redox couple. The redox potential depends on the nickel concentration
in LiMn1−xNixPO4 and increases with x. Quantitatively, the reduc-
tion potential vs. lithium increases from 3.97 V in LiMnPO4 to 4.09 V
in LiMn0.55Ni0.45PO4.

MM 15: Computational Materials Modelling III - Bulk thermodynamics/ Phase Transitions I

Time: Monday 15:45–17:45 Location: IFW D

MM 15.1 Mon 15:45 IFW D
Impact of weak and strong magnetic coupling on the thermo-
dynamics of chromium — •Fritz Körmann, Blazej Grabowski,
Tilmann Hickel, and Jörg Neugebauer — Max-Planck-Institut für
Eisenforschung GmbH, D-40237, Düsseldorf, Germany

Chromium is a decisive ingredient for stainless steels and a reliable
understanding of its thermodynamic properties is thus indispensable.
Parameter-free first-principles methods have nowadays evolved to a
state allowing such thermodynamic predictions. For materials such
as Cr, however, the inclusion of magnetic entropy and higher order
contributions such as anharmonic entropy is still a formidable task.
Employing state-of-the-art ab initio molecular dynamics simulations
and statistical concepts, we compute a set of thermodynamic prop-
erties based on quasiharmonic, anharmonic, electronic and magnetic
free energy contributions from first principles [1]. The magnetic contri-
bution is modeled by an effective nearest-neighbor Heisenberg model,
which itself is solved numerically exactly by means of a quantum Monte
Carlo method. We investigate two different scenarios: a weak magnetic
coupling scenario for Cr, as usually presumed in empirical thermody-
namic models, turns out to be in clear disagreement with experimental
observations. We show that only a mixed Hamiltonian including weak
and strong magnetic coupling provides a consistent picture with good
agreement to experimental thermodynamic data.

[1] F Körmann, B Grabowski, P Söderlind, M Palumbo, S G Fries,
T Hickel and J Neugebauer, J. Phys.: Condens. Matter 25, 425401
(2013).

MM 15.2 Mon 16:00 IFW D
Thermomechanical properties of α-iron from first-principles
— •Daniele Dragoni1, Davide Ceresoli2, and Nicola Marzari1

— 1THEOS - École Polytechnique Fédérale, Lausanne, Switzerland —
2ISTM - Consiglio Nazionale delle Ricerche, Milano, Italy

Compliance tensors provide a full characterization of the mechanical re-
sponse of crystals in the linear regime of stress-strain. Their prediction
from first-principles is of great practical utility, given the large number
of elastic constants that are not known experimentally, while also pro-

viding stringent tests for validation of electronic-structure approaches
in those cases where accurate experimental numbers are available.
Since the intrinsic temperature dependence of the elastic constants
is determined by the vibrations of the crystal (a Bose-Einstein gas of
harmonic oscillators), finite-temperature results can be computed, in
the quasiharmonic approximation, from the equation of state for the
materials at hand and the volume- or strain-dependence of the phonon
frequencies. We use ferromagnetic bcc α-iron as a case study, carefully
testing pseudopotential calculations against reference all-electron re-
sults at 0K, and cubic elastic constants at finite temperatures against
experimental results.

MM 15.3 Mon 16:15 IFW D
Influence of magnetism on the stability of binary transition-
metal compounds — •Alvin Noe Ladines, Thomas Hammer-
schmidt, and Ralf Drautz — ICAMS, Ruhr Universität Bochum,
Germany

Refractory elements (RE) play an important role in the development of
creep-resistant ferritic steels for high temperature applications. They
can act as solid solution strengthener or carbide-former but also lead to
the precipitation of topologically close-packed (TCP) phases that may
initiate embrittlement and fracture. It is thus important to predict
the formation of TCP phases in multi-component alloys. An attempt
to address this is the development of structure maps which relate the
alloy stability to atomic-size difference and average band-filling of the
constituents. In this study we quantify the influence of magnetism for
a recently developed structure map for TCP phases of transition-metal
compounds. Based on density functional theory (DFT) calculations of
the heat-of-formation of TCP phases in several Fe-RE systems over
the whole range of chemical composition, we derive a model that cor-
relates the magnetic energy to the average band filling of the com-
pounds. This can be understood within the Stoner model of itinerant
magnetism where the magnetic moment on the atom corresponds to
a rigid shift in the spin-polarized density of states. We rescale the
structure map with respect to this shift.

MM 15.4 Mon 16:30 IFW D
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Thermally stable h.c.p.-based phases in Ni-W thin films —
•Sascha B. Maisel1, Silke J. B. Kurz2, Andreas Leineweber2,
Stefan Müller1, and Eric J. Mittemeijer2,3 — 1Institute of Ad-
vanced Ceramics, TUHH, 21073 Hamburg, Germany — 2Max Planck
Institute for Intelligent Systems (formerly Max Planck Institute for
Metals Research), 70569 Stuttgart, Germany — 3Institute for Materi-
als Science, University of Stuttgart, 70569 Stuttgart, Germany

In this combined experimental and DFT-based study, we demonstrate
that even though the Ni-W phase diagram shows no h.c.p.-based
phases, h.c.p.-like stacking sequences can be observed in magnetron-
cosputtered Ni-W thin films at W contents of 20 at.% to 25 at.%. The
occurence of these h.c.p. domains is rationalized from first-principles
calculations, showing that the vicinity of the system’s ground-state
line is indeed populated with metastable h.c.p.-based structures in the
intermediate concentration range from 20 to 50 at.%. The h.c.p.-like
stacking in Ni-W is found to be thermally stable by performing exten-
sive XRD analysis on samples before and after heat treatments up to
850 K.

15 min break

MM 15.5 Mon 17:00 IFW D
Ab initio based insights into structural transformations and
the role of interfaces in Fe-C alloys — •Xie Zhang1,2, Tilmann
Hickel1, Jörg Neugebauer1, Jutta Rogal2, and Ralf Drautz2

— 1Max-Planck-Institut für Eisenforschung GmbH, 40237 Düsseldorf,
Germany — 2Interdisciplinary Centre for Advanced Materials Simula-
tion, Ruhr-Universität-Bochum, 44780 Bochum, Germany

Structural transformations in Fe-C alloys are decisive for the mechan-
ical properties of various steels. We have combined first principles
and the Solid State Nudged Elastic Band method to study the struc-
tural transformations in the Fe-C system and the role of interfaces in
these processes. Our investigations revealed the occurrence of an in-
termediate structure, which can perfectly bridge austenite, ferrite and
cementite. The formation of such a structure was found to be the
result of an interfacial adaptive behavior to accommodate the misfit
of lattice constants and the different magnetic states in both phases.
These insights provide a detailed understanding on the origin of the
complex structure of cementite and the formation mechanisms of com-

plex microstructures such as pearlite and bainite in steels.

MM 15.6 Mon 17:15 IFW D
Atomistic simulation of transformations at disordered FeCr
bcc-σ interfaces — •Thomas Schablitzki, Jutta Rogal, and Ralf
Drautz — ICAMS, Ruhr-Universität Bochum, Bochum, Deutschland

We study the transformation of the σ phase in FeCr to the bcc struc-
ture. We observe disordered interface region that have a thickness of
several atomic layers. Transformation paths from one crystal phase
to another get obfuscated by seemingly random movements and rear-
rangements in the interface and create a challenge to study the trans-
formation processes, as well as increase the computational effort of the
simulation. Using coordination polyhedra and topological fingerprints
we look for correlations in processes in the interface region of FeCr
bcc-σ interfaces and along transformation paths trying to identify the
characteristic processes responsible for the phase transition.

MM 15.7 Mon 17:30 IFW D
First-principles approach to investigate hydrogen cluster for-
mation in austenitic Mn-rich steels — •Aurab Chakrabarty,
Robert Spatschek, Tilmann Hickel, and Joerg Neugebauer —
Max-Planck Institute for Iron Research, Dusseldorf, Germany

Hydrogen related failure is a well-known problem in high-strength
austenitic steels for automotive applications. Experiments provide ev-
idences of reduced ductility and H-induced local plasticity (HELP)
upon H charging in these materials. The HELP model provides an
explanation for the formation and propagation of cracks in austenitic
steel. An important criterion for HELP is segregation of hydrogen to
topological defects such as stacking faults and grain boundaries and
the mechanism of H-segregation in high-Mn steels is not completely un-
derstood yet. We used density functional theory (DFT) total energy
calculation to estimate the interactions between H-interstitial atoms
in Fe-Mn alloys and the influence of H on stacking faults. We observed
enhanced H-H interaction in a hydrogen cluster, i.e. a local hydride
phase. Furthermore, a lower solution energy provided by the presence
of a stacking fault makes it a favourable site for H-accumulation. The
interaction energies and elastic constants calculated using DFT are
used in finite-temperature Monte-Carlo and continuum-scale analysis
in order to predict a phase-diagram for a temperature driven phase
separation of Fe into a dilute and a local hydride phase.

MM 16: Microstructure and Phase Transformations III - Precipitaion hardening/ Alloying
elements

Time: Monday 15:45–17:15 Location: IFW B

MM 16.1 Mon 15:45 IFW B
Atom Probe Tomography Analyses of Precipitation in the
AA2195 Aluminum Lithium Alloy — •Muna Khushaim1, Tor-
ben Boll1, Ferdinand Haider2, and Talaat Al-Kassab1 — 1King
Abdullah University of Science and Technology (KAUST), Division of
Physical Sciences and Engineering, Thuwal 23955-6900. Saudi Arabia
— 2University Augsburg, Inst. f. Physik, D-86159 Augsburg, Ger-
many

One of the primary materials used for structural components of air-
crafts are aluminum-lithium alloys. These alloys exhibit an enhanced
strength-weight ratio which makes them an attractive material for
weight critical applications. This study focuses on the alloy 2195 (a
member of a series of high strength Al-Li-Cu alloys known as Wel-
dalite), which owes its superior mechanical properties to a thermo-
mechanical treatment termed T8. The presence of different micro-
alloying elements and an adequate heat treatment causes the pre-
cipitation of different phases such as T1 (Al2CuLi), θ′(Al2Cu) and
β′(Al3Zr). Utilizing the laser assisted wide angle tomographic atom
probe (LAWATAP) and local electrode atom probe (LEAP) allowed
the characterization of the different precipitates that dominate the mi-
crostructure of this functional material and identify their role in the
hardening process. Additionally, the effect of the microstructure on
the mechanical properties of the alloy was estimated by measuring its
micro-hardness.

MM 16.2 Mon 16:00 IFW B
Analysis of The Melting Process of Indium Nanoparticles
Embedded in An Aluminium Matrix — •Mostafa Mohamed,

Martin Peterlechner, and Gerhard Wilde — Institute of Materi-
als Physics, Münster,Germany

We have successfully prepared nanocrystalline particles Indium em-
bedded in an Aluminum matrix by rapid quenching using the melt-
spinning technique. The microstructures and the melting temperature
and freezing of the embedded nanoparticles were investigated by trans-
mission electron microscopy (TEM) and differential scanning calorime-
try (DSC). The microstructure analysis exhibited two distributions of
(In) particles embedded in the Al-matrix, one at the grain boundaries
and the other within the Al matrix. DSC experiments have shown
broad melting and crystallization peaks. The crystallization temper-
ature of the embedded particles shifted to remarkable low tempera-
ture. Analyses of TEM images and DSC measurements were done to
investigate the impact of the particle-matrix interface and interface
modifications on the melting behavior of the embedded nanoparticles.

MM 16.3 Mon 16:15 IFW B
Phase transformation in Nb-H thin film — •Vladimir Burlaka,
Stefan Wagner, and Astrid Pundt — Universität Göttingen, In-
stitut für Materialphysik, Friedrich-Hund-Platz 1, 37077 Göttingen,
Germany

Physical properties of nano-sized metal hydrogen systems strongly
change with mechanical stress, evolving during hydrogen loading and
phase transition. For very thin films stress relaxation processes are
expected to be much less efficient compared to thick films. Thus the
systems will stay in a high-stress state. This changes the system*s
thermodynamics and kinetics [1,2].

In this in-situ STM study we use epitaxial Nb-H thin films of thick-
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nesses with less than 50nm as a model system. By performing con-
stant pressure hydrogen loading sequences on films of different thick-
ness we address differences in hydride precipitation and growth during
the phase transformation. To approve and study the role of mechanical
stresses conservation, the in-situ STM results are completed by in-situ
XRD results providing a macroscopic overview of the sample*s lattice
structure during the hydrogen uptake.

Financial support by the DFG via project PU131/12-1 is gratefully
acknowledged. Beamtime is kindly provided by the DESY, at PETRA
beamline P08.

[1] K. Nörthemann, A. Pundt, Phys. Rev. B, Vol.78, (2008), 014105.
[2] K.Nörthemann K, A. Pundt , Phys. Rev. B 83, (2011), 155420

MM 16.4 Mon 16:30 IFW B
Neue massive beta-Ti-Nb-In Legierungen für Knochenim-
plantatanwendungen — •Arne Helth1,2, Stefan Pilz1,2, Maria-
na Calin1, Annett Gebert1 und Jürgen Eckert1,2 — 1Leibniz-
Institut für Festkörper- und Werkstoffforschung Dresden — 2Institut
für Werkstoffwissenschaft, TU Dresden

Der zunehmende Einsatz Ti-basierter Werkstoffe für nicht-degradable
Knochenimplantate erfordert eine ständige Weiterentwicklung der bio-
funktionellen Werkstoffeigenschaften. Hierbei liegt der Fokus zum
einen auf der Einstellung einer hohen Dauerfestigkeit, zur Verhin-
derung von Ermüdungsfrakturen und zum anderen auf der Anpas-
sung der elastischen Eigenschaften an die des kortikalen Knochens,
um *stress shielding* zu vermeiden.

Ausgangspunkt der vorliegenden Arbeit ist die binäre beta-Ti-
Legierung Ti-40Nb. Sie weist neben einer exzellenten Korrosions-
beständigkeit Druckfestigkeiten von bis zu 1400 MPa und einen E-
Modul von ˜60 GPa auf. Ziel war es, durch die Zulegierung von Indi-
um den E-Modul weiter abzusenken. Durch eine thermomechanische
Behandlung sollen die mechanischen Eigenschaften im Sinne der Bio-
funktionalität optimiert werden.

Durch die Addition von 5 m.% Indium konnte ein minimaler E-
Modul von 49 GPa erreicht werden. Im Rahmen der thermomechani-
schen Prozessierung wurde die mittlere Korngröße maßgeblich abge-
senkt und eine Festigkeitssteigerung von über 10 % im Vergleich zum
Gusszustand erreicht. Durch eine anschließende Stufenglühung konn-
ten Festigkeit von über 550 MPa eingestellt werden.

MM 16.5 Mon 16:45 IFW B
Phase transformations in Ti-Fe and Ti-Fe-Nb alloys by in situ
X-ray diffraction — •Olga Shuleshova1, Ivan Kaban1,2, Dirk
Holland-Moritz3, Jan Gegner3, Fan Yang3, Jozef Bednarcik4,
Junhee Han1, Norbert Mattern1, and Jürgen Eckert1,2 — 1IFW
Dresden, Institute for Complex Materials, 01171 Dresden, Germany —
2TU Dresden, Institute of Materials Science, 01062 Dresden, Germany

— 3DLR, Institut für Materialphysik im Weltraum, 51170 Köln, Ger-
many — 4DESY Photon Science, 22607 Hamburg, Germany

In this work the solid-liquid phase transformations, as well as phase
equilibria in the binary Ti-Fe and ternary Ti-Fe-Nb systems are stud-
ied by means of in situ X-ray diffraction of the synchrotron radiation.
To avoid contamination the reactive titanium alloys have been pro-
cessed containerlessly, using electrostatic levitator. Levitated samples
were repeatedly heated from the room temperature above their liquidus
temperatures and subsequently cooled down to undergo solidification.
Analysis of the lattice constants shows that below approx. 800◦C solid-
state diffusion is negligible and samples are only subjected to thermal
expansion. On heating above this temperature near-equilibrium con-
ditions are reached before the onset of melting. These data have been
used to verify the binary Ti-Fe phase diagram and to map solidus and
liquidus surfaces in Ti-rich corner of the ternary Ti-Fe-Nb system. On
cooling the liquid melts were subjected to considerable undercooling.
Detailed evolution of the lattice parameters of the samples solidified
under non-equilibrium conditions is presented. Financial support by
DFG under project No. SH 578/1-1 is gratefully acknowledged.

MM 16.6 Mon 17:00 IFW B
Droplet size distribution in liquid phase separated Cu75Co25-
xMx (M = Fe, Ni) alloys with low M content — •Yikun
Zhang1,2, Zhikang Wu1, Meimei Wang1, Jianrong Gao1, Chao
Yang1, and Gerhard Wilde2 — 1Key Laboratory of Electromag-
netic Processing of Materials (Ministry of Education), Northeastern
University, Shenyang 110004, China — 2Institute of Materials Physics,
University of Münster, Wilhelm-Klemm-Straße 10, D-48149 Münster,
Germany

Liquid phase separation in metallic alloys has been investigated over
the past sixty years. One of the most intensively studied systems is
the binary Cu-Co system, which is a simple peritectic system, but has
a metastable miscibility gap in the undercooled region because of a
positive heat of mixing. A recent study indicated that a Zr addition
can modify the surface energies and/or the wetting behavior in a pe-
culiar way in the ternary Co-Cu-Zr system at low Zr content. In the
present work, the effect of small amounts of an Fe/Ni addition on the
liquid phase separation behavior in undercooled Cu75Co25-xMx (M =
Fe, Ni and x = 1, 5) alloys has been studied by using the glass flux-
ing method. All the samples show a bimodal droplet size distribution,
the center of the first peak position shifts to a larger radius gradually
with increasing undercooling in Cu75Co24Ni. The Fe addition can
promote the liquid phase separation behavior, but in contrast the Ni
addition can suppress it effectively. The present results may provide
valuable information for understanding the microstructure evolution
in undercooled Cu-Co alloys.

MM 17: Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium
Phenomena at the Nano-scale II (O with HL/TT/MM)

Time: Monday 16:00–18:45 Location: TRE Ma

Topical Talk MM 17.1 Mon 16:00 TRE Ma
Simulating heat transport: from large scale molecular dy-
namics to first-principles calculations — •Davide Donadio —
Max Planck Institute for Polymer Research, Mainz, Germany

The necessity to design materials and devices able to harness ther-
mal energy, and possibly convert it into more amenable energy forms,
has stimulated a major effort in the scientific community to under-
stand heat transport at the mesoscale and the nanoscale. In this talk I
will discuss different atomistic approaches to simulate nanoscale heat
transport, ranging from large scale molecular dynamics simulations
with classical empirical potentials at equilibrium and non-equilibrium
conditions, to lattice dynamics calculations with force-constants com-
puted by first principles. Applications will include silicon and carbon
nanostructures, phase-change materials and molecular junctions.

MM 17.2 Mon 16:30 TRE Ma
First principles study of thermal conductivity cross-over
in nano-structured Zinc-Chalcogenides — •Ankita Katre1,
Atsushi Togo2, Ralf Drautz1, and Georg K. H. Madsen1 —
1ICAMS, Ruhr-Universität Bochum, 44801 Bochum, Germany —
2ESISM, Kyoto University, Sakyo, Kyoto 606-8501, Japan

Nano-structured Zinc-Chalcogenides are interesting for thermoelectric
applications due to their low thermal conductivity.[1] A simple model
study has reported how the thermal conductivity of ZnS, ZnSe and
ZnTe can potentially show a cross-over as a function of the maximal
mean free path of the phonons.[2] We have applied the Boltzmann
transport equation in the relaxation time approximation to verify this.
We find that thermal conductivity of ZnS crosses ZnSe and ZnTe and
explain this in terms of the different contributions of phonon modes
in these materials. Furthermore, the cross-over is found to be strongly
influenced by isotope scattering. The calculated thermal conductivity
is found to be strongly dependent on the volume and we explain the
observed differences between LDA and GGA calculations. We compare
further calculated thermal properties, such as the thermal expansion
coefficient, to experiment to validate our approach.

[1] L.Zhen, S.Qiao, D.Y.Xiang, H.Z.Zhong, and Q.L.Gao, J. Mater.
Chem. 22, 22821 (2012). [2] N.Mingo and D.Broido, Phys. Rev. Lett.
93, 246106 (2004).

MM 17.3 Mon 16:45 TRE Ma
Density-functional perturbation theory for lattice dynam-
ics with numeric atom-centered orbitals — •Honghui Shang,
Christian Carbogno, Patrick Rinke, and Matthias Scheffler —
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Fritz-Haber-Institut der MPG, Berlin

The response of the electronic structure to atomic displacements gives
rise to a variety of interesting physical phenomena, which can be
probed by experimental techniques such as infrared or Raman spec-
troscopy or neutron diffraction. The response can be conveniently
computed from first principles by means of density-functional pertur-
bation theory (DFPT). Here we present our implementation in the
all-electron atom-centered numeric orbital code FHI-aims [1]. Our
approach combines the accuracy of an all-electron full-potential treat-
ment with the computationally efficiency of localised atom-centered
basis sets that is necessary to study large and complex systems. We
verified the accuracy of our DFPT implementation by comparing the
vibrational frequencies to finite-difference reference calculations and
literature values. Due to the atom-centered nature of the integration
grids in FHI-aims, the portion of the grid that belongs to a certain
atom also moves when this atom is displaced. Here we demonstrate
that, unlike for first derivatives (i.e. forces) [2], this moving-grid-effect
plays an important role for second derivatives (i.e. vibrational fre-
quencies). Further analysis reveals that predominantly diagonal force
constant terms are affected, which can be bypassed efficiently by in-
voking translational symmetry.

[1] V. Blum et al. Comp. Phys. Comm. 180, 2175 (2009)
[2] B. Delley, J. Chem. Phys. 94, 7245 (1991).

MM 17.4 Mon 17:00 TRE Ma
Breakdown of Fourier law in layered materials — •Andrea
Cepellotti1, Giorgia Fugallo2, Francesco Mauri3, and Nicola
Marzari1 — 1THEOS, École Polytechnique Fédérale, Lausanne —
2IMPMC, Universite Pierre et Marie Curie, Paris — 3LSI, École Poly-
technique, Paris

We compute the thermal conductivity in crystalline layered materi-
als by solving the Boltzmann Transport Equation (BTE) for phonons
[1], with the phonon-phonon collision rates obtained from density-
functional perturbation theory. We find that in 2D materials, such
as graphene and related compounds, and even in 3D layered materi-
als, like bulk graphite, the single-mode relaxation time approximation
(SMRTA) cannot describe heat transport correctly, underestimating by
one order of magnitude or more thermal conductivities and phonons’
mean free paths. Instead, we show that the exact self-consistent solu-
tion of the BTE provides results in excellent agreement with experi-
mental measurements [2]. The shortcomings of the SMRTA lie in the
assumption that heat flow is transferred only by individual phonon
excitations, whereas in layered materials the transport can only be ex-
plained in terms of collective phonon excitations. The characteristic
length of these collective excitations is often comparable with that of
the experimental sample - as a result, Fourier’s law become question-
able, since its statistical nature makes it applicable only to systems
larger than a few mean free paths.

[1] G. Fugallo et al., Phys. Rev. B, 88, 045430 (2013).
[2] A. A. Balandin, Nat. Mater. 10, 569 (2011).

MM 17.5 Mon 17:15 TRE Ma
High Temperature Thermal Conductivity from First Princi-
ples — •Christian Carbogno1, Rampi Ramprasad2, and Matthias
Scheffler1 — 1Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin — 2Chemical, Materials & Biomolecular Engineering, Univer-
sity of Connecticut, Storrs, USA

In spite of significant research efforts, a first principles determination
of the thermal conductivity at high temperatures has remained elu-
sive. Under such conditions, Boltzmann transport techniques [1] that
include anharmonic effects only perturbatively become inaccurate or
even inapplicable. In this work, we overcome this limitation by per-
forming first-principles Green-Kubo simulations [2], in which all orders
of anharmonicity are incorporated by the means of ab initio molecular
dynamics. The thermal conductivity is then assessed from the auto-
correlation function of the heat flux in thermodynamic equilibrium.
We discuss the details of our implementation and the definition of
our heat flux that is based on the virial theorem. We validate our
approach by presenting calculations for ZrO2 that also showcase the
importance of higher order anharmonic effects in materials with low
thermal conductivities. Eventually, we discuss how our technique can
be coupled to multi-scale models to achieve a computationally efficient
and accurate description of the thermal conductivity at the nanoscale.
[1] D. A. Broido et al., Appl. Phys. Lett. 91, 231922 (2007).
[2] R. Kubo, M. Yokota, S. Nakajima, J. Phys. Soc. Jpn. 12, 1203
(1957).

MM 17.6 Mon 17:30 TRE Ma
Accurate Modelling of the Polymorphism and Elastic Re-
sponse of Molecular Materials from First Principles —
•Anthony Reilly and Alexandre Tkatchenko — Fritz-Haber-
Institut der MPG, Berlin, Germany

Molecular materials are of great fundamental and applied importance
in science and industry, with numerous applications in pharmaceuti-
cals, electronics, sensing, and catalysis. A key challenge for theory has
been the prediction of their stability, polymorphism and response to
perturbations. While pairwise models of van der Waals (vdW) interac-
tions have improved the ability of density functional theory (DFT) to
model these systems, quantitative and even qualitative failures often
remain. Here, we show how a many-body description of vdW inter-
actions can dramatically improve the accuracy of DFT for molecular
materials, yielding quantitative description of stabilities and polymor-
phism for these challenging systems. Moreover, the role of many-body
vdW interactions goes beyond stabilities to response properties. In
particular, we have studied the elastic properties of a series of molecu-
lar crystals, finding that many-body vdW interactions can account for
up to 30% of the elastic response, leading to quantitative and qualita-
tive changes in elastic behavior. We will illustrate these crucial effects
with the challenging case of the polymorphs of aspirin, leading to a
better understanding of the conflicting experimental and theoretical
studies of this system.

MM 17.7 Mon 17:45 TRE Ma
Surface chemistry on nanostructured oxides: do we have to go
beyond hybrid DFT? — •Daniel Berger, Harald Oberhofer,
and Karsten Reuter — Technische Universität München, Germany

Nanostructured oxide surfaces are promising candidates for a wide
range of energy and catalysis applications. For first-principles mod-
eling of corresponding surface chemical reactions the current state-of-
the-art is generally defined by hybrid-level density-functional theory
(DFT). Systematic work assessing the achieved accuracy at this level
is nevertheless scarce, also owing to the fact that higher-level reference
methods are often not available for standard periodic boundary con-
dition supercell calculations. To this end, we present a study bench-
marking semi-local and hybrid DFT against (renormalized) second-
order perturbation theory (MP2,rPT2) as recently implemented in the
FHI-aims package [1]. We make the efficient usage of the latter theories
for oxide surfaces possible through a solid-state embedding framework,
in which a central cluster region is described quantum mechanically,
the long-range electrostatic interactions in the oxide are accounted for
through a polarizable monopole field, and a shell of norm-conserving
pseudopotentials correctly connects the two regions. We illustrate the
performance of the various levels of theories using the water-splitting
reaction at ideal and defected TiO2(110) surfaces as showcase. [1] X.
Ren et al., Phys. Rev. B 88, 035120 (2013)

MM 17.8 Mon 18:00 TRE Ma
Atoms-in-solids perspective on polarizabilities and van der
Waals coefficients in semiconductors — •Guo-Xu Zhang, An-
thony M. Reilly, Alexandre Tkatchenko, and Matthias Schef-
fler — Fritz-Haber-Institut der MPG, Berlin, Germany

The calculation of response properties of solids including their polariz-
abilities and van der Waals (vdW) coefficients usually requires the
knowledge of the full electronic bandstructure. For non-covalently
bound solids, such as noble-gas and ionic crystals, atoms-in-solids
model can be successfully utilized to define their polarizabilities. Here
we critically assess the atoms-in-solids model for covalently-bound
solids, ranging from wide-gap (10 eV) to narrow-gap (below 1 eV)
semiconductors. We model their response by assigning a single quan-
tum harmonic oscillator to every atom, where the parameters of the
oscillators are defined as functionals of the electron density, following
the Tkatchenko-Scheffler method [1]. The response function is then
calculated by solving self-consistent screening equations of classical
electrodynamics, without any explicit information about the electronic
bandstructure [2]. The calculated polarizabilities and vdW coefficients
for 23 semiconductors are compared with TDDFT and experimental
benchmark data, revealing an overall agreement within 10%. The effi-
ciency of our method and the accuracy of the calculated vdW param-
eters allows us to demonstrate the crucial role of vdW interactions in
the cohesive properties of the 23 semiconductors. [1] Tkatchenko and
Scheffler, PRL (2009); [2] Tkatchenko, DiStasio, Car, Scheffler, PRL
(2012).

MM 17.9 Mon 18:15 TRE Ma
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Adsorption at semiconductor surfaces - an energy analy-
sis method — •Ralf Tonner and Marc Raupach — Fachbereich
Chemie & Materials Sciences Centre, Philipps-Universität Marburg,
Germany

The chemical bond is one of the most fundamental concepts in chem-
istry. Classifications such as covalent, ionic or metallic bonding are
central in discussing trends in different compounds and predicting new
reactivity. Several very helpful concepts and methods were developed
to understand the chemical bond at surfaces.[1] The question about en-
ergetic contributions to surface chemical bonds on the other hand did
not receive great attention although energy changes are the ultimate
driving force in bond formation.

Starting from preliminary work by Philippsen and Baerends,[2] we
implemented all terms of an Energy Decomposition Analysis (EDA)
to obtain quantitative data about energetic contributions to chemical
bonding in periodic systems. This periodic EDA method was applied
to questions of chemisorption of organic molecules at semiconductor
surfaces where it can shed light on the nature of the surface-adsorbate
bonds.

[1] a) A. Nilsson, L. G. M. Pettersson, J. Nørskov, Chemical Bond-
ing at Surfaces and Interfaces, Elsevier, Amsterdam, 2007; b) A. Groß,
Theoretical Surface Science, Springer, Berlin, Heidelberg, 2009. [2] P.
H. T. Philipsen, E. J. Baerends J. Phys. Chem. B 2006, 110, 12470.

MM 17.10 Mon 18:30 TRE Ma

Non-local density functionals meet many-body dispersion: A
hybrid approach for van der Waals interactions — •Jan Her-
mann, Matthias Scheffler, and Alexandre Tkatchenko — Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany

Different approaches to treating van der Waals (vdW) interactions in
density-functional theory can be loosely divided into the atom-based
and the ones based on non-local functionals. The first type comprises
a range of methods from atom-pairwise additive schemes by Grimme
to many-body dispersion (MBD) approach of Tkatchenko et al. Usu-
ally, these methods require precalculated atomic parameters and thus
rely on information not explicitly contained in the electron density.
The other category consists of nonlocal functionals either of the Lan-
greth and Lundquist or the Vydrov and van Voorhis (VV) type. In
these approaches, the vdW interaction is obtained as a functional of
the electron density and at most a few tuning parameters are needed.

Here, we show that these two contrasting approaches can be syn-
ergistically combined. We use the polarizability from the nonlocal
functional of VV within the MBD method of Tkatchenko et al. Such
a combination is worthy for several reasons. First, it is an atom-
centered approach with no atomic parameters. Second, it puts aside
the problem of partitioning electron density between atoms, which can
be problematic in some cases. Third, it enables more direct compar-
ison of so far unrelated methods. Fourth, it highlights the idea of
combining working elements from different approaches.

MM 18: Poster Session

Time: Monday 18:00–20:00 Location: P4

MM 18.1 Mon 18:00 P4
Microstructural Evolution of Nanoporous Gold During
Coarsening — •Markus Ziehmer1, Kaixiong Hu1, Ke Wang2,
Jürgen Markmann1,2, and Erica Lilleodden1 — 1Helmholtz-
Zentrum Geesthacht, Institute of Materials Research, Materials Me-
chanics, Geesthacht, Germany — 2Hamburg University of Technology,
Institute of Materials Physics and Technology, Hamburg, Germany

Nanoporous gold (npg) has gained much interest in the past decade for
being a promising candidate for technical applications. The fact that
the mean structural sizes can be easily adjusted makes it even more
interesting as a functional material. This requires a comprehensive
understanding of the microstructure evolution.

Presently, scaling laws are often used to predict the mechanical per-
formance of npg that rely on global parameters like the solid volume
fraction. However, these measures are obviously insufficient to take
into account the complex microstructure of npg that ultimately gov-
erns the behaviour. Such scaling laws implicitly assume some kind
of self-similar evolution during coarsening with regard to morphology
and topology. Furthermore, the evolution of the crystallographic ori-
entations of the ligament network is mostly disregarded.

In our work, we apply high-resolution FIB tomography on npg sam-
ples with different structural sizes together with EBSD measurements
for an investigation on the microstructure evolution of npg.

The results are discussed within the context of the validity of self-
similar approximation inherent in scaling laws.

MM 18.2 Mon 18:00 P4
Thin-film cathodes for application in lithium ion batteries
— •Martin Fiedler1, Frank Berkemeier1, and Guido Schmitz2

— 1Institut für Materialphysik, Westfälische Wilhelms-Universität
Münster, Wilhelm-Klemm-Str. 10, 48149 Münster, Germany —
2Institut für Materialwissenschaften, Universität Stuttgart, Heisen-
bergstr. 3, 70569 Stuttgart

Lithium Cobalt Oxide (LCO) and Lithium Iron Phosphate (LFP) pow-
der material is commonly used in commercial lithium ion batteries.
In this work, thin LCO and LFP films between 200 and 5500 nm in
thickness are prepared by magnetron sputtering. After deposition, the
layers are characterized by X-ray diffraction, transmission electron mi-
croscopy, and electrochemical techniques like cyclic voltammetry and
chronopotentiometry. The influence of a negative substrate bias dur-
ing sputter-deposition and of post annealing between 400 and 700◦C
is investigated, and it is found that the electrochemical performance of
the layers significantly depends on both parameters. The preparation
of films under optimized conditions gives smooth thin-film cathodes,

with a maximum thickness of 5500 nm and a lateral size of 45 cm2. In
case of LCO, this results in a lithium storage capacity up to 17 mAh.
Despite their large thickness, the cathodes are mechanically stable and
allow the investigation of transport kinetics without being influenced
by interface effects. Moreover, they open the possibility to be used in
technical lithium ion batteries, as substitutes for conventional powder
cathodes.

MM 18.3 Mon 18:00 P4
Materials for all solid-state lithium-ion batteries — •Susann
Nowak1, Frank Berkemeier2 und Guido Schmitz1 — 1Institut für
Materialwissenschaften, Heisenbergstr. 3, 70569 Stuttgart — 2Institut
für Materialphysik, Wilhelm-Klemm-Str. 10, 48149 Münster

All solid-state batteries present a very interesting model system for
studies on kinetics and thermodynamics in lithium-ion batteries, but
are particularly demanding in the specifications needed for the utiliza-
tion of materials as their components, for example they have to show a
very low surface roughness. In the current poster we present the fabri-
cation and characterization of different materials, which can be used
in an all solid-state batteries. The properties of lithium iron phospha-
te, lithium phosphorous oxynitride and tin are shown. Fabrication is
carried out by ion beam sputtering and in the case of lithium iron
phosphate post annealing under argon atmosphere. Characterization
is carried out via electrochemical methods (chrono potentiometry and
cyclic voltammetry), charge state depending x-ray diffraction (XRD),
and transmission electron microscopy (TEM). An outlook on measu-
rements on a complete all solid-state system is given.

MM 18.4 Mon 18:00 P4
Sputter-deposited Thin-film Lithium Ion Batteries — •Frank
Berkemeier, Yaser Hamedi, and Fabian Inkmann — Universität
Münster, Institut für Materialphysik, Wilhelm-Klemm-Str. 10, 48149
Münster

Electrochemical-active thin-film materials are deposited by sputter-
deposition technique, with the aim to prepare an all-solid state thin-
film lithium-ion battery. For this purpose silicon and tin are used as
anode materials, while lithium cobalt oxide and lithium iron phosphate
serve as cathodes. As an ion-conducting phase, thin-films of lithium
phosphorous oxynitride (LiPON) are deposited. Via this setup, thin-
film stacks with an overall thickness of less than 1µm are prepared,
which are characterized by electrochemical techniques like impedance
spectroscopy and cyclic voltammetry, as well as by transmission elec-
tron microscopy. It is shown that most of the thin-film cells show a
reasonable charge-discharge behaviour, as well as a promissing cycling
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stability. Moreover it is demonstrated that by triggering a reaction
between LiPON and a metallic layer like silver or magnesium, an in-
terface reaction layer is formed that is capable to reversibly interca-
late/deintercalate lithium. The structure and formation of this reac-
tion layer is studied, and it is shown that in future thin-film cells this
layer opens the possibility to substitute conventional thin-film cath-
odes – with the aim to increase the energy density and to decrease the
internal resistance of the cells.

MM 18.5 Mon 18:00 P4
Nanostructured black silicon as anode for lithium-ion bat-
teries — •Gibaek Lee1,2, Stefan L. Schweizer2, and Ralf B.
Wehrspohn1,2 — 1Fraunhofer Institute for Mechanics of Materi-
als, Halle, Germany — 2Martin-Luther-University Halle-Wittenberg,
Halle, Germany

It has been known for some time past that silicon can incorporate large
amounts of Li with a specific capacity of 4200 mAh/g, about a factor
of 11 larger than for state of the art graphite anodes. However, silicon
and silicon-based negative electrodes exhibit huge volume expansion
(ca. 320%) during lithiation/delithiation, resulting in mechanical dis-
integration of electrode and rapid capacity fading. Therefore, relax-
ation of the stress caused by the expansion and contraction of Li-Si
alloy materials is important to obtain a good cycleability. Further-
more, the formation of solid electrolyte interphase (SEI) induced by
decomposition of electrolyte hinders lithium ion movement during the
Li-Si alloying/de-alloying, resulting in poor capacity retention upon
cycles. In this study, we prepared well-ordered nanostructured black
silicon arrays (nb-Si) on silicon substrate by gas chopping technique.
The electrochemical properties of the nb-Si electrode were systemat-
ically investigated. The material characteristics have been analyzed
by CV, SEM and TEM. The performance of nb-Si electrode has been
examined by galvanostatic charge/discharge cycling. In order to un-
derstand the correlation between surface condition and Li-Si alloying,
we have investigated the surface composition of nb-Si electrode before
and after pretreatment by means of high resolution XPS as well

MM 18.6 Mon 18:00 P4
In-situ TEM studies of nanostructured Mg based hydrides at
elevated hydrogen pressures of 1 bar — •Alexander Surrey1,2,
Ludwig Schultz1,2, and Bernd Rellinghaus1 — 1IFW Dresden, In-
stitute for Metallic Materials, P.O. Box 270116, D-01171 Dresden, Ger-
many — 2TU Dresden, Institut fur Festkörperphysik, D-01062 Dres-
den, Germany

In the search of materials that are potentially applicable as solid-
state hydrogen storage materials in the mobile and stationary sector,
MgH2 is considered one of the most promising hydrides due to both
its relatively high gravimetric storage density of 7.7 wt.-% and its
high abundance. However, the thermodynamic and kinetic properties
of intrinsic MgH2 impede a practical application. Here, nanostruc-
tured hydrides have been shown to reveal improved (de)hydrogenation
properties. During structural characterization utilizing conventional
TEM, however, MgH2 degrades fast upon the irradiation with the
imaging electron beam due to radiolysis in vacuum and as a conse-
quence, the hydride phase cannot be studied at highest resolution. To
overcome this problem we explore the possibility to investigate Mg
based hydrides by in-situ TEM at elevated H2 pressures (1 bar) and
temperatures (up to 300oC) using a so called nanoreactor that was re-
cently developed by Henny Zandbergen at the TU Delft. This allows to
study the dehydrogenation as well as the hydrogenation reaction at the
nanoscale under working conditions. We present multi-slice HRTEM
contrast simulations to show the possibilities and limitations of this
new nanoreactor. Such simulations may be valuable to pre-evaluate
future experiments.

MM 18.7 Mon 18:00 P4
Influence of temperature on hydrogen induced surface mod-
ification on Gd(0001) islands — •Samuel Königshofen, Sara
Wanjelik, and Mathias Getzlaff — Institute of Applied Physics,
University of Düsseldorf

The adsorption of hydrogen on metal surfaces is of great interest in
fundamental research and also applied science due to its importance
for technology and material science. Although there has been research
for many years, the subsequent hydride formation and especially their
initial behavior is not completely understood yet. Here we present mea-
surements, carried out by scanning tunneling microscopy, on gadolin-
ium islands of 100-400 nm size and a few nanometers in height. The
islands are grown on a W(110) surface. The initial stage of hydride for-

mation and the localization of its occurrence will be of special interest.
Further, the appearance and change of the hydrides due to heating of
the sample has been observed. The steps of the temperature variation
are in the range of a few hundred kelvin starting at room temperature.
Additionally, the time dependence of the formation will be discussed.
The known occurrence of disc-like island and formation of ramps on
Gd thin films due to hydrogen adsorption will be compared to the
investigated hydride characteristics of Gd islands.

MM 18.8 Mon 18:00 P4
Preparation of a Ta(110) surface for hydrogen absorption —
•Sebastian Schleicher, Sara Wanjelik, and Mathias Getzlaff —
Institut für Angewandte Physik, Universität Düsseldorf, Deutschland

Hydrogen in metals has attracted a lot of attention in the past decades.
On the one hand this is caused by the technical application as hydro-
gen storage. On the other hand metal hydrogen systems are of great
interest from a fundamentel point of view. In our study we inves-
tigate hydrogen on adsorption and absorption in a Ta(110) crystal
which requires careful cleaning as preparation for any measurement
on the Tantalum surface. The cleaning procedures include heating up
to 2900◦C, annealing in an oxygen atmosphere and sputtering with a
sputter ion source to remove impurities. The subsequently observed
superstructure remains unaffected and may show a reconstructed pat-
tern of a clean Tantalum surface. Measurements are performed by
means of scanning tunneling microscopy (STM), low energy electron
diffraction (LEED) and Auger electron spectroscopy (AES) under ul-
trahigh vacuum conditions.

MM 18.9 Mon 18:00 P4
A new additive-assisted synthesis route and electrochemi-
cal properties of olivine LiCoPO4 — •Christoph Neef1, Hans-
Peter Meyer2, and Rüdiger Klingeler1 — 1Kirchhoff Institut für
Physik, Universität Heidelberg, D-69120 Heidelberg — 2Institut für
Geowissenschaften, Universität Heidelberg, D-69120 Heidelberg

Olivine LiCoPO4 micro- and nanocrystals were synthesized applying
a two-step process starting by hydrothermal growth of non-olivine
LiCoPO4-tetra which then is transformed to the olivine phase at high
temperatures. By adding various organic additives such as sugars,
acids, organic solvents, and ammonia compounds in step 1, the shape,
size, and tendency to agglomeration of the obtained particles is inves-
tigated. This yields a variety in particle morphologies. Galvanostatic
cycling and impedance spectroscopy show strong differences in the elec-
trochemical performance of the different materials. In particular, the
rate capability strongly depends on the morphology as well as aging
effects due to electrolyte decomposition, the latter being typical for
high voltage materials like LiCoPO4.

MM 18.10 Mon 18:00 P4
Pathway to mechanically stable magnetocaloric cycling ma-
terials — •Alexander Funk1,3, Anja Waske1, Maria Krautz2,
Bruno Weise1,3, Konstantin Skokov4, and Jürgen Eckert1 —
1Institute for Complex Materials, IFW Dresden, Helmholtzstraße 20,
01069 Dresden, Germany — 2Institute for Metallic Materials, IFW
Dresden, Helmholtzstraße 20, 01069 Dresden, Germany — 3Institute
for Material Science, TU Dresden, Helmholtzstraße 7, 01069 Dres-
den, Germany — 4Material Science, TU Darmstadt, Petersenstraße
23, 64287 Darmstadt, Germany

Magnetocaloric materials could one day be the basis of a new magnetic
cooling concept for consumer use, replacing conventional refrigeration
technology. The research in magnetocalorics focused on the discovery
and development of materials with large or giant magnetocaloric ef-
fects (MCE) over the last few decades. Such alloys [1, 2] show a 1st
order phase transition, with a simultaneous structural and magnetic
change. Therefore bulk MCE-materials often show mechanical insta-
bility during magnetic field cycling. Here, we present an approach to
produce high quality MCE-materials which overcomes these problems.
Results on magnetocaloric properties were obtained by magnetometry
and direct ∆Tad measurements. The materials structure and mechan-
ical stability after cycling (e.g. crack development) were observed by
X-Ray computed tomography and SEM.

References:
[1] V.K. Pecharsky et al., Phys. Rev. Lett. 78, 4494 (1997)
[2] D.T. Cam Thanh et al., J. Appl. Phys. 99, 08Q107 (2006)

MM 18.11 Mon 18:00 P4
Graphitization and interface bonding in carbon-bonded alu-
mina ceramics — •Torsten Weißbach, Masud Alam, Christian
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Röder, Lilit Amirkhanyan, and Jens Kortus — Institut f. Theo-
retische Physik, TU Bergakademie Freiberg, 09596 Freiberg

Refractory ceramics reinforced with carbon [1] show an improved re-
sistance to thermal shock, due to the high thermal conductivity of
carbon. We present Raman scattering results [2] on these compound
materials, which show that carbon is forming graphitic clusters at the
surface of the ceramic and that allow for determination of the cluster
size of the graphite fractions. In addition, density functional calcu-
lations were performed to model the interface between alumina and
graphite. By applying an empirical correction for the dispersion in-
teractions [3], we study the different contributions to bond formation
in several possible interface geometries. The formation of strong polar
bonds is only found at oxygen sites on the surface.

[1] Markus Emmel et al., Ceramics International (2012)
[2] Christian Röder et al., Journal of Raman Spectroscopy, accepted
[3] Stefan Grimme, Journal of Computational Chemistry (2006)

MM 18.12 Mon 18:00 P4
Light-driven rotation of chiral, screw-like microstruc-
tures in a fluidic environment — •Lindsey JE Anderson1,
Silke Kirchner1, Debora Schamel2, Peer Fischer2, Theobald
Lomüller1, and Jochen Feldmann1 — 1Photonics and Opto-
electronics Group, Department of Physics and CeNS, Ludwig-
Maximilians-Universtität München, Amalienstr. 54 80799 Munich,
Germany — 2Max Planck Institute for Intelligent Systems, Heisen-
bergstr. 3 70569 Stuttgart, Germany

Propulsion of nano and micron-scale objects controlled by a remote
stimulus is of great interest for creating machines and sensors in mi-
crofluidic environments. We study the influence of light on chiral,
screw-like silica particles which are fabricated with glancing angle de-
position. In an optical trap, these structures orient along the optical
axis and radiation pressure causes them to rotate with a frequency
that is proportional to the laser power. The rotation of these struc-
tures makes them candidates for artificial propellers, with a geometry
that allows for the possibility of easily permeating biological mem-
branes. Because of the highly controllable fabrication process, it is
possible to design hybrid metallic propellers with this chiral structure
and study how plasmonic interactions influence their functionality.

MM 18.13 Mon 18:00 P4
Phase-field simulation of interdiffusion-limited coarsening in
Ni-base superalloys under applied loads — •Leslie Mushon-
gera, Micheal Fleck, Julia Kundin, and Heike Emmerich — Uni-
versity of Bayreuth

We study microstructure evolution in Ni-base superalloys under a uni-
axial strain applied along a cubic axis. It is observed that the gamma
prime precipitates age from quasi-cuboids to rafts aligned along the
<100> direction. It is observed that slow diffusing elements particu-
larly, the refractory element Re, play a major role in reducing the rate
of rafting. Re additions substantially reduce the rate of rafting by en-
forcing some gamma prime precipitates to keep the energy minimizing
quasi-cuboidal configuration while on the other hand, hindering the
elongation of rafts. In addition, a numerical technique to characterize
the coarsening kinetics of microstructures with self-dissimilar gamma
prime precipitates is presented.

MM 18.14 Mon 18:00 P4
Continuum modelling of grain boundary wetting — •Venkata
Sai Pavan Kumar Bhogireddy1, Fabian Twiste1, Chi-Dzu
Nguyen1, Claas Hüter1, Robert Spatschek1, Jörg Neugebauer1,
Alain Karma2, and Efim Brener3 — 1Max Planck Institut für Eisen-
forschung, D-40237, Düsseldorf, Germany — 2Physics Department,
Northeastern University, Boston, 02115, USA — 3Peter Grünberg In-
stitut, Forschungszentrum Jülich, D-52425, Jülich, Germany

Grain boundary (GB) premelting describes the appearance of thin
nanometric melt layers along grain boundaries already below the bulk
melting point, which can lead to dramatic material failure. Amplitude
equations modelling shows that the premelting transition depends on
the misorientation between the grains due to short range interactions
between the adjacent crystals. In the absence of a misorientation a
translational shift between the grains can still lead to periodic mod-
ulations of the interaction potential in the spirit of gamma surfaces,
hence linking mesoscopic continuum models to atomistic descriptions.
The tail of these interactions can be predicted analytically, and the re-
sults are compared to numerical results, which are also valid at shorter
distances. Furthermore, we investigate the possibility of a conventional

phase field model based on the multi-obstacle potential to capture the
premelting transition.

Apart from these static situations we also study the penetration of a
melt front along the GB in an overheated crystal, taking into account
the aforementioned short ranged interactions. We find that the pene-
tration velocity is strongly influenced by the nanoscopic interactions.

MM 18.15 Mon 18:00 P4
Molecular Dynamic Simulation of atomic deposition between
MnAs cluster — •Andreas Rühl and Christian Heiliger — I.
Physikalisches Institut, Justus Liebig Universtität Giessen, D-35392
Giessen, Germany

MnAs is a promising ferromagnetic material for magnetoelectronic de-
vices, in particular as nano-scaled clusters, providing a great tunability
concerning the shape and position. We investigate hexagonal MnAs
clusters separated by a metal. For doing a simulation of this problem
we developed an effective potential for MnAs by means of the Force
Matching Method. The resulting potential, fitted to ab initio data,
describes the substrate of our deposition simulation. The interaction
between substrate atoms and the deposition atoms (here gold) is also
done in the scope of Force Matching. Both interaction potentials are
based on the Embedding Atom Method, which turned out to be a suit-
able model for the materials at hand as we prove with some validation
tests.

MM 18.16 Mon 18:00 P4
Modeling phase transformations in binary alloys for eutec-
tic systems — •Muhammad Ajmal Choudhary1, Julia Kundin1,
Martin Oettel2, and Heike Emmerich1 — 1Lehrstuhl für Material-
und Prozesssimulation, Universität Bayreuth, D-95440 Bayreuth. —
2Institut für Angewandte Physik, Universität Tübingen, D-72076
Tübingen.

Phase-field crystal (PFC) modeling has emerged as a promising tech-
nique to address the crystal growth phenomena on atomistic length
and diffusive time scales. We use a 2D PFC model for a binary alloy
system based on Elder et al. [Phy. Rev. B 75, 064107 (2007)] to
investigate the size effects on the equilibrium properties of the liquid-
solid interface. We analyze the equilibrium properties of liquid-solid
interface by stabilizing the circular solid crystal of various radii in the
surrounding liquid phase and the liquid droplets of various radii in the
solid phase in a finite system size. In particular, we propose the method
of determining interfacial energies for a curved liquid-solid interface as
function of radius by integrating the grand potential density over the
simulation domain. Furthermore, we also derive the free energy bar-
riers for the nucleation and compare the results with the prediction
based on the classical nucleation theory.

MM 18.17 Mon 18:00 P4
Effect of surfaces and interfaces on elastic properties of tran-
sition metals studied by DFT and EAM — •Tobias Klöffel1,
Erik Bitzek2, and Bernd Meyer1 — 1Interdisciplinary Center for
Molecular Materials and Computer-Chemistry-Center, FAU Erlangen-
Nürnberg — 2Department of Materials Science and Engineering,
WW 1: General Materials Properties, FAU Erlangen-Nürnberg

Experimental studies show that defect-free metallic nanowires exhibit
different elastic properties compared to their bulk counterparts. Atom-
istic calculations with embedded atom method (EAM) potentials show
the same trend, however, at much smaller wire diameters. In addition,
recent studies indicate that even nanowires with relative large diame-
ter of about 200 nm to 1000 nm might posses a lower Young’s modulus,
if they incorporate hundreds of twin boundaries (TBs) parallel to the
wire axis.

We present first results of systematic atomistic calculations, search-
ing for a possible source of this yet unknown effect, which could be
responsible for a decreased Young’s modulus E. We first calculated
E for a defect-free bulk cell and compared the results to a cell that
included TBs parallel to the direction of the Young’s modulus using
DFT. We also compared the interface-stress calculated by DFT and
EAM to the surface-stresses, which are known to influence the elas-
tic properties of materials. In a second step, we compared the elastic
properties of model wires of different sizes with and without TBs us-
ing EAM potentials. First results will be discussed and compared to
experimental findings.

MM 18.18 Mon 18:00 P4
Simulation of the elastic properties of nanomechanical
beam and membrane resonators — •Kristian Scholz, Thomas
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Möller, Daniel Mutter, Markus Ring, Ralf Schmid, Martin
Vögele, and Peter Nielaba — Physics Department, University of
Konstanz, Germany

The oscillation behaviour of nanomechanical resonators in the form
of doubly clamped beams and clamped membranes is investigated by
molecular dynamics simulations. After setting up the initial structure,
the end points of the beams or the outer border of the membranes,
respectively, are fixed and a constant force is applied over all atoms in
order to achieve a transverse deflection. The force is then turned off
resulting in a free oscillation of the structures. Besides varying the size
of the structures, the effects of temperature, external stretching fields,
cavities and crystal faults are explored. The results show a decrease of
the oscillation frequencies and an increase of the damping coefficient
with rising temperature, a strong increase of the frequencies with ex-
ternal stress (stretching), a decrease of frequencies with size and an
increase of the damping coefficient when adding cavities to the struc-
tures. It is also possible to observe the dissipation of energy from the
collective oscillation of the structures into thermal energy of the de-
grees of freedom of the constituting atoms. Different materials (e.g.
Si, Si3N4 and NiT i memory alloys) are explored as well. In order to
explore quantum effects in the low temperature regime path integral
Monte Carlo simulations are performed.

MM 18.19 Mon 18:00 P4
Heat capacity of Al3FeSi2: Quasiharmonic approximation
versus Neumann-Kopp rule and measurement — •Lilit
Amirkhanyan1, Torsten Weissbach1, Thomas Gruber1, Olga
Fabrichnaya2, Tilo Zienert2, and Jens Kortus1 — 1Institute of
Theoretical Physics, TU Bergakademie Freiberg, Leipziger Str. 23,
D-09596 Freiberg, Germany — 2Institute of Materials Science, TU
Bergakademie Freiberg, Gustav-Zeuner-Straße 5, D-09595 Freiberg,
Germany

Thermodynamic databases are an important tool for the simulation of
solid state reactions and phase diagrams. In cases when the thermody-
namic data are not available for a certain compound, they are calcu-
lated in approximation from elemental data (Neumann-Kopp rule [1]).
Here we compare experimental DSC data with the Neumann-Kopp rule
and first-principles calculations based on DFT and the quasiharmonic
approximation. The compound in question is the τ4-AlFeSi phase, a
ternary light-metal alloy from the Aluminium-rich side of the system.
We show that the DFT-QHA calculations are in good accord with the
measured heat capacity (cp), while the N-K rule suffers several short-
comings.

[1] J. Leitner et al., Thermochimica Acta, 2010

MM 18.20 Mon 18:00 P4
Temperature dependence of the elastic constants of W: An
ab-initio study — •Thomas Dengg1,2, Jürgen Spitaler1, Lorenz
Romaner1, and Peter Puschnig2 — 1Materials Center Leoben
Forschung GmbH — 2Karl-Franzens-Universität Graz, Institut für
Physik

Two different ab-initio approaches for calculating the temperature de-
pendence of the elastic constants of W are investigated. On the one
hand the influence of temperature is taken into account only through
the volume expansion. Here, thermal expansion can either be taken
from experiment or determined theoretically within the quasiharmonic
approximation. On the other hand the temperature dependence can
explicitly be determined by calculating the free energy as a function
of strain. To this end, the phonon density of states is calculated for a
set of strained structures. The results from both approaches are com-
pared with each other and it is assessed how they perform in terms
of computational effort and accuracy and last but not least how well
they agree with experimental values.

MM 18.21 Mon 18:00 P4
The F Center in Lithium Fluoride revisited: comparison
of solid-state physics and quantum-chemistry approaches
— •Ferenc Karsai1, Paul Tiwald1, Joachim Burgdörfer1, Pe-
ter Blaha1, Ludger Wirtz2, Robert Laskowski1, Fabien Tran1,
David Koller1, and Stefanie Gräfe1 — 1Vienna University of Tech-
nology, Vienna, Austria — 2University of Luxembourg, Luxembourg,
Luxembourg

The F-type color-center in LiF is an old prototype problem where an
electron is trapped at a vacant anion site. In an intuitive picture
the defect electron can be approximately described as a particle in
the box. We present a comparison of the physicist’s approach (peri-

odic supercell-approach with various DFT-functionals, GW and Bethe-
Salpeter methods) and the quantum-chemist’s approach (embedded-
cluster approach with wave-function methods such as CASPT2). In
both cases, we observe strong excitonic effects due to the strong lo-
calization of the defect in agreement with the simple particle in box
picture. We also find that the calculated absorption spectra from both
approaches are in unprecedented agreement with experiment.

MM 18.22 Mon 18:00 P4
On low-energy electronic excitations in the Ti1−xAlxN-
system — •Simon Lamowski, Torsten Weißbach, and Jens Ko-
rtus — TU Bergakademie Freiberg, Institut für TheoretischePhysik,
Leipziger Straße 23, 09599 Freiberg, Germany

Layered structures of Ti1−xAlxN were experimentally characterized
by electron energy-loss spectroscopy (EELS) scanned along a direction
perpendicular to the interface. By means of ab initio Density Func-
tional Theory (DFT) calculations using the full potential linearized
augmented plane wave (FP-LAPW) method as implemented in the
Elk code [1] we investigated structural and electronic factors which
influence the EELS up to an energy-loss of 60 eV.

The stability of different structures are calculated with a cluster ex-
pansion technique as implemented in the ATAT program package [2].

Further, we go beyond standard DFT by using time-dependent DFT
with the bootstrap kernel [3]. This enables us to use time-dependent
DFT in calculation for crystalline solids.

[1] Dewhurst K, et al. Elk. Version: 2.2.09 Available from:
http://elk.sourceforge.net/

[2] van de Walle A, et al. ATAT. Version: 2.71 Available from:
http://www.brown.edu/Departments/Engineering/Labs/avdw/atat/

[3] Sharma S, et al. Physical Review Letters; 2011; 107(18): 186401

MM 18.23 Mon 18:00 P4
Atomistic modelling of phase transitions in Ti-Ta high-
temperature shape memory alloys — •Tanmoy Chakraborty,
Jutta Rogal, and Ralf Drautz — ICAMS, Ruhr-Universität
Bochum, 44780 Bochum, Germany

Shape memory alloys (SMAs) exhibit unique properties that are used
in applications such as couplings, sensors or actuators in automobile
industry, aviation and in other technological areas. To extend their
range of applicability, it is of particular interest to develop SMAs that
can be used at high temperatures (HTSMA), with a martensitic trans-
formation temperature well above 373K. Promising results for a novel
HTSMA have been found for the Ti-Ta system. Experimentally it
has been observed that a large Ta concentration stabilizes the shape
memory effect due to supressing the formation of the detrimental ω
phase. But an increasing Ta content also leads to a reduction of the
martensitic transformation temperature.

In our study, we apply density functional theory (DFT) calcula-
tions to investigate the stability of the involved phases (α”, β, ω) as a
function of the Ta concentration. To determine the mechanical and dy-
namical stability of the different phases, we calculate elastic constants
and phonon spectra. Furthermore, the phonon density of states is used
to include vibrational contributions to the free energy which allows us
to compare the relative stability of the different phases as a function of
temperature. Having characterized the stability of the different phases
we investigate the energy profile along the transformation path.

MM 18.24 Mon 18:00 P4
Range Separated Functionals in the Density Functional Based
Tight Binding Method — •Vitalij Lutsker and Thomas A.
Niehaus — Universität Regensburg

The density functional based tight binding method (DFTB) is a pop-
ular and computationally efficient approximation to the Kohn-Sham
density functional theory, showing at the same time useful accuracy.
However, being based on the latter, DFTB inherits the problems of
DFT due to the approximate nature of the popular local exchange-
correlation functionals. Based on the adiabatic connection theorem,
hybrid Hartree-Fock-DFT functionals, with mixing ratio dependent on
the electron-electron interaction range solve many of the known prob-
lems. We intent to implement this approach in the DFTB method.

MM 18.25 Mon 18:00 P4
Large scale Born-Oppenheimer MD with full local orbital op-
timization — •Simon Dubois1,2 and Mike Payne2 — 1Institute of
Condensed Matter and Nanosciences, UCL, Louvain-La-Neuve, Bel-
gium — 2Cavendish Laboratory, University of Cambridge, Cambridge,
United Kingdom
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To predict sensible trajectories and ensemble averages within the Born-
Oppenheimer approximation requires to solve the self-consistent Kohn-
Sham equations at each MD steps. To determine the ground- state
electronic structure hence dominates the computational effort. The
number of cycles required to reach self-consistency can be substan-
tially reduced by using a good initial guess for the electronic degrees
of freedom (EDF). Here we investigate various schemes that enable
an efficient use of the MD history in order to speed-up BOMD calcu-
lations with full local orbital optimization. Extrapolation algorithms
are compared with time-reversible propagators of EDF and tensorial
corrections applied to density kernels. Multiple time- steps integrators
associated with variable levels of local orbitals optimization are also
considered.

MM 18.26 Mon 18:00 P4
C, N and H binding energies in Fe2Nb Laves — •Alvin Noe
Ladines, Thomas Hammerschmidt, and Ralf Drautz — ICAMS,
Ruhr Universität Bochum, Germany

The family of Laves phases are interesting from a technological point
of view because of their capability for hydrogen storage and their
strengthening effect in steel. Although their bulk properties are well
understood, the solubility of light elements in these compounds is still
unclear. This is due in part to their complex defect structure and the
limitations of current experimental techniques for light elements. In
this study, we use density functional theory (DFT) to calculate the
solubility of C, N and H at the different interstitial sites in the Fe2Nb
C14 Laves phase. Our results suggest that the light elements prefer
the voids centered at the triangles shared by two adjacent tetrahe-
dral elements over the centers of these tetrahedra due to the slightly
larger volume. Moreover, the binding energies are also dependent on
the number of Nb nearest neighbors which is consistent with the high
affinity of C, N and H to Nb. Our results suggest a considerable sol-
ubility of N and H in Fe2Nb. For C, we observe a weaker solubility
which we attribute to the increased strain that is apparent as increased
bond lengths.

MM 18.27 Mon 18:00 P4
Electromagnetic field distribution in composite materials:
Are there hot spots? — •Cintia Hartmann1, Béatrice
Hallouet1, Romanus Dyczij-Edlinger2, and Rolf Pelster1 —
1Fachrichtung 7.2 Experimentalphysik Universität des Saarlandes
Campus E2 6 D-66123 Saarbrücken — 2Lehrstuhl für Theoretis-
che Elektrotechnik Universität des Saarlandes Campus C6 3 D-66123
Saarbrücken

We numerically investigate electromagnetic field distributions in com-
posite materials. For that purpose, we use a commercial software (CST
MICROWAVE STUDIO) to simulate a rectangular waveguide filled
with an inhomogeneous medium. This medium consists of a lossy
dielectric material, with a volume concentration of about 10%, dis-
persed in a non-lossy matrix. We simulate different microstructures,
from statistical to non statistical (agglomerates) spatial distributions
of particles. The simulation gives us simultaneously access to the elec-
tromagnetic field and to the effective permittivity (εeff through the
S-Parameter). We check the local variation of the electric field and
of energy disipation in order to find out, whether so-called hot spots
exist.

MM 18.28 Mon 18:00 P4
Bestimmung der Nachweisgrenze bei der Tiefenprofilie-
rung von Fluor in TiAl mittels PIGE — •Daniel Brenner1,
Hans-Eberhard Zschau2, Sven Neve1 und Lothar Schmidt1 —
1Institut für Kernphysik, Frankfurt a.M., Deutschland — 2Dechema-
Forschungsinstitut, Frankfurt a.M., Deutschland

Die Modifizierung der Oberflächen von Titan-Aluminium-Legierungen
mit Fluor verbessert die Oxidationsbeständigkeit bei hohen Tempera-
turen. Bei einem neuen Verfahren des Recyclings des Werkstoffs werden
geringe Mengen CaF2 zugesetzt. Auch dies könnte zu einem erfolgrei-
chen Oxidationsschutz führen.

Um einen erfolgreichen Halogeneffekt für geringe Konzentrationen
von Fluor nachweisen oder widerlegen zu können, muss Fluor bei
Konzentrationen im ppm-Bereich zerstörungsfrei nachgewiesen wer-
den können. Dazu wurden T iAl-Proben mit geringen Mengen Fluor
oberflächennah implantiert. Durch Mehrfachimplantationen kann ein
Bereich annähernd konstanter Fluor-Konzentration realisiert werden.
Die Technik der Proton Induced Gamma Emission (PIGE) diente zum
Nachweis der implantierten Profile. Die Nachweisgrenze unter den Be-
dingungen der zerstörungsfreien Tiefenprofilierung des bisher üblichen

Messsystems mit NaI-Detektor und VKA wurde auf 400 ppm be-
stimmt und nach Umstieg auf digitale Datenaufnahme weiter verbes-
sert. Es wurden sowohl mit Fluor implantierte T iAl-Proben, als auch
Proben aus recyceltem T iAl untersucht.

MM 18.29 Mon 18:00 P4
Instabilities during frictional sliding — •Marc Weikamp1,
Robert Spatschek1, Efim Brener2,3, Eran Bouchbinder3, and
Yohai Bar Sinai3 — 1Max-Planck-Institut für Eisenforschung
GmbH, D-40237 Düsseldorf, Germany — 2Peter Grünberg Institut,
Forschungszentrum Jülich, D-52425 Jülich, Germany — 3Chemical
Physics Department, Weizmann Institute of Science, Rehovot 76100,
Israel

The quantitative description of frictional processes ranging from lab-
oratory experiments up to geological events is most commonly de-
scribed in the framework of the rate-and-state theory of friction. This
theory goes beyond the concept of static and dynamic friction coeffi-
cients alone and takes into account both a direct effect – a velocity-
dependence of the dynamic friction coefficient – as well as an indirect
effect via the ageing of microcontacts between the sliding surfaces. It
can predict velocity weakening effects, which lead to stick-slip motion.
Moreover, the theory successfully describes many features and a rich
variety of effects during real earthquake events. Here we show that the
standard rate-and-state theory leads to a new and unexpected high
frequency instability on the velocity strengthening branch, which is
conventionally considered to be stable. Linear stability analyses are
applied to situations of infinitely thick and finite height samples, which
are dragged over a rigid substrate. The findings are supplemented by
finite element simulations of frictional phenomena to explain the oc-
currence of “slow earthquakes”.

MM 18.30 Mon 18:00 P4
In-situ TEM fracture tests of nanoscale multilayers —
•Christian Meckenhäuser, Andreas Kelling, Inga Knorr, To-
bias Liese, Hans-Ulrich Krebs, and Cynthia A. Volkert — In-
stitute for Materials Physics, Georg-August-University of Göttingen,
Friedrich-Hund-Platz 1, Göttingen, Germany

Nanocomposite materials are commonly used in many different appli-
cations due to their unique combinations of material properties. Here,
we try to understand the mechanism of fracture in nanocomposites and
the influences of interfaces on fracture in order to learn how to sepa-
rate nanoscale materials efficiently. By varying the layer thicknesses a
possible length scale depend behavior of fracture in nanoscale multi-
layer systems can be tested. The multilayers consist of nanocrystalline
Ti and amorphous ZrO2, both deposited by pulsed laser deposition.
The mechanical properties of the multilayer samples have been deter-
mined using Berkovich indentation and microcompression tests. The
interfaces of the multilayer system are very sharp and smooth and the
layer thicknesses of each material can by varied between 10 and 100 nm
resulting in a perfect set of different samples for the fracture tests. We
deform these multilayers with a specially designed in-situ setup inside
a TEM using an STM holder which allows for stable and controllable
crack growth. Initial studies on samples with 100 nm thick layers show
that the cracks form at a notch created with the FIB and run through
the middle of a Ti layer. The crack may jump to a neighboring Ti
layer by forming a shear band in the intervening ZrO2 layer. In this
presentation we will show preliminary results of fracture tests.

MM 18.31 Mon 18:00 P4
Structure and thermal stability of HPT-processed Cu-16
at.%Al — •Nazar Ibrahim, Martin Peterlechner, Sergiy Divin-
ski, and Gerhard Wilde — Institute of Materials Physics, Westfälis-
che Wilhelms-University Münster,Wilhelm-Klemm-Str. 10, 48149
Münster

Severe plastic deformation is an effective tool for production ultra-
fine grained materials with extraordinary mechanical properties, cor-
responding to a high strength and relatively good ductility. In this
work, structure modification by high pressure torsion (HPT) and the
thermal stability of the resulting microstructure are investigated for
the Cu16 at.% Al alloy. For this alloy, a propensity for five-fold twin-
ning has recently been reported [X.H. An, et al., Scripta Materialia
64 (2011) 249]. Disks with a thickness of 0.8 mm and diameter of 10
mm were processed via HPT for 2, 5, 10 and 20 revolutions at room
temperature under hydrostatic pressure levels of 2, 4 and 6 GPa and
a rotational speed of 1 rpm. Structural and thermal analyses were
carried out using X-ray diffraction, transmission electron microscopy
(TEM) and differential scanning calorimetry (DSC). The DSC experi-
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ments using constant heating rates showed two exothermic peaks in the
temperature range from 30◦C to 450◦C. After HPT a highly distorted
structure was observed, including dislocations, fragmented grains and
twins. Due to the low stacking fault energy in Cu84Al16, twinning
makes a significant contribution to plasticity during HPT. The results
are discussed with respect to the reported five-fold twinning in this
alloy.

MM 18.32 Mon 18:00 P4
Microstructural analysis of the creep behavior of direction-
ally solidified eutectic NiAl-Cr — •Antje Krüger, Michael Kli-
menkov, and Anton Möslang — Institute for Applied Materials -
Applied Materials Physics, Karlsruhe Institute of Technology (KIT)

NiAl with its low creep resistance at T > 600 ◦C can be strength-
ened by the refractory element Chromium. The directionally solidified
eutectic composite NiAl-34Cr (at%) forms long Cr-fibers with diame-
ters between 200 nm and 700 nm depending on the production process.
NiAl-Cr shows at high temperatures a better oxidation and creep resis-
tance and a reduced brittle to ductile transition temperature (BDTT)
than the binary system NiAl. Typical applications for this material
would comprise devices in gasturbines and aeroplane turbines to get
an improved energy efficiency.

In our study we present first results of creep tests measured at con-
stant compressive loads and constant temperatures above 700 ◦C under
vacuum conditions. The cylindrical specimens were manufactured by
wire electro-discharge machining with a diameter of 3mm and a length
of 6 mm. The microstructure of the tested specimens is analyzed by
TEM. With this facility we can have a look on the microstructure to
find out which mechanisms are responsible for the deformation and
how the Cr-fibers strengthen the NiAl-matrix. Further investigations
are done by EDX measurements and selected area diffraction patterns
(SADP) to get information on the chemical composition and the crys-
tal orientation of the NiAl matrix, the Cr fibers and the interface.

The authors thank the Helmholtz association for financial support.

MM 18.33 Mon 18:00 P4
PAC studies of uniaxial compressive stressed zinc, tita-
nium, rutile, Ti2AlN, and Nb2AlC — •Christoph Brüsewitz1,
Daniel Jürgens1, Ulrich Vetter1, Hans Hofsäss1, and Michel W.
Barsoum2 — 1II. Physikalisches Institut, Georg-August-Universität
Göttingen, Friedrich-Hund-Platz 1, D-37077 Göttingen, Germany —
2Dep. Mat. Sci. & Eng., Drexel University, Philadelphia, PA 19104,
USA

Polycrystalline zinc, titanium, rutile, and the MAX phases Ti2AlN and
Nb2AlC were studied with the perturbed angular correlation (PAC)
method using 111In/111Cd as probe atom. The electric field gradient
(EFG) at room temperature was studied as function of mechanical de-
formation caused by a uniaxial compressive load. A reversible and an
irreversible increase in the distribution width of the EFG, visible as a
damping of the PAC spectrum, were found under load and after releas-
ing the load, respectively. Annihilation of dislocations, in agreement
with the proposed incipient kink band (IKB) mechanism, as well as
elastic deformation are considered to contribute to the reversible be-
havior. The irreversible behavior is caused by a permanent increase in
dislocation and point defect density. The deformation induced broad-
ening of the EFG can be recovered by post-annealing of the deformed
sample.

MM 18.34 Mon 18:00 P4
In-situ TEM deformation of Ti3SiC2- MAX phase — •Mona-
Christin Maaß, Burkhard Roos, and Cynthia A. Volkert — In-
stitute of Materials Physics, Georg-August-University of Göttingen,
Friedrich-Hund-Platz 1, Göttingen, Germany

MAX phases are layered alloys consisting of a transition metal, an
A-group element, and carbon (or nitrogen). They are interesting can-
didates for technical application because of their combined properties:
electrically and thermally conductive like metals, but also stiff, heat-
resistant, and brittle like ceramics.

In-situ TEM experiments are performed to examine the plastic defor-
mation of Ti3SiC2, where dislocation motion is strongly constrained in
the basal planes, and to gain insights into the 2-dimensional dynamics
of dislocations. For these experiments samples were prepared by con-
ventional thinning with dimpling and Ar ion milling, and also by FIB
milling. The samples contained an initial high density of dislocations
and were deformed in-situ by loading them with a piezo actuated tung-
sten tip. These in-situ experiments showed that dislocations move un-
der loading and are able to leave the sample at its free surfaces. Based

on crystallographic investigations and TEM post-mortem analysis the
slip planes and slip directions of the dislocations and their interactions
with existing defects in Ti3SiC2 is discussed. Although these observa-
tions are specific to Ti3SiC2, other MAX phases are likely to behave
similarly because they all have similar layered, hexagonal structures.

MM 18.35 Mon 18:00 P4
Using molecular dynamics modeling to determine the free
energy of melts and intermetallic compounds of binary al-
loys — •Mohammed Guerdane — Karlsruhe Institute of Technology
(KIT) Institute of Applied Materials - Reliability of Components and
Systems (IAM-ZBS)

Knowledge of the dependence of the free energy (FE) on temperature
and density is a necessary pre-requisite to understand the thermody-
namics of phase transformations -like solidification- of binary or multi-
component melts. We present here an atomistic approach aimed at de-
termining the free energy of binary alloy liquids fliq by combining the
quasiharmonic approximation, applied for solids, with the liquid-solid
coexistence method. Despite of its simplicity, this approach is able to
deliver an accurate phase diagram and to describe with high reliability
phase transformations. This is demonstrated by linking molecular dy-
namics simulations to phase-field modeling (based on fliq) in a quan-
titative study of solidification and melting kinetics. This approach
would be a valuable alternative to the mostly sophisticated and costly
free energy methods.

MM 18.36 Mon 18:00 P4
Waiting time statistics indicating crossover from 3D uncor-
related nano shear bands to cooperative shear motion — Jon-
Olaf Krisponeit, •Sebastian Pitikaris, Karina E. Avila, Stefan
Küchemann, Antje Krüger und Konrad Samwer — I. Physikali-
sches Institut, Universität Göttingen, Friedrich-Hund-Platz 1, 37077
Göttingen, Germany

We investigated the post-elastic creep deformation of Pd77.5Cu6Si16.5
metallic glas ribbons via Dynamical Mechanical Analysis, i.e. we re-
corded its strain response over time after exerting a uniaxial stress
jump. Macroscopically, one observes a smooth strain curve comprising
of elastic, anelastic and plastic contributions. On a finer scale, however,
the creep curve is made up of steplike jumps rather than proceeding
continuously. We approach the statistical properties of the underlying
slip events using a novel waiting time analysis. These show a power
law distribution similar to those observed for other systems exhibiting
avalanche dynamics e.g. Barkhausen noise or fracture in crystals. In
long-time experiments we observed a crossover between two distinct
power law regimes. We ascribe the first regime to the stress-assisted
formation of 3D independent avalanches of shear transformation zones,
the fundamental microscopic unit of deformation. The transition to a
second power-law regime indicates the onset of cooperative 2D nano
shear band motion. We acknowledge financial support for this work by
DFG via SFB 602 and FOR 1394 and the German-Israeli Foundation.

MM 18.37 Mon 18:00 P4
Electronic properties of metallic gallium up to 4 GPa as stud-
ied with new anvil-cell NMR — •Thomas Meier and Jürgen
Haase — Universität Leipzig, Institut für Experimentelle Physik II

A new approach to nuclear magnetic resonance under pressures of sev-
eral GPa is developed and is used to investigate the response of the
electronic states, as well as the atomic motion in gallium (Ga) metal.
Liquid Ga (below 2 Gpa) was studied, as well as solid Ga in the cubic
Ga-II phase at pressures up to 4 GPa. We found distinct deviations
from what is expected for a free electron liquid, which cannot be ex-
plained with current theories. The change in the electronic properties
upon the pressure inducing solidification at 2 GPa, indicates a dra-
matic change in the electronic density of states at the Fermi level,
which is a characteristic feature of anomalous melting metals. The
investigation of the nuclear spin-lattice relaxation allows us also to
determine the correlation time of the fluctuations of the electric field
gradient at the nuclei produced by the high atomic mobility in the
melt. We find the correlation time to increase linearly with pressure,
up to the phase transition. Additionally, the observed freezing and
melting behaviour of liquid gallium/gallium I at various pressures dis-
played a distinct hysteresis, indicating pressure induced alterations in
the crystallisation behaviour of volume constricted gallium metal.

MM 18.38 Mon 18:00 P4
Hardness measurements of shear bands in the bulk metallic
glass Pd40Ni40P20 by Nanoindentation — •Niklas Nollmann,
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Jörn Leuthold, and Gerhard Wilde — WWU Münster, Deutsch-
land

In metallic glasses the hardness is influenced by the deformation state
of the glass. For example in a sample deformed by rolling, the hard-
ness is lower than in an undeformed sample. During the process of
deformation the stress is localized in shear bands that are expected
to have lower elastic modulus and lower hardness. In order to exper-
imentally assess this hypothesis, nanoindentation was utilized. There
for we prepared cold rolled metallic glass samples to obtain a defined
state. Shear bands are produced, which are easy visible on the polished
surface of the Sample. The hardness has been measured by two differ-
ent ways. Firstly we made a number of defined nanoindents directly
on top of the shear bands without polishing the sample. Secondly the
sample has been polished before the nanoindentation measurements.
SEM micrographs were taken before the polishing and finally after the
nanoindentation process. By image correlation of these SEM micro-
graphs, the position of the shear bands could be determined. The
hardness of every indent was calculated in order to estimate the hard-
ness of the shear bands.

MM 18.39 Mon 18:00 P4
Effect of shear localization on atomic transport and mechani-
cal damping in a Pd40Ni40P20 bulk metallic glass — •Isabelle

Binkowski1, Igor S. Golovin2, Sergiy V. Divinski1, and Ger-
hard Wilde1 — 11- Institut für Materialphysik, Universität Münster,
Wilhelm-Klemm-Str. 10, D-48149 Münster, Germany — 22- Techno-
logical University ’MISiS’, Leninsky ave.4, 119049 Moscow, Russia

Bulk metallic glasses feature beneficial properties which are promis-
ing for applications, because of which they have received increasing
attention. Metallic glasses exhibit mechanical properties such as high
strength and hardness, however, this advantage is impeded by the
fact that their plasticity appears to be extremely limited. The plas-
tic deformation is localized in thin regions, called shear bands, with
widths from 10nm to 50 nm, whose extension lead to catastrophic fail-
ure. Despite their obvious importance, there exist several open issues
concering the initiation, propagation, kinetics and general comprehen-
sion of shear banding. In the present study, the characteristics of shear
bands in a Pd40Ni40P20 bulk metallic glass are investigated more pre-
cisely utilizing the radiotracer technique to measure atomic transport
in shear bands. Additionally, combining these experimental results
with calorimetric measurements and a mechanical spectroscopy study
gives insight into the time-dependence and the impact of structural
changes on diffusion and damping capability of the metallic glass.

Financial support of DFG and RFBR (project 13-03-91330/13) are
acknowledged.

MM 19: Invited Talk (Hauptvortrag) Maier

Time: Tuesday 9:30–10:00 Location: BAR 205

Invited Talk MM 19.1 Tue 9:30 BAR 205
Size effects on ion transport and energy storage in nanoma-
terials — •Joachim Maier — Max Planck Institute for Solid State
Research, Stuttgart, Germany

Mobile ions enable a palette of applications in particular in the field
of energy research and cannot be rendered dispensable by using elec-
trons. Typical examples are fuel cells and batteries. Here nanoionics
can have a substantial impact.

Not only can the introduction of interfaces and the variation of their
spacing drastically vary conductivities, also qualitative changes can be
achieved: insulators can be turned into conductors, electronic conduc-

tors into ion conductors, anion into cation conductors and interstitial
into vacancy conductors. The use of true size effects leads to the gen-
eration of artificial mesoscopic ion conductors.

Size effects can be of direct relevance for electrochemical devices
such as lithium-based batteries. Here effects on cell voltage and ion
transport in the electrolytes are considered. Size effects lead, in addi-
tion to conductivity anomalies, also to storage anomaly. It is shown
that in composites lithium can be accommodated by a ”job-sharing”
mechanism even though none of the constituted phase may be able
to do so. Besides pronouncing the materials science implications, the
underlying thermodynamic concepts are emphasized.

MM 20: Topical Session: Nanomechanics of nanostructured materials and systems IV -
Tribology/Composites

Time: Tuesday 10:15–12:00 Location: IFW A

Topical Talk MM 20.1 Tue 10:15 IFW A
Nanometer-scale plasticity of (amorphous) metallic surfaces
— •Arnaud Caron, Johannes Maurer, and Roland Bennewitz
— INM Leibniz-Institute for New Materials, Camnpus D2.2, 66123
Saarbrücken, Germany

The sub-micrometer-scale plastic deformation of Pt(111) and
Pt57.5Cu14.7Ni5.3P22.5 metallic glass is discrete in nature and can
be rationalized by the respective mechanisms for plastic deforma-
tion: burst-like activation and sliding of dislocation for crystalline
metals and localized shear banding for metallic glasses. The dis-
crete character of plastic deformation is conserved at the nm-scale
for Pt(111). In contrast we observe a homogeneous flow in the
case of Pt57.5Cu14.7Ni5.3P22.5 metallic glass at the nm-scale. On
the one hand, the nm-scale plastic deformation of Pt(111) is me-
diated by the homogeneous nucleation and gliding of single dislo-
cations. On the other hand, the nm-scale plastic deformation of
Pt57.5Cu14.7Ni5.3P22.5 metallic glass involves the collaborative flow
of structural unit, such as in the flow of viscous liquids and can be
referred to as a structural collapse. Likewise, the nm-scale wear be-
haviour of Pt(111) occurs by dislocation-mediated homogeneous plastic
deformation. In contrast, the wear of Pt57.5Cu14.7Ni5.3P22.5 metal-
lic glass occurs through localized plastic deformation in shear bands
that merge together in a single shear zone above a critical load and
corresponds to the shear softening of metallic glasses.

MM 20.2 Tue 10:45 IFW A
Grain size and orientation evolution of high-purity copper un-

der reciprocating tribological loading — •Christian Greiner
and Zhilong Liu — IAM-ZBS, Karlsruhe Institute of Technology,
Karlsruhe, Germany

One of the key questions in tribology is to correlate a material’s mi-
crostructure with its friction and wear properties. However, there is
still a significant lack of knowledge about the mechanisms for the evo-
lution of the microstructure under a tribological load.

A reciprocating motion and high-purity copper in contact with a sap-
phire sphere was investigated. With an annealed initial microstructure,
the energy dissipated during the sliding motion was varied by increas-
ing the sliding distance up to several meters. A dual-beam microscopy
system (FIB and SEM) was used to investigate the resulting grain size
and to perform EBSD and (S)TEM measurements to follow the evo-
lution of the microstructure in the wear track thoroughly. Results for
the microstructure evolution, e.g. grain size and preferred orientation,
with the sliding distance will be presented.

A long term goal of this study is to develop a model description for
the microstructural changes in view of energy and mechanics in order
to understand these changes and their influence on the tribological
properties. In the future, this might allow for tailored microstructures
combining low friction forces and very small wear rates.

MM 20.3 Tue 11:00 IFW A
Nanoporous gold - polymer composites with strength and
conductivity — •Ke Wang1 and Jörg Weissmüller1,2 — 1Institut
für Werkstoffphysik und Werkstofftechnologie, Technische Univer-
sität Hamburg-Harburg, Hamburg, Germany — 2Institut für Werk-
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stoffforschung, Werkstoffmechanik, Helmholtz-Zentrum Geesthacht,
Geesthacht, Germany

Nanoporous metal synthesis via dealloying provides mm- or cm-sized
monolithic samples consisting of a homogeneous network structure of
nanoscale ”ligaments” with uniform size that can be controlled down
to below 10 nm. The strength of the ligaments increases with de-
creasing size, attaining the theoretical strength at ligament diameters
in the lower nanometer region. Here, we explore a novel materials
design strategy that combines this high-strength and uniform metal-
lic network structure with an interpenetrating polymer phase to ob-
tain a strong, lightweight composite material. The porous metal was
vacuum-impregnated with epoxy resin and tested for microhardness,
macroscopic tensile and compressive stress-strain behavior. The re-
sults demonstrate that impregnation with a polymer is an efficient
way of reducing the density change during plastic flow under uniax-
ial load. The composite is ductile in tension and compression, its
strength considerably exceeds that of each of the constituent phases,
and its electric conductivity reaches 1% of that of high-purity massive
copper. The finding validates a novel materials design strategy that
exploits the trend of ”smaller is stronger” in metal nanostructures by
incorporating them as reinforcement into a bulk composite material.

MM 20.4 Tue 11:15 IFW A
Micromechanical characterization of nanoporous gold/epoxy
composites — •Kaixiong Hu1, Ke Wang2, Daniel Kupka1,
Markus Ziehmer1, and Erica Lilleodden1 — 1Institute of Mate-
rials Research, Materials Mechanics, Helmholtz-Zentrum Geesthacht
— 2Institute of Materials Physics and Technology, Hamburg Univer-
sity of Technology

Nanoporous gold displays tunable mechanical behavior through the
variation of internal length-scales, but it is severely limited by its lack
of ductility in tension. By infiltrating the porous structure with epoxy,
a composite material with tensile ductility and enhanced flow stress is
achieved. Importantly, the infiltration of epoxy offers an advantage
for 3D tomographic analysis by allowing ”clean” cross sectioning with
a focused ion beam. The resultant 3D reconstructions can be used
to quantify characteristic structural parameters, and as direct input

for finite element simulations of deformation. This, in turn, allows
an improved description of the structure-property relations controlling
this unique material. In the presented work, we have carried out a
study of the micromechanical investigation of the nanoporous gold-
epoxy composite using nanoindentation-based testing methods and fi-
nite element simulations, along with 3D tomographic characterization
of the undeformed and deformed material. Results reveal how the 3D
microstructure of the composite influences its mechanical behavior,
and are discussed in terms of size-dependent plasticity and classical
scaling laws for porous materials.

Topical Talk MM 20.5 Tue 11:30 IFW A
Linking experiments and simulations to understand third
body formation of tribologically stressed surfaces — •Martin
Dienwiebel1,2, Pantcho Stoyanov1,2, Pedro A. Romero1,2, Rolf
Merz3, Priska Stemmer4, and Michael Moseler2,5 — 1Karlsruhe
Institute of Technology, MicroTribology Center, IAM-ZBS, Karlsruhe,
Germany — 2Fraunhofer IWM, Freiburg, Germany — 3IFOS GmbH,
Kaiserslautern, Germany — 4University Duisburg-Essen, Duisburg,
Germany — 5University of Freiburg, Freiburg, Germany

In the present work we aim to link tribometry with atomistic simu-
lations in order to improve our understanding of nanoscale interfacial
processes of a tungsten-carbon-hydrogen tribo couple. Sliding induces
severe changes of the material with respect to topography, composition
and microstructure ( ”third body”, [1]). Experiments were performed
using a novel experimental platform for the on-line correlation of fric-
tion, wear and topography under lubricated sliding [1]. Then, in order
to elucidate the atomistic level processes which contribute to the ob-
served microstructural evolution in the experiments, classical molecu-
lar dynamics are performed employing a bond order potential for the
Tungsten-Carbon-Hydrogen system. The combined experimental and
simulation data allowed a look at the third body formation of metals
(tungsten), ceramics (WC) [3,4] and diamond-like carbon coatings [5].

[1] M. Godet, Wear, 100 (1984) 437-452. [2] S. Korres, M. Dien-
wiebel, Rev. Sci. Instrum., 81 (2010) 063904. [3] P. Stoyanov et al.,
Tribol. Lett., 50 (2013) 67-80. [4] P. Stoyanov et al., ACS Appl. Mat.
Int., 5 (2013) 6123-6135. [5] P. Stoyanov et al., Acta mater., accepted
(2013)

MM 21: Topical Session: Thermodynamics at the nano scale I - Kinetics, nucleation, grain
growth, segregation

Time: Tuesday 10:15–11:30 Location: BAR 205

Topical Talk MM 21.1 Tue 10:15 BAR 205
Nucleation and growth in small systems — •Christoph Del-
lago — University of Vienna, Vienna, Austria

Under suitable conditions, first order phase transitions such as the
freezing of a liquid or the structural transformation of a solid occur
via a nucleation and growth mechanism, in which a nucleus of the sta-
ble phase is formed in the metastable phase. For systems with sizes
in the nanometer regime, the nucleation mechanism and its kinetics
are strongly affected by finite size effects. I will address this issue us-
ing melting/freezing of gold nanoparticles and the Wurtzite-to-rocksalt
transition in CdSe nanocrystals as illustrative examples. Based on the
results of transition path sampling simulations, I provide a picture of
the transition mechanism paying particular attention to the structure
of the critical nuclei. The role of the reaction coordinate in the inves-
tigation of the transition mechanism is discussed.

MM 21.2 Tue 10:45 BAR 205
Observing steady-state coarsening: From nanocrystalline to
normal grain growth — •Dana Zöllner and Peter Streiten-
berger — Institut für Experimentelle Physik, Otto-von-Guericke-
Universität Magdeburg, Universitätsplatz 2, 39106 Magdeburg, Ger-
many

It is well-known that normal grain growth is characterized by a
parabolic growth law and self-similar scaling resulting in a univer-
sal, time-independent grain size distribution as well as in a self-similar
topology of the polycrystalline grain microstructure. In the present
work we show by theoretical considerations and modified Potts model
simulations that self-similarity is also a feature of junction controlled
grain growth as it can be found in nanocrystalline materials.

To this aim, the influence of the grain junctions - boundary faces,

triple lines and quadruple points - on the growth kinetics is analyzed
by attributing each type of boundary junction an own specific energy
and mobility. This strategy results in nine size-dependent types of
growth kinetics, each characterized by a self-similar scaling form of
the growth law and corresponding self-similar grain size distributions.
For the three limiting cases of grain growth controlled by the spe-
cific grain boundary energy in conjunction with the mobility of grain
boundaries, triple lines or quadruple points the analytical results are
in good agreement with those obtained by Potts model simulations.
In particular, we show that triple and quadruple junction controlled
coarsening is characterized by a series of quasi-steady-states reaching
for long-time annealing the characteristics of normal grain growth.

MM 21.3 Tue 11:00 BAR 205
Segregation at and structure of iron grain boundaries us-
ing parameterized electronic description. — •Georg K. H.
Madsen1, Jingliang Wang1, Nicholas Hatcher1,2, and Ralf
Drautz1 — 1ICAMS, Ruhr-Universität Bochum, 44780 Bochum, Ger-
many — 2QuesTek Innovations LLC, Evanston, IL 60201, USA

We employ a recently developed iron carbon orthogonal tight-binding
model of grain boundaries (GBs) in the iron-carbon system. Bulk
electron states are captured in this model as it is applied to systems
containing over 5,000 ferromagnetic atoms. A strategy for a systematic
screening of grain boundary energies has been applied to BCC-Fe. We
show how the Fe-Fe tight binding model is able to pre-screen the rig-
orous coincidence site lattice GBs and apply it to calculate the stable
Σ < 15 GBs in α-Fe.

The properties of carbon near and on the Σ5 (310)[001] symmet-
ric tilt GB are calculated and it is found that a carbon atom lowers
the GB energy by 0.29 eV/atom in accordance with the DFT value
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of 0.23 eV. Carbon segregation to the GB is analyzed, and we find an
energy barrier of 0.92 eV for carbon to segregate to the carbon-free
interface while segregation to a fully-filled interface is disfavored. We
isolate two different mechanisms governing carbon’s behavior in iron:
a volumetric strain which increases the energy of carbon in interstitial
α-iron and a non-strained local bonding which stabilizes carbon at the
GB.

MM 21.4 Tue 11:15 BAR 205
Solid state amorphization of thin metal films embedded in
bulk metallic glass — •Tobias Brink1, Daniel Şopu1,2, and
Karsten Albe1 — 1Institut für Materialwissenschaft, Technische Uni-
versität Darmstadt, Germany — 2now at ICAMS, Ruhr-Universität
Bochum, Germany

Metals commonly appear in crystalline phases. Even thin films of
metal stay crystalline on a variety of substrates. In contrast, it was

recently observed experimentally, that thin metal layers embedded in
a bulk metallic glass matrix become amorphous if they are thin enough
(Ghafari et al., Appl. Phys. Lett. 100 (2012), 203108). The resulting
multilayer systems have possible applications in the realm of materials
for magnetic tunnel junctions, among others. We reproduced this effect
in a series of molecular dynamics simulations and investigated the driv-
ing force behind it. We show that thin amorphous metal nanolayers in
our model system are thermodynamically stable. We present a model
based on a competition between the excess energy of the amorphous
phase and the interface energy. We show that the glass–glass interface
has lower potential energy than the corresponding crystal–glass inter-
face. Our model correctly predicts the critical thickness under which
amorphization occurs. These results suggest that other technologically
relevant systems with amorphization of metallic nanolayers may exist.
The results are also of interest for the study of crystalline phases in
bulk metallic glasses.

MM 22: Mechanical properties I - Plastic deformation & fracture

Time: Tuesday 10:15–11:45 Location: IFW B

MM 22.1 Tue 10:15 IFW B
Ductile-to-brittle transition in metallic glasses under cryo-
genic cooling — •Minqiang Jiang — State Key Laboratory of Non-
linear Mechanics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, PR China — Institute of Materials Physics, Westfälis-
che Wilhelms-Universität Münster, Münster 48149, Germany

At temperatures well below the glass transition temperature, the fail-
ure of metallic glasses is generally induced by shear-banding that is a
result of the self-organized shear transformation zones (STZs). Here,
we demonstrate that upon cooling down to liquid-helium temperature
(4.2 K), a Zr-based metallic glass can fail via cavitation rather than by
shear-banding due to the intervention of a ductile-to-brittle transition.
This is supported by the breakdown of low-temperature strengthen-
ing of materials, as well as the change of fracture modes from shear
to tension and fracture morphologies from vein-pattern to fine dimple
or nanoscale periodic corrugation. We propose that a temperature-
dependent STZ-dilatation, defined as the ratio of mobile free-volume to
STZ-volume, controls the ductile-to-brittle transition, and across the
transition point the STZ-type rearrangements of atomic-cluster will
convert into the cavitation-dominated operations, i.e., tension trans-
formation zones. Our findings shed new insight into fracture strength
and energy dissipation mechanism in amorphous alloys, particularly at
very low temperatures.

MM 22.2 Tue 10:30 IFW B
Microstructural influences on inhomogeneous plastic flow in
AA2198 — •Henry Ovri and Erica Lilleodden — Helmholtz Zen-
trum Geesthacht, Institute of Materials Research, Materials Mechan-
ics, Geesthacht, Germany

Inhomogeneous plastic flow has been reported in several Al alloys and
is known to severely limit the formability of sheet metals and promote
the formation of undesirable striations on the surface of the deforming
part. Understanding the micromechanisms responsible for the occur-
rence of these plastic instabilities is pivotal to the design of alloys and
process routes that mitigate the effect. Although it is widely accepted
that the phenomenon is associated with dynamic strain aging (DSA)
and negative stain rate sensitivity (NSRS), the effect of precipitation in
retarding or enhancing the instabilities is still not clear. In this work,
the effect of precipitation on inhomogeneous plastic flow in an Al-Li
based alloy (AA2198) is investigated by using nanoindentation, atom
probe microscopy and in situ TEM straining methods. The results are
discussed on the basis of the observed interactions between matrix dis-
locations and coherent ordered δ′ (Al3Li) precipitates, residual matrix
solute content and dislocation-particle interaction theories.

MM 22.3 Tue 10:45 IFW B
Tuning tensile ductility in composite structured Ti-based al-
loys — •Ilya Okulov1,2, Uta Kühn1, Jens Freudenberger1,3,
Werner Skrotzki4, and Jürgen Eckert1,2 — 1IFW Dresden,
Helmholtzstr. 20, D-01069 Dresden, Germany — 2Technische Univer-
sität Dresden, Institut für Werkstoffwissenschaft, D-01062 Dresden,
Germany — 3Technische Universität Bergakademie Freiberg, Institut
für Werkstoffwissenschaft, Gustav-Zeuner- Str. 5, D-09599 Freiberg,

Germany — 4Technische Universität Dresden, Institut für Struktur-
physik, D-01062 Dresden, Germany

Due to a well-balanced structure, Ti-based ultrafine-dendrite compos-
ites exhibit high strength and compressive plasticity already in the
as-cast state. They consist of a β-Ti phase surrounded by ultrafine
structured intermetallics: the β-Ti phase is ductile and tough one,
while the brittle intermetallics effectively strengthen the alloys. The
most of Ti-based ultrafine-dendrite composites are brittle in tensile
loading. Recently, it was reported that the control of precipitates in
the Ti-Nb-Cu-Ni-Al system can significantly enhance tensile ductility
and maintaining high yield strength [1]. The approach was successfully
applied to several Ti-based systems. And new composite structured
alloys with high strength and tensile ductility were developed. For
example, Ti68.8V13.6Cu6Ni5.1Al6.5 exhibits the ultimate strength of
about 1250 MPa and the tensile ductility of about 4.5%.

1. Okulov et al. - Materials Science and Engineering C, 33 (2013)
4795-4801

MM 22.4 Tue 11:00 IFW B
Ab-initio modelling of mode I cleavage — •Beatrix A. M. El-
sner and Stefan Müller — Hamburg University of Technology, In-
stitute of Advanced Ceramics, Denickestr. 15, D-21073 HH

In this contribution we focus on the atomistic modelling of fracture,
employing density functional theory to investigate the response of Cu
and TiO2 to mode I loading. As long as structural relaxations are
omitted, the universal binding energy relation [1] may be applied to
obtain the theoretical strength. However, relaxations can significantly
affect the cleavage energy, and the stresses due to rigid displacement
can only be considered an upper limit. If atomic relaxations are al-
lowed, cleavage is treated as an energy minimization problem, and
rupture will occur at the critical displacement lc for which the Griffith
criterion is fulfilled: Estrain(lc) = Ecleavage(lc). As the strain energy
depends on the system dimension perpendicular to the cleavage plane,
the critical displacement is proportional to the square root of this sys-
tem dimension. A consequence of this size effect are unphysical results
in the limit of large system dimensions. We have used the nudged elas-
tic band method (NEB) to study the transition from strain to cleavage,
and we find that the energy barriers involved in the transition increase
with increasing system size. This opposes the above-mentioned size ef-
fect and may limit the critical displacement. Further, our calculations
suggest that prior to surface separation, the strain will localize close
to the cleavage surfaces.
Supported by DFG, SFB 986, project B3.
[1] J. H. Rose, J. R. Smith, J. Ferrante, Phys. Rev. B 28, 1835 (1983).

MM 22.5 Tue 11:15 IFW B
Residual stresses and internal architectures of AlSi-
alloys for cast engine components — Michael Schöbel1,
Georg Baumgartner2, and •Stefan Gerth3 — 1Forschungs-
Neutronenquelle Heinz Maier-Leibnitz (FRM II), TU Munich, Ger-
many — 2Umformtechnik und Gießereiwesen, TU Munich, Germany
— 3Entwicklungszentrum für Röntgentechnik, Fraunhofer Institut
Fürth, Germany



Metal and Material Physics Division (MM) Tuesday

The increasing demand on weight and efficiency of modern combustion
engines requires light alloys with improved high temperature strength
and creep resistance. New cast AlSi alloys are developed to increase
wear resistance and long term stability of engine components. In such
materials with a composite-like micro structure high stress gradients
lead to crack formation and damage under operation conditions.

Neutron diffraction is applied for micro stress analysis after cas-
ing as well as during tensile testing between the α-Al and Si phase.
Complementary high resolution synchrotron tomography allowed 3D
imaging of damage mechanisms and crack propagation. Both methods
were combined to develop a micro-mechanical model for stress simu-
lation and to validate its reliability for engineering AlSi alloys under
reproducible boundary conditions.

MM 22.6 Tue 11:30 IFW B
In-situ Fatigue, Fracture and Dynamic Mechanical testing in
the SEM — •Douglas Stauffer, Sanjit Bhowmick, Ryan Major,
S.A. Syed Asif, and Oden Warren — Hysitron, Inc. 9625 West 76th

St. Minneapolis MN

Rapid expansion of in situ nanomechanical testing gives researchers a
means of testing and exploring fundamental deformation mechanisms.
Here, new instrumentation involving novel control algorithms to con-
trol system quality factor is described, which allows the use of dy-
namic measurements without undesirable system oscillation. These
dynamic measurements can then be used to explore frequency depen-
dency, strain rate, fatigue, and crack propagation in a variety of mate-
rials. Here, frequency dependent effects are used to explore the effect
of electron beam induced viscoplasticity in micron sized silica spheres.
When tested without the presence of an electron beam, these spheres
fracture at strains of less than 2%. However when irradiated at 20keV
and 30pA in an SEM, the spheres can be deformed to strains of more
than 50% under certain conditions. Rapid loading and high frequen-
cies, correlated with high strain rates, result in fracture at strains of
approximately 10% under e-beam irradiation. This is in contrast to
slow loading and low frequency load controlled dynamic loading, where
strains as large as 60% without fracture have been achieved.

MM 23: Electron Microscopy I - Nanomaterials

Time: Tuesday 10:15–11:30 Location: IFW D

MM 23.1 Tue 10:15 IFW D
Analytical EDX studies at different temperatures of
Boron/Ni composite nanowires — •Daniela Sudfeld, Bastian
Barton, Oleg Lourie, and Bert Freitag — FEI Electron Optics B.
V., Eindhoven, The Netherlands

Analytical EDX studies at different temperatures were performed in a
S/TEM, FEI Talos[TM] with ChemiSTEM[TM] Technology [1]. Fast
chemical maps of B/Ni composite nanowires on nanometer scale by
EDX (energy-dispersive X-ray spectroscopy) were done with the new
Velox[TM] software. Successful synthesis of crystalline nanowires com-
posed of the refractory light materials such as Boron can enable novel
applications for nanoelectronics [2-4]. Boron/Nickel composite nanos-
tructures were prepared by a CVD-based synthetic procedure with a
Ni-based compound catalyst; naturally blended with high conductiv-
ity and refraction index. The properties of this binary nanomaterial
at room temperature are compared to those achieved from heating ex-
periments with temperatures up to 1000 deg C. 2D-3D EDX chemical
mappings show clearly the core-shell structure of the wires: B in the
shell and Ni in the core. This is amplified at elevated temperatures
of ca. 500 deg C. At ca. 1,000 deg C EDX maps reveal also that Ni
vanishes from the core, leaving behind hollow B nanowire (nanotube)
structures. [1] P. Schlossmacher et al., Microscopy Today 18(4) (2010)
14. [2] CJ Otten, et al., J Am Chem Soc. 2002 May 1;124(17):4564.
[3] D. Wang et al., APL 2003, 183(25):5280. [4] W. Ding et al., Mech,
Comp. Sci. and Techn. 2006, 66:1109.

MM 23.2 Tue 10:30 IFW D
Evolution of the microstructure of amorphous FeNiP
nanowire arrays upon in-situ annealing in TEM — •Nina
Winkler, Martin Peterlechner, and Gerhard Wilde — Insti-
tute of Materials Physics, Westfälische Wilhelms-Universität Münster,
Wilhelm-Klemm Str. 10, 48149 Münster, Germany

In this work, an amorphous soft magnetic material is studied in con-
fined dimensions regarding its crystallization behavior. Therefore,
porous Anodic Alumina Oxide (AAO) is used because it enables the
control of regularity and shape of nanostructures via its pores which
are uniform in length and uniform in diameter. The fabrication of
amorphous nanowire arrays by electrodeposition using AAO will be
addressed. Upon in-situ annealing in the transmission electron micro-
scope (TEM) the microstructural evolution could be monitored. Long
range diffusion was observed following a phase separation of FeNiP in
multilayers of FeNi and FeNiP phases. The impact of heating rates on
the phase evolution is studied by controlled annealing with different
heating rates of the FeNiP nanowires in atmosphere using a Differential
Scanning Calorimeter (DSC). The magnetic properties of the nanowire
arrays have been characterized with a Vibrating Sample Magnetome-
ter (VSM). The results will be discussed with respect to the different
microstructures of the nanowire arrays caused by the different thermal
treatments.

MM 23.3 Tue 10:45 IFW D

Nucleation of embedded Pb nanoparticles in an Al(Ga) ma-
trix — •Anna Moros1, Sorin Lazar2, Harald Rösner1, Peter
Schlossmacher2, and Gerhard Wilde1 — 1Institute of Materials
Physics, Wilhelm-Klemm-Straße 10, 48149 Münster, Germany — 2FEI
Company, Achtseweg Noord 5, 5600 KA Eindhoven, The Netherlands

Undercooling of the liquid phase is often observed for most liquid pure
materials. This indicates the existence of a large energy barrier to nu-
cleate the solid phase. Heterogeneous nucleation at interfaces is gener-
ally favoured, since the nucleation barrier is reduced due to pre-existing
catalytic substrates. Confined systems such as nanometer-sized par-
ticles embedded in a matrix have large specific interface areas that
might possibly act as heterogeneous nucleation sites during solidifica-
tion upon cooling, specifically since both, Pb and AlGa crystallize in
fcc structure. In the present work, nanoscaled Pb inclusions embedded
in AlGa matrices were processed by melt spinning technique. Various
Ga quantities were alloyed into the matrix, since Ga is miscible with Al
and immiscible with Pb. By means of differential scanning calorime-
try, large undercoolings of Pb nanoparticles in (Al99-xGax)Pb1 alloys
were observed that increased with increasing amounts of Ga. At the
same time, nanoscale chemical analyses using the SuperX detector im-
plemented in a FEI Titan 60-300 microscope were performed and Ga
segregation at the interfaces of the embedded Pb nanoparticles with
AlGa-matrix was observed. In this contribution, the correlation be-
tween the segregation of Ga at the particle-matrix interface and the
resulting undercooling of the nanoscaled Pb particles will be discussed.

MM 23.4 Tue 11:00 IFW D
Characteristics of shear bands in metallic glasses investigated
by analytical TEM — •Vitalij Schmidt, Harald Rösner, Martin
Peterlechner, and Gerhard Wilde — Institut für Materialphysik,
Westfälische Wilhelms-Universität Münster, Wilhelm-Klemm-Str. 10,
48149 Münster

In metallic glasses the entire deformation flow is restricted to nar-
row regions called shear bands. They are associated with a structural
change compared to the surrounding matrix due to local distortion,
most likely resulting in enhanced free volume. Therefore deformation
properties of metallic glasses are determined by shear band character-
istics which are a current object of research.

We present investigations of shear bands with a new approach
that combines high angle annular dark-field scanning transmission
electron microscopy (HAADF-STEM) with electron energy loss spec-
troscopy (EELS) and energy dispersive x-ray (EDX) analysis. It is
thereby possible to correlate dark-field intensity and local density by
∆ρ = ISB−IM

IM
, where ∆ρ is the difference in density, ISB and IM are

the HAADF intensities of the shear band and the matrix, respectively.
Cold-rolled Al88Y7Fe5 melt-spun ribbons show shear bands having

frequent contrast changes. Density measurements approve a continu-
ous variation throughout the band*s length implying different propa-
gation velocities within the bright and dark parts.

MM 23.5 Tue 11:15 IFW D
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Density of Grain Boundaries — •Yulia Buranova, Sergiy Divin-
skiy, Harald Rösner, and Gerhard Wilde — Institut für Material-
physik, Westfälische Wilhelms-Universität Münster, Wilhelm-Klemm-
Str. 10, D-48149 Münster, Germany

In this work we present the results of atomic simulations of different
Grain Boundaries (GB) and the corresponding excess free volume de-
fined as a relative density. For this purpose, an image analysis tool
was designed that allows analyzing the local mass density on the basis
of simulated (or experimental) high-resolution transmission electron
microscopy (HRTEM) images. Thereto the intensities of the GB areas

were compared with that of the grain interiors and the difference was
identified as the density change.

In total 24 different Symmetrical Tilt GB (STGB) were simulated.
The density change in the STGB was estimated to be 5-6%. Ex-
perimentally, aluminum was investigated using HRTEM. Calculations
showed that this method works for the pure samples with thicknesses
up to 15nm including aluminum oxide layers. The correctness of
the method is evaluated for different artificial configurations includ-
ing chains of vacancies and solute atoms.The results and the method
are discussed.

MM 24: Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium
Phenomena at the Nano-scale III (O with HL/TT/MM)

Time: Tuesday 10:30–13:15 Location: TRE Ma

Topical Talk MM 24.1 Tue 10:30 TRE Ma
Ultrafast relaxation dynamics of Hubbard nanoclusters —
•Michael Bonitz1, Sebastian Hermanns1, Christopher Hinz1, and
Denis Lacroix2 — 1Institut für Theoretische Physik und Astrophysk,
CAU Kiel, Leibnizstr. 15, 24098 Kiel — 2IPN Orsay, 15 Rue Georges
Clemenceau, 91406 Orsay

With the growing availability of intense short-pulse radiation sources it
becomes possible to drive interacting many-particle or few-particle sys-
tems out of equilibrium in a controlled way. The subsequent relaxation
and equilibration dynamics is still poorly understood. From a theory
point of view these processes are complicated due to the simultane-
ous dynamics of the occupation functions and of binary correlations.
The problem becomes even more complicated when the system has
finite size and is spatially inhomogeneous [1]. The Hubbard model
is a prototype for treating correlation effects in condensed matter or
molecular systems fully including finite size and inhomogeneity effects.
We, therefore, concentrate on the relaxation dynamics of small 1D, 2D
and 3D Hubbard clusters that contain from a few to several hundred
electrons. We observe a complex multi-stage relaxation behavior that
depends on the external excitation, on the coupling strength and on the
geometry of the system. In this talk we present results from two com-
plementary theoretical approaches: first, from nonequilibrium Green
functions where we apply the Generalized Kadanoff Baym ansatz [1]
and, second, from a stochastic mean field approach.

[1] K. Balzer, and M. Bonitz, “Nonequilibrium Green’s Functions
Approach to Inhomogeneous Systems”, Lect. Notes Phys. 867 (2013)

MM 24.2 Tue 11:00 TRE Ma
Exact adiabatic approximation in TDDFT — •Jeiran Jokar
and Nicole Helbig — Peter Grünberg Institut and Institute for
Advanced Simulation, Forschungszentrum Jülich and JARA, 52425
Jülich, Germany

The use of functionals from static density functional theory in an adi-
abatic way in a time-dependent framework is known to cause various
problems due to the resulting exchange-correlation kernel being fre-
quency independent. In order to isolate the effects which are due to
the adiabatic approximation we calculate the exact static potential for
two electron systems. Before using this potential in an adiabatic way
in a time propagation we need to ensure that the potential is well de-
fined also at those parts of space where the density is small as they
might become more populated at a later time. We use the exact adi-
abatic approximation to describe Rabi oscillations, i.e. the oscillation
between the ground state and an excited state when a monochromatic
laser with a frequency close to the resonance is applied.

MM 24.3 Tue 11:15 TRE Ma
Real-time propagation of coupled Maxwell-Schrödinger
and time-dependent Kohn-Sham-Maxwell systems — •René
Jestädt1, Heiko Appel1, and Angel Rubio1,2 — 1Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Berlin, Germany — 2NanoBio
Spectroscopy group and ETSF, Universidad del Páıs Vasco, San Se-
bastián, Spain

Based on the Riemann-Silberstein vector of the electromagnetic field,
we formulate Maxwell’s equations in a symplectic spinor representa-
tion similar to the Dirac equation. This spinor representation allows
us to use standard unitary propagation techniques developed for the
Schrödinger equation [1] also for Maxwell’s equations and simplifies
a coupled solution of Maxwell’s and Schrödinger’s equations. To il-

lustrate our approach, we present the real-time evolution of atomic
systems embedded in optical waveguides and dielectric nanostruc-
tures. The coupling of Maxwell’s equations to the time-dependent
Kohn-Sham equations is a basic ingredient for the development of a
time-dependent density functional theory formulation of quantum elec-
trodynamics [2]. As an extension of our work on coupled Maxwell-
Schrödinger systems, we show first steps of an implementation of
Maxwell’s equations coupled to the time-dependent Kohn-Sham equa-
tions in the first principles real-space real-time code octopus [3].
[1] A. Castro et al., J. Chem. Phys. 121 (2004).
[2] M. Ruggenthaler, F. Mackenroth, and D. Bauer, Phys. Rev. A 84,
042107 (2011); I. Tolkatly, Phys. Rev. Lett. 110, 233001 (2013).
[3] X. Andrade et al., J. Phys. Cond. Mat. 24 (2012).

MM 24.4 Tue 11:30 TRE Ma
Nonlinear optics by means of the dynamical Berry phase:
Application to second- and third-harmonic generation —
•Claudio Attaccalite1 and Myrta Gruning2 — 1Univ. Greno-
ble Alpes/CNRS, Institut Neel, F-38042 Grenoble, France — 2School
of Mathematics and Physics, Queen’s University Belfast, Belfast BT7
1NN, Northern Ireland, UK

We present an real-time approach to study nonlinear optical properties
in Condensed Matter systems that is especially suitable for crystalline
solids. The equation of motions and the coupling of the electrons with
the external electric field are derived from the Berry phase formulation
of the dynamical polarization. Many-body effects are introduced by
adding single-particle operators to the independent-particle Hamilto-
nian. Specifically we include crystal local field effects, renormalization
of the energy levels and excitonic effects. The approach is validated
by calculating the second and third harmonic generation of bulk semi-
conductors. Finally we present second-harmonic generation spectrum
of h-BN or MoS2 monolayers and show that correlation effects dou-
ble the signal intensity at the excitonic resonances with respect to the
contribution from independent electronic transitions.

References: [1] Nonlinear optics from ab-initio by means of the dy-
namical Berry-phase http://arxiv.org/abs/1309.4012 [2] Second Har-
monic Generation in h-BN and MoS2 monolayers: the role of electron-
hole interaction http://arxiv.org/abs/1310.7459

15 min. break

MM 24.5 Tue 12:00 TRE Ma
Accurate Correlation Energies from Adiabatic Time-
Dependent Density Functional Theory with Renormalized
Kernels — •Thomas Olsen1 and Kristian S. Thygesen2 —
1Universidad del Pais Vasco — 2Center for Atomic-scale Materials
Design (CAMD), Technical University of Denmark

We demonstrate the accuracy of electronic correlation energies ob-
tained from the adiabatic connection and Time-Dependent Den-
sity Functional Theory (TDDFT) using a non-empirical renormal-
ized gradient-corrected exchange-correlation kernel. The method can
be viewed as a natural step beyond the Random Phase Approxima-
tion (RPA) and captures the short-range correlation effects which are
poorly described in RPA. In particular, we show that for molecules
and solids the renormalized kernel gives a four and five fold improve-
ment in binding energies respectively when compared to RPA. We also
consider examples of barrier heights in chemical reactions, molecular
adsorption and graphene interacting with metal surfaces, which are



Metal and Material Physics Division (MM) Tuesday

three examples where RPA has provided highly accurate results. In
these cases, our novel kernel provides results that are of equal quality
or even slightly better than RPA, with a similar computational cost.
We finally note that the renormalization procedure can be applied to
any known semi-local exchange-correlation functional and thus defines
an entire new class of adiabatic non-local functionals for ground state
calculations within TDDFT.

MM 24.6 Tue 12:15 TRE Ma
Low scaling algorithm for the random phase approximation
— •Merzuk Kaltak, Jiri Klimeš, and Georg Kresse — University
of Vienna, Computational Material Physics

The computationally most expensive step in conventional RPA imple-
mentations is the calculation of the independent particle polarizability
χ. We present an RPA algorithm that calculates χ using the Green
function G in real space and imaginary time. The systematic con-
struction of optimized time and frequency grids for G is obtained by
means of solving a fitting problem. Furthermore a non-uniform dis-
crete Fourier transform between the two grids is introduced, which
converges exponentially. We show that the usage of the Green func-
tion approach in combination with the optimized grids can be used for
the calculation of the RPA correlation energy for large systems.

MM 24.7 Tue 12:30 TRE Ma
Long range correlation energy from coupled atomic response
functions — •Alberto Ambrosetti and Alexandre Tkatchenko
— Fritz Haber Institut der MPG, Faradayweg 4-6 14195 Berlin, Ger-
many

Electron correlation is an elusive and ubiquitous energy contribution
that arises from transient collective electron fluctuations. Its reliable
(accurate and efficient) modeling is central to the correct descrip-
tion of cohesive, structural, and response properties of molecules and
solids. In this regard, the main challenge is to model the long-range
correlation energy beyond (semi-)local density-functional approxima-
tions. Here we propose a very efficient method to compute the long-
range correlation energy for non-metallic molecules and solids within
a density functional theory framework, by using coupled atomic re-
sponse functions (ARF). Extending the recent MBD method [1], we
separate the coupling between ARFs into short and long range, al-
lowing for a seamless many-body treatment of weakly and strongly
polarizable systems. Thorough benchmarking on large data sets in-
cluding small molecules (S22, S66x8), large supramolecular complexes
(S12L), molecular crystals (X23) and bulk graphite shows consistently
good agreement with high level theoretical and experimental reference
binding energies (within the order of 6%). The uniform accuracy for
molecules and solids represents a strong validation of our method, and
further confirms the importance of modeling the truly collective nature
of the long-range correlation energy. [1] A. Tkatchenko et al. PRL 108
236402 (2012).

MM 24.8 Tue 12:45 TRE Ma
The exact Hohenberg-Kohn functional for a lattice model —

•Tanja Dimitrov1, Heiko Appel1, and Angel Rubio1,2 — 1Fritz-
Haber-Institut der MPG, Berlin, Germany — 2NanoBio Spectroscopy
group and ETSF, Universidad del Páıs Vasco, San Sebastián, Spain

Standard local exchange-correlation and semi-local functionals in
ground-state density functional theory are known for their short-
comings in describing correct charge transfer, dissociation energies of
molecular ions, and barriers of chemical reactions [1,2]. To understand
the failures of approximate functionals and to gain insight into the
behavior of the exact functional, we investigate the exact solution of
the many-body Schrödinger equation for a lattice model. Using exact
diagonalization, we explicitely construct the exact Hohenberg-Kohn
functional and the mapping from densities to wavefunctions. Besides
the normal inter-system derivative discontinuity widely discussed in
the density-functional theory community, we observe a new feature
of the exact functional in the low-density limit. This ”intra-system
derivative discontinuity” resembles the inter-system derivative discon-
tinuity, but is within the system (work in progress [3]). The description
of many physical phenomena linked to charge-transfer processes (both
in the static and dynamical regimes) require a proper account of this
”intra-system derivative discontinuity”.

[1] A. J. Cohen et al. Science 321, 792 (2008).
[2] P. Mori-Sanchez et al., Phys. Rev. Lett. 100, 146401 (2008).
[3] T. Dimitrov, H. Appel, A. Rubio to be published

MM 24.9 Tue 13:00 TRE Ma
Incorporating static correlation effects into density functional
theory — Nektarios N. Lathiotakis1, •Nicole Helbig2, Nikitas
I. Gidopoulos3, and Angel Rubio4,5 — 1Theoretical and Physical
Chemistry Institute, NHRF Athens, Greece — 2Peter-Grünberg Insti-
tut, Forschungszentrum Jülich, Germany — 3Department of Physics,
Durham University, United Kingdom — 4Nano-Bio Spectroscopy
group, Universidad del Pais Vasco and DIPC, San Sebastian, Spain —
5Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

We present a novel idea that builds on the knowledge acquired in
Reduced density matrix functional theory (RDMFT) to construct a
density-functional scheme which accurately incorporates static and
left-right correlation effects. At the same time, the new scheme pre-
serves the high quality of a density functional description at the equilib-
rium and keeps the computational costs at an acceptable level compa-
rable to the costs when using hybrid functionals. Within this scheme
the natural orbitals, i.e. the eigenfunctions of the one-body density
matrix, are constrained to be solutions of a single-particle Schrödinger
equation with a local effective potential. This provides a natural way
to connect an energy eigenvalue spectrum to the natural orbitals. This
energy spectrum is found to reproduce the ionization potentials of dif-
ferent atoms and molecules very well. In addition, the dissociation
limit of diatomic molecules is well described without the need to break
any spin symmetry, i.e. this attractive feature of RDMFT is preserved.
The present scheme can be easily implemented in all first principles
codes for electronic structure calculations.

MM 25: Topical Session: Thermodynamics at the nano scale II - Thermodynamics

Time: Tuesday 11:45–13:00 Location: BAR 205

Topical Talk MM 25.1 Tue 11:45 BAR 205
Metal-hydrogen (M-H) systems: a tool for studying changes
of thermodynamics and kinetics due to size reduction —
•Astrid Pundt — Institut für Materialphysik, Universität Göttingen,
Göttingen, Germany

Hydrogen easily solves on interstitial lattice sites in metals. Its high
diffusivity results in short alloying times even at room temperature.
At 300 K, the intrinsic defect density and the sample shape remains
rather stable. This enables us to study thermodynamical and kinetical
changes related to size reduction of the metal.

Many size-related effects have been reported during the last years.
They are often generated by a mixture of effects due to sample size,
micro-structure and mechanical stress contributions.[1] Challenge here
is to split those effects related to the size reduction (finite-size ef-
fects) from those related to micro-structural changes and the mechan-
ical stress that arises between the sample and the required stabilizer.
For this, M-H thin films and M-H clusters serve as model systems. It

will be shown that for systems of about 30 nm and larger the classi-
cal thermodynamics holds and conventional stress release occurs while
for smaller system sizes coherent thermodynamics comes into play and
ultra-high stresses are found.

Financial support by the DFG is gratefully acknowledged.
[1] A. Pundt, R. Kirchheim, Ann. Rev. Mat. Res. 36 (2006) 555.

MM 25.2 Tue 12:15 BAR 205
Ab initio study of AlN: thermodynamic properties, phase dia-
gram and high temperature rock salt to wurtzite phase tran-
sition — •Steve Schmerler and Jens Kortus — TU Bergakademie
Freiberg, Institut für Theoretische Physik, Leipziger Str. 23, 09599
Freiberg, Germany

We review our recent work [1] on AlN regarding the wurtzite – rock salt
phase boundary calculated within the quasiharmonic approximation
by using density functional perturbation theory. We discuss exchange-
correlation functional effects on the phase boundary and other ther-
modynamic properties. Additionally, we present ab initio molecular
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dynamics results regarding a temperature-driven rock salt to wurtzite
backward phase transition and propose a detailed transition mecha-
nism.

We would like to thank the DFG for financial support within
the DFG Priority Program 1236: Strukturen und Eigenschaften von
Kristallen bei extrem hohen Drücken und Temperaturen

[1] M. Schwarz, M. Antlauf, S. Schmerler, K. Keller, T. Schlothauer,
J. Kortus, G. Heide and E. Kroke, High Pressure Res. (2013),
dx.doi.org/10.1080/08957959.2013.857020

MM 25.3 Tue 12:30 BAR 205
Concept of multicomponent alloying based on self-
organization on the nanoscale. — •Igor A. Abrikosov — IFM,
Linköping University, Sweden

We propose a design route for the next generation of nitride alloys
via a concept of multicomponent alloying based on self-organization
on the nanoscale via a formation of metastable intermediate products
during the spinodal decomposition. Experimentally the formation of
detrimental wurtzite AlN phase has been identified as a major fac-
tor limiting the thermal stability of the state-of-the-art (TiAl)N alloys
used in modern hard coating applications. We carry out systematic
first-principles calculations aimed at finding potential new multicom-
ponent transition-metal aluminum nitride alloys, and identify Cr as
one of the most promising alloying elements. We predict theoretically
and demonstrate experimentally that quasi-ternary (TiCrAl)N alloys
decompose spinodally into (TiCr)N and (CrAl)N-rich nanometer sized
regions. The spinodal decomposition results in age hardening, while

the presence of Cr within the AlN phase delays the formation of a
detrimental wurtzite phase leading to a substantial improvement of
thermal stability compared to the quasi-binary (TiAl)N or (CrAl)N
alloys [1].

[1] H. Lind, R. Forsen, B. Alling, N. Ghafoor, F. Tasnadi, M. P. Jo-
hansson, I. A. Abrikosov, and M. Oden, Appl. Phys. Lett. 99, 091903
(2011); H Lind, F Tasnadi and I A Abrikosov, New J. Phys. 15 095010
(2013)

MM 25.4 Tue 12:45 BAR 205
Reversible Phase transition of Li13Si4 — •Thomas Gruber and
Jens Kortus — TU Bergakademie Freiberg, Institute for Theoretical
Physics, Leipziger Str. 23, 09596 Freiberg, Germany

LixSi seems to be a promising new anode material for lithium ion bat-
teries. For any proper application the calculation of thermodynamical
data like the specific heat is required to understand the behavior of
this material. There are several crystalline phase of the lithium-silicon
system known and the Li13Si4 phase is somehow special. The phonon
calculation reveal some imaginary frequencies and our evolutionary
algorithm “EVO” [1] found a new similar structure. Nudged Elastic
Band (NEB) method and molecular dynamic (MD) calculations were
used to get a deeper insight into the phase transition between these
two structures with a very low activation barrier. A very fast 1 dimen-
sional lithium diffusion has been observed, which is very important for
electrode material.

[1] S. Bahmann, J. Kortus, Computer Physics Communications 2013,
184, 1618-1625.

MM 26: Computational Materials Modelling IV - Phase transitions II

Time: Tuesday 11:45–13:00 Location: IFW D

MM 26.1 Tue 11:45 IFW D
Study of the austenite-martensite phase transition in steel us-
ing molecular dynamics — •Emilia Sak-Saracino and Herbert
M. Urbassek — Physics Department and Research Center OPTIMAS,
University Kaiserslautern, Erwin-Schrödinger-Straße, D-67663 Kaiser-
slautern

Using molecular-dynamics simulation, we study the austenite-
martensite phase transition in various iron alloys. In these, we consider
a dilute mixture of the alloying element (C, Ni or Cu) up to 1 at-%.
The specimens are subjected to a heating/cooling cycle. The phase
transition can be observed by monitoring the hysteresis of the system
volume with temperature. For the alloying elements studied, we find
that martensite and austenite temperatures decrease with increasing
concentration, in agreement with experiment.

MM 26.2 Tue 12:00 IFW D
Atomistic simulations of solid-solid phase transformations
in molybdenum — •Ari Harjunmaa1, Jutta Rogal1, Ralf
Drautz1, Rye Terrell2, Sam Chill2, and Graeme Henkelman2

— 1ICAMS, Ruhr-Universität Bochum, 44780 Bochum, Germany —
2Department of Chemistry and the Institute for Computational and
Engineering Sciences, University of Texas at Austin, Austin, Texas
78712, USA

As a refractory metal, molybdenum plays an important role in
strengthening special-purpose materials such as Ni-base superalloys.
In heavy usage, these materials are frequently plagued by the forma-
tion of topologically close-packed (TCP) phases, which concentrate the
alloying atoms into brittle precipitates, rendering the material weaker.
To find a way to prevent this detrimental occurrence, it is important to
understand the atomistic processes at work in solid-solid phase trans-
formations leading to the formation of TCP phases. As a first step, we
investigate interfaces between the TCP A15 and the cubic BCC phases
in molybdenum, using classical molecular dynamics to model the time
evolution of the systems in question. We then compare and expand
these results with those obtained from adaptive kinetic Monte Carlo
simulations, extending the same system setup to room temperature;
furthermore, we use this latter method to characterize singular pro-
cesses involved in the transformation of the atomic layers. Finally, we
evaluate the reliability of the employed empirical potential by further
analysis of the main results using density functional theory.

MM 26.3 Tue 12:15 IFW D

Importance of anharmonic free energy contributions in an
ab initio description of the hcp to bcc transition in Ti —
•Dominique Korbmacher, Albert Glensk, Blazej Grabowski,
Tilmann Hickel, and Jörg Neugebauer — Max-Planck-Institut für
Eisenforschung, Düsseldorf, Germany

Ti and its alloys are a very important class of materials with various
technical and medical applications. Further optimizing the properties
of these alloys requires accurate and reliable phase diagrams. A recent
and very promising approach is the construction of phase diagrams
based on finite temperature ab initio simulations [1]. However, a criti-
cal and so far unresolved difficulty when dealing with Ti based systems
is the dynamical instability of the Ti bcc phase at T=0 K.

In the present study, we investigate the hcp to bcc phase transi-
tion in Ti including the anharmonic contribution on a fully ab initio
basis (density-functional theory). To overcome the long CPU simu-
lation times typically involved in calculating anharmonicity, we use
here the recently developed UP-TILD method [1]. We show that the
low temperature hcp phase is well described when comparing with ex-
perimental data (e.g., heat capacity). For the high temperature bcc
phase the dynamical stabilization due to phonon-phonon interaction
is correctly predicted, but we show that the commonly used exchange-
correlation functional (GGA-PBE) yields a too soft expansion and a
too low phase transition temperature. We discuss whether alternative
xc-functionals can improve the situation.

[1] B. Grabowski, et al., PRB 79, 134106 (2009).

MM 26.4 Tue 12:30 IFW D
Simulating Order Parameters for Phase Transitions in Al-
loys — •Conrad W. Rosenbrock, Gus L. W. Hart, Branton J.
Campbell, and Richard R. Vanfleet — Brigham Young University,
Provo, UT, 84602, USA

When determining the structure of alloys using diffraction patterns,
possible distortions that lower the symmetry of the parent phase can
be limited by group-theoretical arguments as long as a group-subgroup
relationship exists between the parent and distorted phases1. Order
parameters are vectors in representation space where each dimension
corresponds to a specific superlattice vector in reciprocal space (e.g.
L = [0.5,0.5,0.5] or X=[1,0,0]); such order parameters determine the
distortions that may arise during a phase transition. By measuring
the Fourier transform of the structure at each relevant superlattice
vector during a Monte Carlo simulation for CuPt3, we were able to ex-
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tract these thermodynamic order parameters and qualitatively confirm
distortions in the L and X order parameters observed in experiment2.
The methodology presents a highly effective avenue for comparing sim-
ulated phase transitions with experimental results.

[1] Harold T. Stokes, Branton J. Campbell and Dorian M. Hatch.
Order parameters for phase transitions to structures with one-
dimensional incommensurate modulations
[2] Rokuro Miida and Denjiro Watanabe. Electron Microscope and
Diffraction Study on the Ordered Structures of Platinum-Rich Copper-
Platinum Alloys

MM 26.5 Tue 12:45 IFW D
Phase-field simulation of the peritectic reaction in Al-Cu-Ni

alloys — •Julia Kundin, Heike Emmerich, and Evgeny Pogorelov
— University Bayreuth

The simulations of the solidification of ternary Al-Cu-Ni alloys were
carried out by means of a general multi- phase-field model for an ar-
bitrary number of phases. A realistic microstructure can be generated
by coupling the real thermodynamic parameters of the phases and the
evolution equations. The stability requirements for the model func-
tions on every dual interface guarantee the absence of ”ghost” phases
on them. The thermal noise terms disturb the stability and can pro-
duce the heterogeneous nucleation of product phases in accordance to
the energetic conditions. It is shown that the model can produce the
growth of the combined eutectic-like and peritectic-like structure in
various alloys. Of particular interest is the heterogeneous nucleation
of the fourth phase in triple points.

MM 27: Transport I - Materials/Methods

Time: Tuesday 11:45–13:00 Location: IFW B

MM 27.1 Tue 11:45 IFW B
Studying spatially resolved atomic diffusion processes us-
ing X-rays - atomic-scale X-ray photon correlation spec-
troscopy and its application to metallic alloys — •Markus
Stana1, Michael Leintner2, Manuel Ross1, and Bogdan Sepiol1

— 1Universität Wien, Fakultät für Physik, Boltzmanngasse 5, 1090
Wien, Austria — 2Technische Universität München, Forschungs-
Neutronenquelle Heinz Maier-Leibnitz (FRM II), 85747 Garching, Ger-
many

In the recent years our group succeeded in studying spatially resolved
diffusion processes on the atomic scale by extending X-ray photon cor-
relation spectroscopy (XPCS) to large scattering angles. In my talk I
will give an overview of this new technique and present the results we
achieved for binary metallic systems. Special attention will be given
to solid solutions (Ni-Pt) and intermetalic phases like B2 (Fe-Al) and
L12 (Cu-Au, Ni-Pt). I will conclude by briefly showing that this tech-
nique can also shed light on atomic motion in noncrystalline systems
like glasses.

This work was financially supported by the Austrian Science Fund
(FWF) P-22402.

MM 27.2 Tue 12:00 IFW B
Diffusion of Atoms and Vacancies in Thin Nano Crys-
talline Platinum Films — •Wolfgang Gruber1, Johanna Rahn1,
Florian Strauss1, Lars Dörrer1, Erwin Hüger1, Michael
Horisberger2, Thomas Geue2, Jochen Stahn2, Carsten Bähtz3,
Wolfram Leitenberger4, and Harald Schmidt1 — 1TU Clausthal
— 2Paul Scherrer Institut — 3Helmholtz-Zentrum Dresden-Rossendorf
— 4Universität Potsdam

An important characteristic of thin metal films deposited on substrates
is the presence of a high number of defects in the metal film which is
correlated to residual stress and strain. During heat treatment strain
in the metal films relaxes. The relative changes of the film thickness
and the interplanar distance are correlated to the change of the defect
concentration during relaxation. In-situ X-ray diffraction and X-ray
reflectometry using synchrotron radiation revealed that strain relax-
ation is accompanied by an increase of the vacancy concentration at
the surface of the film [1]. In this work we present experimental re-
sults supporting the stress relaxation model outlined in [1]. To clarify
the rate determining process for strain relaxation, grain boundary and
volume self-diffusion of platinum is investigated. Samples enriched in
the stable isotope 194Pt as tracer source were prepared and used for
analysis with secondary ion mass spectrometry and neutron reflectom-
etry. [1] W. Gruber, S. Chakravarty, C. Baehtz, W. Leitenberger, M.
Bruns, A. Kobler, C. Kübel, H. Schmidt, Phys. Rev. Lett. 117 (2011)
265501.

MM 27.3 Tue 12:15 IFW B
Conductance through itinerant geometrically frustrated elec-
tronic systems — •Alexandre Lopes1, Bruno António2, and Ri-
cardo Dias2 — 1Institute of Physics, University of Freiburg, Herman-
Herder-Straße 3, 79104 Freiburg, Germany — 2Universidade de Aveiro,
I3N, Campus Universitário de Santiago, Aveiro, Portugal

We study a two terminal electronic conductance through an AB2 ring
which is an example of the family of itinerant geometrically frustrated

electronic systems. These systems are characterized by the existence
of localized states with nodes in the probability density. We show
that such states lead to distinct features in the conductance. For zero
magnetic flux, the localized states act as a filter of the zero frequency
conductance peak, if the contact sites have hopping probability to sites
which are not nodes of the localized states. For finite flux, and in a
chosen orthonormal basis, the localized states have extensions ranging
from two unit cells to the complete ring, except for very particular val-
ues of magnetic flux. The conductance exhibits a zero frequency peak
with a dip which is a distinct fingerprint of the variable extension of
these localized states.

MM 27.4 Tue 12:30 IFW B
Conductivity and Dielectric Properties of LixNa2−xTi6O13

(x = 0...2) — •Kai Volgmann and Paul Heitjans — Leibniz Univer-
sität Hannover, Inst. f. Phys. Chemie u. Elektrochemie, Callinstraße
3 - 3a, D-30167 Hannover

Titanate systems attract much attention as anode material for sec-
ondary Li ion batteries due to advantages compared to graphite. TiO2

is a prominent example within the system Li2O - TiO2. In the present
work, LixNa2−xTi6O13 (space group C2/m) has been chosen as a
model system because of its channel-like crystal structure. The al-
kali atoms are solely located inside the channels. The samples with
different Li/Na ratios were characterized by powder x-ray diffraction
and inductively coupled plasma optical emission spectroscopy (ICP-
OES). Impedance spectroscopy measurements were performed over a
wide temperature range (200-1000 K). Thin films of graphite or Pt
were used as electrodes. The frequency dependent conductivity data
yielded activation energies EA which partly depend on the Li/Na ra-
tio. Whereas EA values calculated from the DC plateau are essentially
independent of x, the AC contribution has a maximum EA value for
x = 0.33. Cole-Cole plots of the complex impedance show a depressed
semicircle. Thus no separation of bulk and grain boundary contribu-
tions is visible. Plotting the complex modulus vs. frequency shows
different relaxation modes corresponding to different bulk processes.
Comparison of the various representations gives information on the
diffusivity of the alkali ions on macroscopic and microscopic scales.

MM 27.5 Tue 12:45 IFW B
Short Range Silicon Migration in Amorphous Silicon Ob-
served by Neutron Reflectometry — •Florian Strauß1, Har-
ald Schmidt1, Jochen Stahn2, and Thomas Geue2 — 1TU
Clausthal, AG Mikrokinetik, Institut für Metallurgie, Deutschland —
2Paul Scherrer Institut, Villigen, Schweiz

Amorphous silicon (a-Si) is a simple model system of covalent amor-
phous semiconductors, widely used in solar cells and flat screen dis-
plays and a promising electrode material in Li-ion batteries. Yet,
there exist no experimental data on self-diffusion in the amorphous
state. The expected low diffusivities and intrinsic metastability of a-Si
require measurement by time-of-flight neutron reflectometry (NR), a
method capable of determining diffusion lengths of 1 nm and below
[1,2]. 29Si/28Si isotope multilayers are prepared by ion beam sputter-
ing and thermally treated in Ar atmosphere at temperatures below the
crystallisation temperature in order to induce interdiffusion. The sam-
ples are isotope modulated but amorphous and chemically homogenous
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as shown by TEM and XRD. Previous measurements have pointed to
an onset of movement above 350 ◦C and short range atomic diffusion
processes on the length scale of 1.5 - 2 nm. New data from NR and
SIMS are discussed, focussing on time dependent diffusion processes
and long range motion at temperatures between 400 ◦C and 600 ◦C.

The influence of impurities on diffusion and structure is also part of
the on-going investigation.

[1] H. Schmidt et al.; Acta Mater. 56 (2008), 464
[2] E. Hüger et al., Appl. Phys. Lett. 93 (2008), 162104

MM 28: Nanomaterials I - Synthesis of advanced nanostructures

Time: Tuesday 12:00–13:15 Location: IFW A

MM 28.1 Tue 12:00 IFW A
An apparatus for the synthesis of cluster-based materials —
•Arne Fischer, Robert Kruk, and Horst Hahn — Karlsruher In-
stitut für Technologie, Institut für Nanotechnologie, 76344 Eggenstein-
Leopoldshafen, Germany

A cluster deposition system for the synthesis of materials composed of
mass-selected clusters embedded in various matrices as well as cluster-
decorated surfaces was constructed and first deposition experiments
were performed.

The system covers a large range of cluster sizes from single atoms
up to clusters consisting of several thousands of atoms and provides a
cluster beam with a narrow size distribution. Offering the ability to
co-deposit matrix materials and mass selected clusters in well-defined
ratios the system allows for studying material properties as a function
of cluster size and density in the matrix. Hence this approach can open
pathways to a new class of materials with tailored electronic, magnetic
or catalytic properties.

In recent experiments the exchange bias was studied in thin films
composed of ferromagnetic clusters and antiferromagnetic matrix ma-
terials.

MM 28.2 Tue 12:15 IFW A
Micro and nano-scale magnetic structures created by elec-
tron beam induced deposition — Johannes J.L. Mulders and
•Daniela Sudfeld — FEI Electron Optics B. V., Eindhoven, The
Netherlands

Electron beam induced deposition is a direct write patterning tech-
nique, using the electron beam of a scanning electron microscope
(SEM) to locally dissociate injected precursor molecules adhered to a
surface[1]. This dissociation results in a split of the precursor molecule
into a volatile part (such as Fe) and a non-volatile part (such as CO),
that is pumped out. The non-volatile part forms a deposit at the lo-
cation of the electron beam and because the lateral patterning is done
with nano-scale accuracy and the vertical growth is controlled by the
dwell time, the technique offers a direct write patterning capability
in 3 dimensions. Recently the material quality of the actual depo-
sition of magnetic materials such as Co and Fe, has reached a level
allowing for the creation of nano-scale magnetic structures that can
be used for domain wall pinning, Hall sensors, and tips for magnetic
force microscopy (MFM). The current status of the technology will be
presented, including the practical limits and recent examples. In addi-
tion results using Co and Fe precursors, as well as a brief outlook into
the near future will be presented. [1] Botman A., Mulders JJL, Hagen
CW, Nanotechnology 20 (2009) 372001

MM 28.3 Tue 12:30 IFW A
Optical printing of gold nano resonators — •Andreas Graw,
Spas Nedev, Theobald Lohmüller, and Jochen Feldmann — Pho-
tonics and Optoelectronics Group, Physics Department and CeNS,
Ludwig-Maximilians-Universität München, Amalienstrasse 54, 80799
München, Germany

Plasmonic coupling between two closely apposed gold nanoparticles
leads to a strong enhancement of the electromagnetic field in the
nanoparticle gap. Such strongly coupled nanostructures, or plas-
monic nanoantennas, offer outstanding capabilities for label-free sens-

ing, spectroscopy, and optical manipulation at the nanoscale [1].
However, the exact positioning of individual nanoparticles right next

to each other is challenging and requires high-end nanofabrication
methods such as eBeam lithography or manipulation with an AFM tip.
Here, we introduce an all optical approach to pattern gold nanopar-
ticles with nanoscale accuracy by optical forces [2]. In this context,
we will demonstrate how individual gold particles can be printed on a
glass substrate with light and discuss strategies to apply this approach
for the fabrication of plasmonic nanoantennas.

[1] Ringler, M.; Nano Lett. 2008, 8(2), 485-490
[2] Urban, A; Nano Lett. 2010, 10(12), 4794-4798

MM 28.4 Tue 12:45 IFW A
Multiple scribing via diffusion-assisted direct laser writing
— •Ioanna Sakellari1, Jae-Hyuck Yoo2, David Gray3, Maria
Vamvakaki3, Nikita Bityurin4, Alexander Pikulin4, Costas
Grigoropoulos2, and Maria Farsari3 — 1Univercity of Stuttgart,
Stuttgart, Germany — 2Univercity of California, Berkeley, USA —
3Institute of Electronic Structure and Laser, Heraklion, Greece —
4Russian Academy of Sciences, Nizhnii Novgorod, Russia

Direct Laser Writing by Two-Photon Polymerization is a versatile tech-
nique for the creation of solid 3D polymer nanostructures for pho-
tonics, biomedical and microfluidic applications. By employing laser
intensities that are only slightly above the nonlinear polymerization
threshold, structures with resolution of 100nm can be fabricated. In
this work, we report our recent results on resolution improvement of
DLW by exploiting the diffusion of a mobile quenching molecule in the
scanned area. By employing a multiple scribing method, we exploit
the resulted depletion of the multi-photon generated radicals in be-
tween the scans allowing the fabrication of high resolution structures.
The material used is an organic-inorganic hybrid composite containing
a zirconium based hybrid, while the quencher used is also a photo-
polymerizable monomer that becomes part of the polymer backbone
upon fabrication. 3D woodpile structures with lateral spatial reso-
lution of 70nm and rod spacing of 300nm are successfully fabricated.
Optical characterization of the fabricated structures clearly shows that
they exhibit stop gaps down to visible wavelengths, while well-ordered
diffraction patterns obtained reveal high quality samples.

MM 28.5 Tue 13:00 IFW A
Thermal Curing of Polymers at the Nanoscale by Op-
tothermal Manipulation of Gold Nanoparticles — •Jakob
Lenz, Christoph Maier, Michael Fedoruk, Theo Lohmüller, and
Jochen Feldmann — Photonics and Optoelectronics Group, Ludwig-
Maximilians-Universität München, Amalienstraße 54, München

Light absorbed by small gold nanoparticles is very efficiently converted
into heat on a picosecond timescale. Single particles can thus be used
as a heat source on a very confined, nanoscopic area. Here we demon-
strate how these properties can be utilized to trigger and control the
heat induced polymerization reaction of thermosetting polymers at the
nanoscale and show how this approach can be applied to fabricate poly-
mer nanostructures such as particles and nanowires with a resolution
well below the diffraction limit. Overall, this approach represents a
new way of controlling polymerization reactions at the nanoscale by
taking advantage of plasmonic heating.
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MM 29: Invited Talk (Hauptvortrag) Divinski

Time: Tuesday 15:00–15:30 Location: BAR 205

Invited Talk MM 29.1 Tue 15:00 BAR 205
Grain boundaries in metals: phase and structure transitions
studied by tracer diffusion — •Sergiy Divinski — Institut für
Materialphysik, Universität Münster

Recent advances in measurement techniques have allowed extending
the radiotracer experiments on grain boundary diffusion of solutes in
bicrystals to substantially lower temperatures. As a result, the data
on grain boundary diffusion coefficients and those of the product of
the solute segregation and the grain boundary width were indepen-
dently evaluated and compared with the polycrystalline data [1]. The
segregation of Ag at Cu Σ5 and Σ17 grain boundaries is found to be
significantly stronger as compared to that at general high-angle grain
boundaries as they are present in annealed polycrystalline copper. The

grain boundary diffusion data predict a structural transition in the Σ5
grain boundary at a temperature of about 850 K what was recently
confirmed by dedicated MD simulations [2]. Strong solute segregation
could induce grain boundary phase transitions, too. An abrupt in-
crease of the grain boundary diffusivity was observed in a two-phase
(solid+liquid) region of the Cu-Bi phase diagram [3]. Such diffusion
enhancement exists even in a single phase (solid solution in Cu) region
manifesting the existence of a pre-wetting GB phase transition in this
system. These and other findings with respect to short-circuit diffusion
in bi- and tri-crystals are reviewed and critically discussed.

[1] S.V. Divinski, et al. Phys Rev B 85 (2012) 144104.
[2] T. Frolov, et al. Phys Rev Lett 110 (2013) 255502.
[3] S.V. Divinski, et al. Phys Rev B 71 (2005) 104.

MM 30: Topical Session: Thermodynamics at the nano scale III - Novel experimental and
theoretical approaches

Time: Tuesday 15:45–17:45 Location: BAR 205

MM 30.1 Tue 15:45 BAR 205
Efficient evaluation of thermoelectric and electronic trans-
port properties in a maximally-localized Wannier-function
basis using the BoltzWann code — •Giovanni Pizzi1, Dmitri
Volja2, Boris Kozinsky3, Marco Fornari4, and Nicola Marzari1

— 1Theory and Simulation of Materials, EPFL (CH) — 2Department
of Materials Science and Engineering, MIT (USA) — 3Robert Bosch
LCC Research and Technology Center, Cambridge (USA) — 4Dept.
of Physics, Central Michigan University (USA)

The calculation of thermoelectric and electronic transport properties
of extended systems requires extremely dense Brillouin-zone samplings
together with the evaluation of band derivatives, that are however
difficult to converge using standard finite-difference methods in sys-
tems where band crossings are present. We address both issues in our
BoltzWann code [1] by adopting a maximally-localized Wannier func-
tion basis set. This allows both to interpolate the bands with very high
accuracy thanks to the strong localization of the Wannier functions,
and to calculate band derivatives analytically giving precise results also
in the case of band crossings. BoltzWann then solves the semiclas-
sical Boltzmann transport equations in the constant relaxation-time
approximation to obtain transport properties (conductivities, Seebeck
coefficient). We apply the code to some relevant systems like the CoSb3

and CoGe3/2S3/2 skutterudites. BoltzWann is freely distributed as
a module within the Wannier90 2.0 code [2].

[1] G. Pizzi et al., Comp. Phys. Comm. 185, 422 (2014)
[2] www.wannier.org

MM 30.2 Tue 16:00 BAR 205
Gaussian Approximation Potential: an interatomic potential
derived from first principles Quantum Mechanics — •Albert
Bartók-Pártay and Gábor Csányi — Department of Engineering,
University of Cambridge, Trumpington Street, CB21PZ, Cambridge,
UK

We present a method that allows the exploration of the DFT Born-
Oppenheimer potential energy surface by interpolating between pre-
computed values at a set of points in atomic configuration space. The
resulting model does not have a fixed functional form and hence is
capable of modelling complex potential energy landscapes. In order to
achieve this, we developed an invariant representation of the atomic
environment. The potential is systematically improvable with more
data. The accuracy of this interpolated PES is remarkable for a wide
variety of systems, including semiconductors, metals and polarisable
crystals.

MM 30.3 Tue 16:15 BAR 205
Ab initio prediction of solvus lines in Al alloys: The im-
portance of anharmonic contributions — •Albert Glensk,
Blazej Grabowski, Tilmann Hickel, and Jörg Neugebauer —
Max-Planck-Institut für Eisenforschung, Düsseldorf

The prediction of alloy phase diagrams without any experimental in-

put is a major challenge in materials science. First-principles stud-
ies including temperature effects in the harmonic approximation have
already demonstrated to provide a qualitative agreement with CAL-
PHAD phase diagrams, but truly quantitative predictions are rare.
Recent first-principles calculations on point defects have shown that
a highly accurate computation of formation free energies is possible
up to the melting temperature, if all excitation mechanisms, in par-
ticular anharmonic excitations, are taken into account [1]. Applying
these methods, we have studied the solvus line of Si in Al, giving ac-
cess to the Al-rich region of the Al-Si phase diagram. We will discuss
the methodological challenges and the unexpectedly large impact of
anharmonic lattice excitation on these results.

[1] B. Grabowski et al, PRB 79, 134106 (2009)

MM 30.4 Tue 16:30 BAR 205
Low temperature specific heat of pure titanium made
nanocrystalline by severe plastic deformation — •Martin
Peterlechner1, Jochen Fiebig2, and Gerhard Wilde1 —
1Institute of materials physics, WWU Münster, Germany —
2Department of Chemical Engineering and Materials Science, UC
Davis, USA

In the last decades it was shown that severe plastic deformation can
be used to obtain bulk nanostructured materials. In the present work,
pure titanium was processed by equal channel angular pressing and
subsequently annealed to obtain fairly dislocation free bulk nanostruc-
tured samples. The arising structures were analyzed using electron mi-
croscopy. Specific heat measurements using the two-tau method were
conducted in the temperature range between 1.9 and 300 K, to obtain
data sets of nanocrystalline titanium and its coarse grained counter-
part. Using the Debye model for the lattice-vibrational contribution
to the low temperature specific heat (<5K), and using the Sommer-
feld model for the contribution of the electrons to the specific heat a
function g*T+a*Tˆ3 was fitted to obtain the Sommerfeld coefficient
g and the Debye temperature. It is concluded, that in nanocrystalline
titanium the contribution of electrons to the specific heat is increased
due to the high number of grain boundaries. There is an indication
that the Debye temperature slightly decreases and, moreover, the total
enthalpy of the nanocrystalline phase increases. Based on the results
thermodynamic properties of grain boundaries are deduced, and the
limits of the applied models are discussed.

15 min break

Topical Talk MM 30.5 Tue 17:00 BAR 205
Soft Matter in Hard Confinement: Molecular Assemblies
confined in Nanoporous Solids — •Patrick Huber — Materials
Physics and Technology, Hamburg University of Technology, D-21073
Hamburg

The advent of tailorable nanoporous solids, such as porous silicon and
alumina, allows one to explore the equilibrium and non-equilibrium
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properties of condensed matter in well-defined, nanostructured geome-
tries. In my talk I will present selected experiments on kinetic and ther-
modynamic phenomena, ranging from spontaneous imbibition, capil-
lary condensation and glass formation to nematic ordering and crys-
tallization in pores a few nanometers across. Depending on the nature
of the basic building block of the molecular assemblies investigated
(rare gas molecules, water, liquid crystals, linear hydrocarbons, poly-
mers and proteins) and the mean pore diameter of the porous host a
remarkable robustness, however, also substantial deviations from the
macroscopic bulk behaviour can be observed, both with regard to the
equilibrium and non-equilibrium behaviour.

MM 30.6 Tue 17:30 BAR 205
Polarization discontinuities in two-dimensional honeycomb

lattices — •Marco Gibertini, Giovanni Pizzi, and Nicola Marzari
— Theory and Simulation of Materials, École Polytechnique Fédérale
de Lausanne, Switzerland

The unprecedented and fascinating phenomena taking place at oxide
interfaces such as LaAlO3/SrTiO3 have recently triggered the search
for their two-dimensional analogues. In this respect, honeycomb lat-
tices seem to offer a rich playground, both for their versatility and
the fundamental experimental developments that ensued from the dis-
covery of graphene. In this talk we would like to emphasize, with
the help of atomistic first-principles simulations, how to achieve polar
discontinuities across interfaces between honeycomb lattices, elucidat-
ing the key physical processes that occur and their possible practical
applications.

MM 31: Mechanical properties II - Characterisation mechanics

Time: Tuesday 15:45–17:00 Location: IFW D

MM 31.1 Tue 15:45 IFW D
Problems of understanding defect-related mechanical loss
spectra in aluminium — •Hans-Rainer Sinning and Jens Bern-
hardt — Institut für Werkstoffe, Technische Universität Braunschweig

Aluminium is one of the most thoroughly studied materials with re-
spect to basic mechanisms of internal friction and anelastic relaxation,
such as low-temperature intrinsic dislocation relaxation (Bordoni re-
laxation), various kinds of dislocation - point defect interactions, grain-
boundary sliding, and high-temperature dislocation processes. Al-
though these mechanisms and related phenomena are usually treated
separately, they are often overlapping or even physically connected,
e.g. by common rate-controlling processes like bulk or short-circuit
diffusion. This makes their identification and understanding some-
times difficult, particularly in technical Al-based materials. On the
other hand, such understanding is highly desirable because of pro-
nounced effects and high sensitivity of the spectra observed. Here we
will discuss some characteristic modifications recently observed mainly
in the high-temperature parts of the spectra (around the well-known
”grain-boundary peak”), as introduced e.g. by ceramic reinforcements
(particles or BN nanotubes), or by severe plastic deformation.

MM 31.2 Tue 16:00 IFW D
Observation of dislocation - related damping mechanisms in
Al - based materials — •Jens Bernhardt and Hans-Rainer Sin-
ning — Institut für Werkstoffe, Technische Universität Braunschweig,
Germany

Damping features in Al based alloys between 100 K and room tem-
perature are due to dislocation dynamics. In metal matrix compos-
ites (MMCs) formation of micro plastic deformation zones take place
during thermal cycling at the interface between metal matrix and re-
inforcing phase. As we have shown before a broad damping structure
in mechanical loss spectra of annealed AA 6061 based MMC (22 %
Al2O3) could be assigned to free dislocations generated at the inter-
face between metal matrix and reinforcing particles.

To understand the nature of this broad damping structure we mea-
sured damping spectra of Al(99,99), and an Al(99,7) + 10 % B4C com-
posite. In deformed Al(99,99) we observed the Bordoni-Peak around
150 K at 1 kHz. This peak is due to interaction of dislocations with
crystal lattice. In Al(99,7) + 10 % B4C a further peak in damping
was observed at temperatures between 250 K and room temperature.
He is embedded in a broad damping structure comparable to the one
observed in AA 6061 + 22 % Al2O3. The mechanism of this peak is
most likely dragging of dislocations by point defects (PD) with some
enhanced diffusion involved. We will show that this damping peak is
depending on heating rate, amplitude of measurement and frequency
as well. Properties of Bordoni-Peak, PD-Dislocation Peak and also of
the broad damping structure are being discussed for all materials.

MM 31.3 Tue 16:15 IFW D
Ambiguity filtering for quantitative data analysis of ACOM-
TEM imaging of nanocrystalline metals — •Aaron Kobler1,2,
Edgar Rauch3, Christian Kübel1, and Horst Hahn1,2 —
1Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany —
2Technische Universität Darmstadt (TUD), Darmstadt, Germany —
3SIMAP laboratory, Saint Martin d’Hères Cedex, France

Automatic Crystal Orientation Mapping for the Transmission Elec-
tron Microscope (ACOM-TEM) still is a new technique. It allows
investigating nanocrystalline (nc) metals with crystal sizes <100 nm
where Electron Backscattering Diffraction reaches its limitations. Re-
cently, we combined ACOM-TEM (Nanomegas) imaging with in-situ
straining inside the TEM using Hysitron’s TEM Picoindenter to fol-
low up the deformation processes of nc PdAu alloys. After recognizing
grains/crystallites in crystal orientation maps using Mtex we tracked
individual crystallites through straining series. This allowed us to sep-
arate grain rotation from an overall sample bending. However, this
tracking fails if the grain recognition is misled by the famous 180◦

ambiguity of the crystal orientation data. 180◦ ambiguity arises for
certain crystal orientations if the underlying spot diffraction pattern
show only a limited number of diffraction spots from the zero order
Laue zone. As a result of it twin noise is visible. This kind of noise
leads to failure of the crystallite tracking and a reduced reliability of
quantitative data analysis. Here we present a simple approach to cor-
rect for this ambiguity, further some results on in-situ straining of nc
PdAu using this filter.

MM 31.4 Tue 16:30 IFW D
Energetic Structure of micro Laue Peaks from Plastically-
Deformed Cu Micro-Beam Revealed by a Three-Dimensional
X-ray Detector — •Ali Abboud1, Christoph Kirchlechner2,
Lothar Strüder3, Jozef Keckes4, and Ullrich Pietsch1 —
1University of Siegen FKP — 2Max Planck Institut für Eisenforschung
GmbH — 3PNSensor GmbH — 4Material Center Leoben Forschungs
GmbH

Energy dispersive micro-Laue diffraction is used to analyse morphology
and energetic structure of circular and streaked Cu 711 and 511 reflec-
tions collected during a position-resolved experiment on a plastically
deformed Cu micro-beam with dimension of 6 x 6 x 30 umˆ3. The syn-
chrotron experiment was performed at the BM32 beam line of ESRF
using polychromatic radiation of 5-27keV and beam size of 0.5x0.5
umˆ2. The diffraction signal was recorded using an energy-dispersive
two dimensional detector; pnCCD. Whereas the Laue reflections ob-
tained from undeformed sample regions remain sharp and diffract at
distinct X-ray energies, streaked reflections originating from plastically
deformed regions possess an energy gradient which is interpreted by
lattice rotation caused by geometrically necessary dislocations stored
in the crystal. The novel approach represents a milestone in the struc-
tural analysis of materials and will be used to analyse (i) strains in
elastically deformed samples without the need of sample rotation and
(ii) dislocation structures as well as local strains in plastically deformed
metals.

MM 31.5 Tue 16:45 IFW D
The influence of dissolved hydrogen in palladium on the pop-
in load — •Martin Deutges1, Christine Borchers1, and Reiner
Kirchheim1,2 — 1Institut für Materialphysik, Georg-August Univer-
sität Göttingen, Friedrich-Hund-Platz 1, 37077 Göttingen, Germany
— 2International Institute for Carbon-Neutral Energy Research (WPI-
I2CNER), Kyushu University, Japan

The transition of elastic to plastic deformation in an initial defect free
material is accompanied by the creation of a new dislocation loop.
Nanoindentation allows to observe this event and the load at which
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this happens is called pop-in load.
It is well known that hydrogen affects defect formation. As an ex-

ample, dissolved hydrogen in palladium facilitates the formation of
dislocations, leading to an increase in dislocation density [1].

The palladium-hydrogen system was chosen to analyze this effect
with nanoindention. For this purpose an in-situ setup is used to keep
a defined hydrogen concentration within the α-phase of the palladium-

hydrogen system.
These experiments can be analyzed using the defactants concept [2],

the basis of which is the assumption that a decrease of the overall free
energy by the segregation of solute atoms to a defect can be ascribed
to a decrease of the defect formation energy.

[1] Y.Z. Chen et al., Scripta Mater. 68 (2013) 743.
[2] R. Kirchheim, Acta Mater. 55 (2007) 5129.

MM 32: Transport II - Microstructure/Grain boundaries

Time: Tuesday 15:45–16:45 Location: IFW B

MM 32.1 Tue 15:45 IFW B
Wetting and pre-melting phase transitions in Cu(Bi) al-
loys studied by tracer diffusion — •Henning Edelhoff1, Boris
Straumal2, Sergiy Divinski1, and Gerhard Wilde1 — 1Institute
of Materials Physics, University of Münster, Münster, Germany —
2Institute of Solid State Physics, Chernogolovka, Russia

It is well known that segregation of impurity elements to grain bound-
aries (GB) can cause a severe change of the material properties. In
some systems, e.g. for the Cu-Bi one, the solute (Bi) excess at Cu
GBs leads to grain boundary embrittlement (GBE). Due to increas-
ing amounts of GBs in ultrafine grained and nanocrystalline materials
and the potential enrichment of Bi in copper-based materials for mi-
croelectronic applications, evoked by the usage of Pb-free solders like
Sn-Bi or Sn-Ag-Bi in the chip technology, the understanding of the
GBE phenomenon in general and in the Cu(Bi) system particularly is
of great importance.

Previously, GB diffusion of Cu and Bi in Cu(Bi) alloys has been
investigated and kinetic enhancement corresponding to a pre-wetting
phase transition was reported [1]. The question arises how the atomic
transport of other solutes is influenced by the phenomenon of GBE in
the Cu(Bi) system. In this work the GB diffusion of Ag, as one of the
main elements in Pb-free solder alloys, in Cu(Bi) alloys is investigated
by the radiotracer technique. The effect of segregation, grain size and
GB wetting transition on the kinetics of Ag GB diffusion is discussed.

[1] S.V. Divinski, M. Lohmann, Chr. Herzig, B. Straumal, B. Baret-
zky, W. Gust, Phys. Rev. B., 71, 104 (2005)

MM 32.2 Tue 16:00 IFW B
Transport and structural properties of grain boundaries in
ultrafine grained Cu — •Matthias Wegner1, Jörn Leuthold1,
Martin Peterlechner1, Daria Setman2, Michael Zehetbauer2,
Sergiy V. Divinski1, and Gerhard Wilde1 — 1Institut für Mate-
rialphysik, Universität Münster, Wilhelm-Klemm-Straße 10, D-41849,
Germany — 2Physics of Nanostructured Materials, Faculty of Physics,
University of Vienna, Boltzmanngasse 5, A-1090 Wien, Austria

According to existing models of grain refinement by severe plastic de-
formation, the abundance of lattice dislocations created during the
severe straining serves to modify the grain boundary structure of gen-
eral high angle grain boundaries (GHAGB) towards a state with an en-
hanced excess free energy density. The hereby modified microstructure
of 4N Cu, processed by High Pressure Torsion (HPT), tends to recrys-
tallize already at low homologous temperatures of about 0.26 revealing
a significant decrease in the recrystallization temperature. Diffusion
in these structures features ”ultra fast” in addition to ”conventional”
rates of grain boundary diffusion along GHAGB (as present in annealed
coarse-grained polycrystals). The results indicate a special microstruc-
tural state of at least a fraction of interfaces (suitable for percolation)
which relax, but are still observable at 320 K. Diffusion experiments
above 320 K involve a complete recrystallization of the initial struc-
ture. Fast diffusion rates are still measurable featuring the presence of
”High Energy Grain Boundaries” (HEGB) in recrystallized HPT Cu.

At temperatures higher than 443 K, microstructural relaxation induces
a further transformation of HEGB into GHAGB.

MM 32.3 Tue 16:15 IFW B
Diffusion and microstructure in ultrafine grained nickel —
•Simon Trubel, Sergiy Divinski, Martin Peterlechner, Ger-
rit Reglitz, Matthias Wegner, Christian Simon, and Gerhard
Wilde — Institut für Materialphysik der Westfälischen Wilhelms-
Universität

Ultrafine grained and nanocrystalline materials produced by methods
of severe plastic deformation (SPD) have roused a growing interest
in science and technology. Previous experiments on Nickel of 99.6%
purity show ultra-fast diffusion rates in severely deformed materials
created by equal channel angular pressing (ECAP) [1]. Further in-
vestigations on pre-annealed ECAP-Nickel were conducted to analyse
the nature of its recovery on a microscopic scale. In order to analyse
the impact of the strain path and particularly of the hydrostatic com-
ponent of the applied stress, the material of the same starting ingot
has also been applied to high pressure torsion (5 turns, 2 GPa applied
pressure). Grain boundary self-diffusion has been analysed by apply-
ing the 63Ni radioisotope in combination with high-precision parallel
grinding. The results of the diffusion measurements and of measure-
ments by electron backscattered diffraction (EBSD) and transmission
electron microscopy (TEM) are discussed with respect to modifications
of grain boundary structures and characteristics by SPD.

MM 32.4 Tue 16:30 IFW B
Lattice degradation in bi-crystalline Ag wires during re-
versible electromigration — •Simon P. Sindermann, Michael
Horn-von Hoegen, Günter Dumpich, and Frank-J. Meyer zu
Heringdorf — Faculty of Physics and Center for Nanointegration
Duisburg-Essen (CENIDE) University of Duisburg-Essen, D-47057
Duisburg, Germany

Electromigration is known as the reversible mass transport occuring at
high electric current densities. We use well controlled bi-crystalline Ag
test structures [1] to study the interaction of electromigration driven
voids with the crystal lattice by in-situ scanning electron microscopy
(SEM).

Previously we have shown that the void shape is strongly influenced
by the lattice symmetry [2], and we observed an increased number of
additional voids in the motion path of voids [3].

Here, we present our observation of void motion at the reversal of
the electric current direction. We find that a void exactly retraces its
previous path. The test structure remembers where a void has passed
through it. Electron backscatter diffraction (EBSD) shows that this
kind of memory effect is caused by a permanent lattice degradation.
Electromigration is thus not reversible with respect to the microstruc-
ture.

[1] S. Sindermann et al. RSI 82, 123907 (2011)
[2] A. Latz et al. PRB 85, 035449 (2012)
[3] S. P. Sindermann et al. JAP 113, 134505 (2013)
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MM 33: Nanomaterials II - Tubular nanostructures

Time: Tuesday 15:45–17:45 Location: IFW A

MM 33.1 Tue 15:45 IFW A
Synthesis, characterization and electrical properties of cop-
per coated multi-walled carbon nanotubes — •Abdelwahab
Hassan, Silke Hampel, Eslam Ibrahim, Christian Hess, Albrecht
Leonhardt, and Bernd Büchner — Leibniz-Institute for Solid State
and Materials Research (IFW-Dresden), D-01171 Dresden, Germany

In the recent years, carbon nanotubes (CNTs) have received consider-
able attention as new materials for a variety of potential applications
due to their interesting properties. As well as, CNT- can be rein-
forced metal matrix composites (MMCs).The coating of CNTs with
metal and metal oxide is fundamentally important for applications of
CNTs in nanoelectronic device, gas sensor and composite materials,
etc. As well as coating of CNTs lead to a significant improvement of
interfacial bond between CNTs and metal matrix. Therefore, in the
present contribution, a novel route to synthesize copper/multi-walled
carbon nanotubes (MWCNTs) was developed using a chemical electro-
less plating process after the radio frequency (RF) plasma treatment of
the CNTs. Plasma treatment of MWCNTs surface was carried out in
various gaseous atmospheres, namely Ar, H2 and N2 to improve cop-
per adhesion. N2 plasma treatment showed better surface activation of
the MWCNTs. This study investigated the effect of plasma treatment
time, flow rate and RF power to improve the copper coating. The
morphology of MWCNTs were studied by TEM, SEM, Raman spec-
troscopy, XPS as well as X-ray diffraction (XRD). The measurements
of electrical conductivity of uncoated and copper coated MWCNTs
were measured by four-point method in temperature range 300-573 K.

MM 33.2 Tue 16:00 IFW A
Growth of periodic arrays of perpendicularly aligned multi-
walled carbon nanotubes — •Eser Metin Akinoglu, Anthony
John Morfa, and Michael Giersig — Freie Universität Berlin, De-
partment of Physics, Berlin, Germany

Multi-walled carbon nanotubes (MWCNTs) are promising nano ma-
terials with unique properties such as their extraordinary mechani-
cal strength and their electrical conductivity. Using a combination
of nanosphere lithography (NSL) for catalyst nano-patterning and
plasma enhanced chemical vapor deposition (PECVD) for perpendicu-
larly aligned growth we can produce different MWCNT systems. NSL
utilizes a hexagonally close packed monolayer of submicron polystyrene
spheres (PSS) as a lithography mask for metal deposition. A periodic
array of triangular shaped metal islands remains after chemically re-
moving the PSSs. The size and distance in between the metal islands
can be tuned by enlarging or shrinking the hexagonal unit cell which
can be tuned through the used PSS size. In the PECVD of MWC-
NTs a vapor-liquid-solid growth process is used where nickel acts as a
catalyst and as a protective helmet during ion bombardment for per-
pendicular MWCNT growth. By changing the catalyst pretreatment,
plasma conditions, growth temperature, gas composition and growth
time of the PECVD process we can vary the MWCNT growth kinetics
yielding vastly different results in terms of shape, size and crystalin-
ity. In this presentation we show the optimization of parameters for
MWCNT growth and discuss potential bio and energy applications
such as antimicrobial surfaces and field emitter arrays.

MM 33.3 Tue 16:15 IFW A
Investigation of the antimicrobial activity of well-dispersed
multiwalled carbon nanotubes (MWCNT) — •Maryam
Khazaee1, Dan Ye1, Anindya Majumder1, Larysa Baraban1,
Jörg Opitz1,2, and Gianaurelio Cuniberti1,3 — 1Institute for Ma-
terials Science and Max Bergmann Center of Biomaterials, TU Dres-
den, 01062 Dresden, Germany — 2Fraunhofer Institute IZFP Dresden,
01109 Dresden, Germany — 3Division of IT Convergence Engineering,
POSTECH, Pohang, Korea

Antimicrobial activity of well-dispersed MWCNTs with an average
diameter of 10 nm was investigated by analyzing the growth curves
of Escherichia coli (E.coli) population in surfactant-modified MWC-
NTs and polymer-modified MWCNTs in Luria Bertani (LB) broth.
MWCNTs can be dispersed in ionic surfactants like sodium dode-
cyl sulfate (SDS), sodium dodecylbenzenesulfonate (SDDBS), sodium
cholate (SC), dodecyltrimethylammonium bromide (DTAB) and de-
cyltrimethylammonium bromide (CTAB), as well as in a non-ionic
polymer-polyvinylpyrrolidone (PVP). Good dispersion of surface func-

tionalized MWCNTs was observed by UV-Vis spectroscopy and micro-
scopic techniques. Biocompatibility of these surfactants was estimated
by analyzing the growth curves of E. coli population in both surfactant-
LB broth and polymer-LB broth. SDDBS and PVP, which showed the
least toxicity towards the E. coli cells, were selected to study the inter-
action of well-dispersed MWCNTs by these materials with bacteria.
Observation of the deformed E.coli cell membranes using SEM con-
firms the antimicrobial activity of MWCNTs.

MM 33.4 Tue 16:30 IFW A
Investigation of the antimicrobial activity of well-dispersed
multiwalled carbon nanotubes (MWCNT) — •Maryam
Khazaee1, Dan Ye1, Anindya Majumder1, Larysa Baraban1,
Jörg Opitz1,2, and Gianaurelio Cuniberti1,3 — 1Institute for Ma-
terials Science and Max Bergmann Center of Biomaterials, TU Dres-
den, 01062 Dresden, Germany — 2Fraunhofer Institute IZFP Dresden,
01109 Dresden, Germany — 3Division of IT Convergence Engineering,
POSTECH, Pohang, Korea

Comparative dispersion capability of ionic surfactants like Sodium
dodecyl sulfate (SDS), Sodium dodecylbenzenesulfonate (SDDBS),
Sodium cholate (SC), Dodecyltrimethylammonium bromide (DTAB)
and Decyltrimethylammonium bromide (CTAB) and a non-ionic
polymer- Polyvinylpyrrolidone (PVP) was examined to disperse MWC-
NTs. The surface functionalized dispersed MWCNTs with average
diameter of 10 nm were investigated using microscopic techniques.
Among these surfactants, SDDBS and DTAB provided maximum and
minimum dispersion susceptibility, respectively. Furthermore, different
concentrations of PVP showed good capabilities for MWCNTs disper-
sion. Biocompatibility of these surfactants and polymer was estimated
by analyzing their optical density (OD) growth curves after treating
them with E.coli. SDDBS and PVP which showed the least toxicity,
were selected to study their biocompatible interaction with well dis-
persed MWCNTs. Observation of the deformed E.coli cell membranes
confirm the antimicrobial activity of MWCNTs.

15 min break

MM 33.5 Tue 17:00 IFW A
Unveiling the atomic structure of single-wall boron nanotubes
— •Jens Kunstmann1,2, Viktor Bezugly2,3, Hauke Rabbel2, and
Gianaurelio Cuniberti2,3 — 1Department of Chemistry, Columbia
University, 3000 Broadway New York, NY 10027, USA — 2Institute
for Materials Science and Max Bergmann Center of Biomaterials, TU
Dresden, 01062 Dresden, Germany — 3Center for Advancing Electron-
ics Dresden, TU Dresden, 01062 Dresden, Germany

Despite recent successes in the synthesis of boron nanotubes (BNTs),
the atomic arrangement of their walls has not yet been determined and
many questions about their basic properties do remain. Here, we unveil
the dynamical stability of BNTs by means of first-principles molecular
dynamics simulations. We find that free-standing, single-wall BNTs
with diameters larger than 0.6 nm are thermally stable at the exper-
imentally reported synthesis temperature of 870 degrees Celsius and
higher. The walls of thermally stable BNTs are found to have mixed
triangular-hexagonal morphologies. The latter could develop into a
new structural paradigm in boron chemistry.

MM 33.6 Tue 17:15 IFW A
From metal to semiconductior: an ab initio study of chemi-
cally functionalized boron nanotubes — •Viktor Bezugly1,2,
Hermut Michael Zopf1, Jens Kunstmann1,3, and Gianaurelio
Cuniberti1,2,4 — 1Institute for Materials Science and Max Bergmann
Center of Biomaterials, TU Dresden — 2Center for Advancing Elec-
tronics Dresden, TU Dresden — 3Department of Chemistry, Columbia
University, 3000 Broadway, New York — 4Dresden Center for Compu-
tational Materials Science, TU Dresden

Nanotubes of elemental boron have been synthesized in recent years [1].
In contrast to carbon nanotubes (CNTs), boron nanotubes (BNTs) are
metallic independent of their diameter and chirality and have higher
conductivity than metallic CNTs [1,2]. In our DFT investigations we
show how chemical functionalization of single-walled BNTs can tune
the basic electronic properties from metallic to semiconducting. The
effect can be achieved by atoms or functional groups which have a par-
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ticular chemical bonding interactions with BNTs. Our result indicate
that functionalization of BNTs offers chirality independent control of
the electronic structure of the nanotubes, which is paramount for in-
dustrial applications.

[1] F. Liu et al., J. Mater. Chem. 20, 2197 (2010); J. Liu, Z. Iqbal,
MRS Online Proc. Lib. 1307 (2011) DOI: 10.1557/opl.2011.320.

[2] V. Bezugly et al., ACS Nano 5, 4997 (2011).

MM 33.7 Tue 17:30 IFW A
Electronic structure calculations of modified diamondoids —
•Bibek Adhikari and Maria Fyta — Institute for Computational
Physics, Stuttgart, Germany

Diamondoids are diamond like cage structure with hydrogen termina-
tions, which have tremendous potential for nanotechnological applica-

tions. We focus on alteration and structural modifications of diamon-
doids by doping these molecules with various elements. We perform
density functional theory based calculations to reveal the electronic
properties of these doped diamondoids. We plan to investigate the
position of the dopants with respect to the cage structure for lower
as well as higher diamondoids and reveal the stability and structural
characteristics with respect to different doping sites. We next turn to
the study of selective functionalization of these molecules. We func-
tionalize two sites of the same diamondoid with a thiol and amine
group, respectively. In the end, we discuss the effect of functionaliza-
tion of self-assembled diamondoid monolayers. The aim is to selectively
tune the optical and electronic properties of diamondoids with dopants
and/or functionalization groups in view of their novel nanotechnolog-
ical applications.

MM 34: Poster Session

Time: Tuesday 18:00–20:00 Location: P4

MM 34.1 Tue 18:00 P4
Simulation of abnormal grain growth in nanocrystalline ma-
terials — •Mingyan Wang1, Jules Dake1, Rainer Birringer2, and
Carl Krill1 — 1Institute of Micro and Nanomaterials, Ulm Univer-
sity, Germany — 2FR 7.3 Technical Physics, University of the Saar-
land, Germany

Despite the rarity suggested by its name, abnormal grain growth
(AGG) appears to be a common mode of coarsening in nanocrystalline-
specimens, observed in a wide variety of materials prepared by a range
of synthesis routes. During AGG, a subpopulation of grains manifests
rapid growth, leading to grain volumes that are not only much larger
than those of their neighbors, but also sometimes highly irregular in
shape. The latter observation suggests that, in certain cases, AGG
might proceed by a kind of percolation phenomenon occurring on a
“grid” defined by the initial ensemble of grains. We have investigated
this possibility by extending a conventional phase field algorithm for
simulating grain growth to include selection rules for percolation. The
resulting simulated abnormal grains are strikingly similar in shape to
their experimental counterparts. By quantifying the comparison be-
tween simulation and experiment, we hope to shed light on at least one
of the underlying physical mechanisms for AGG in nanocrystalline ma-
terials.

MM 34.2 Tue 18:00 P4
Grain boundary enthalpy changes by mechanical defor-
mation of nanocrystalline alloys — •Michael Deckarm1,
Jonathan Schäfer2, Patric Gruber3, Karsten Albe2, and Rainer
Birringer1 — 1Universität des Saarlandes, FR 7.2 Experimen-
talphysik, 66123 Saarbrücken — 2Technische Universität Darm-
stadt, Fachbereich Material- und Geowissenschaften, Fachgebiet Ma-
terialmodellierung, 64281 Darmstadt — 3Karlsruher Institut für Tech-
nologie, Institut für Angewandte Materialien, 76344 Eggenstein-
Leopoldshafen

In as-prepared nanocrystalline (nc) alloys, grain boundaries (gb) are
usually in unknown local non-equilibrium configurations, reflecting the
preparation history. However, a thermally activated recovery process
below the onset temperature of grain growth permits a local equilibra-
tion of the gb and thus providing a well defined reference state.
Starting from this reference state we deformed nc (alloy) samples by
uni-axial compression and investigated the change of gb enthalpy as
a function of plastic strain by calorimetry. The experimental findings
are in large parts in excellent agreement with the results of a hybrid
MD/MC simulation method for the same material.
Surprisingly, annealing leads to significantly increased yield stresses
and narrowing of the microplastic regime in uniaxial compression tests.
Obviously, the configurational state of the gb seems to significantly in-
fluence the overall mechanical behaviour of nc metals at the low end
of the nanoscale.

MM 34.3 Tue 18:00 P4
Optimization of a Nanocalorimeter inside an SEM —
•Emanuel Franke1, Cynthia A. Volkert1, Feng Yi2, and David
A. LaVan2 — 1Institut für Materialphysik, Georg-August-University,
Göttingen, 37077 Göttingen — 2Materials Measurement Science Di-
vision, Material Measurement Laboratory, National Institute of Stan-

dards and Technology, Gaithersburg, USA 20899

As sample length scales reach down to nanometers and the surface
to volume ratio becomes large, the thermal properties of materials are
changed. The involved energy in such size induced changes is often only
a few nano-Joules and cannot be measured by conventional calorimetry
which has too low sensitivity. MEMS-based nanocalorimeters with suf-
ficient resolution to measure with nJ resolution have been developed in
the last two decades. We present several proof-of-concept experiments
using a MEMS based differential calorimeter which has been installed
in a field emission SEM. The SEM allows careful observation of the ex-
perimental conditions and of any changes in the sample microstructure
due to thermal cycling. Enthalpy change can be measured from room
temperature up to 1000 K by applying heating rates from 104 K/s to
105 K/s. Sensitivity better than 1 nJ/K for reversible and 10 nJ/K for
irreversible processes can be achieved. The limits of the measurement
method are explored by studying dewetting and oxidation of copper
films and melting of bismuth nanoparticles.

MM 34.4 Tue 18:00 P4
Spatial and orientational tracking of Ostwald ripening in
semisolid Al-Cu by 3DXRD microscopy — •James C. Shatto1,
Jules Dake1, Thomas Werz1, Jette Oddershede2, Henning
Sørensen3, Søren Schmidt2, and Carl Krill1 — 1Inst. of Micro
and Nanomaterials, Ulm University, Germany — 2Dept. of Physics,
Technical University of Denmark — 3Dept. of Chemistry, University
of Copenhagen, Denmark

Coarsening, a phenomenon that occurs whenever a polycrystalline ma-
terial is subjected to thermal processing, has long been a favorite
topic of materials scientists. Examples include grain growth (in single-
phase samples) and Ostwald ripening (in multiphase materials). Using
the relatively new technique of Three-Dimensional X-Ray Diffraction
(3DXRD) microscopy, we have investigated the coarsening-induced
growth/shrinkage of solid, Al-rich particles embedded in a liquid ma-
trix (of higher Cu content). The measurement technique reveals not
only the spatial extent of each crystalline particle but also its lattice
orientation at discrete time steps. From this information we can study
the migration rates of individual particle boundaries as a function of
relative lattice misorientation across the boundary. Such data may
yield the first experimental differentiation between the conventional
mechanism for Ostwald ripening (atomic diffusion through the second
phase) and particle growth via coalescence or diffusion of atoms across
single-phase interfaces.

MM 34.5 Tue 18:00 P4
Cooling rate dependend short and medium range order of a
CuZrAl glass analyzed by comparing XRD data and MD sim-
ulations — •Helmut Hermann1, Valentin Kokotin2, Uta Kühn1,
Björn Schwarz3, Ivan Kaban4, and Horst Wendrock1 — 1IFW
Dresden, P.O. Box 270116, 01171 Dresden — 2ThyssenKrupp Steel
Europe AG, Kaiser-Wilhelm-Str. 100, 47166 Duisburg — 3Karlsruhe
Inst. of Technology, IAM-ESS, Hermann-von Helmholtz-Platz 1, 76344
Eggendingen-Leopoldshafen — 4TU Dresden, Inst. für Werkstoffwis-
senschaft, 01062 Dresden

The preparation of a CuZrAl glass is simulated at different cooling
rates by means of molecular dynamics (MD). The atomic order is
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studied using generalized Voronoi tessellation. It appears that the
fraction of icosahedral Voronoi cells increases with decreasing cooling
rate. These differences are visible in changes of the X-ray scattering in-
tensities of the simulated samples. Parallel to the simulations, samples
with the same composition are prepared experimentally under differ-
ent cooling rates which are realized by means of rapid quenching and
mould casting techniques, respectively. Synchrotron radiation is used
to measure the diffraction curves of the samples. The experimental
X-ray scattering curves for the samples obtained at different cooling
rates show the same features as the curves calculated from the samples
generated by MD simulation at different cooling rates. This confirms
the simulation results.

MM 34.6 Tue 18:00 P4
Visualization of scattering properties by Neutron Grating In-
terferometry — •Benedikt Betz1, Eberhard Lehman1, Rudolf
Schaefer2,3, Peter Rauscher3, and Christian Gruenzweig1 —
1SINQ, Paul Scherrer Institut, Villigen, Switzerland — 2IFW, Dres-
den, Germany — 3Technische Universität Dresden, Dresden, Germany

The neutron Grating Interferometer (nGI) is a standard user instru-
ment at the ICON beamline at SINQ at PSI. The setup is able to
deliver simultaneously information about the attenuation, phase shift
[1] and scattering properties in the so called dark-field image (DFI) [2]
of a sample. Due to the interaction of neutrons with the nucleus only,
they are able to penetrate deeper into matter, in particular heavier
materials, than X-rays do. A further advantage of neutrons compared
to X-rays is the interaction of the neutrons* magnetic moment with
magnetic structures, that allows for the investigation of magnetic do-
main structures using the nGI technique [3]. In the forseen talk, the
nGI-setup and its technique for imaging with cold neutrons will be
explained. In the forseen talk, the nGI-setup and its technique for
imaging with cold neutrons will be explained. Furthermore examples
for the investigation of magnetic structures in Grain-oriented and non-
oriented steel laminations (FeSi) will be presented. [1]:F. Pfeiffer et al.
Neutron phase imaging and tomography, Phys. Rev. Lett. 96, 215505,
(2006)[2]:C.Grünzweig et al. Neutron Decoherence Imaging for Visu-
alizing Bulk Magnetic Domain Structures. Phys. Rev. Lett. 101,
025504 (2008) [3]:C.Grünzweig et al. Bulk magnetic domain struc-
tures visualized by neutron dark-field imaging. Appl. Phys. Lett. 93,
112504(2008)

MM 34.7 Tue 18:00 P4
Influence of different loading stresses to duplex steel in the
VHCF regime — •Anne Hüsecken1, Marcus Söker2, Konstantin
Istomin1, Benjamin Dönges1, and Ullrich Pietsch1 — 1Universität
Siegen — 2Hochschule Osnabrück

Damage mechanisms in the VHCF regime are still not sufficiently un-
derstood. Experiments on austenitic-ferritic duplex steels up to 109

cycles have revealed that elastic anisotropy causes stress concentra-
tions at grain and phase boundaries leading to slip band emanation
preferentially in the fcc austenite phase [1]. Slip bands raise locally
the residual stress level in the neighbouring bcc ferrite grains. So,
crack initiation along pronounced slip bands and grain/phase bound-
aries were observed [1,2]. There is a need to analyse the development
of dislocations and their formation to slip bands within the grains in
order to correlate the observed microstructure with relevant damage
mechanisms. We present a new way of fatique analysis measuring the
change of shape of selected austenite and ferrite X-ray Bragg reflections
for single grains as function of the number of VHCF cycles and dif-
ferent loading stresses in-situ. It was explored that selected austenite
reflections show an increasing peak splitting as function of load cycles
whereas ferrite reflection kept nearly unchanged. This finding can be
attributed to the formation of stress induced dislocations bunches in
austenite grains which may acts as nuclei for crack formation in neigh-
boured ferrite grains [3]. [1] U. Krupp: Fatigue Crack Propagation in
Metals and Alloys (Wiley, 2007). [2] H. Knobbe et al, J. Phys.: Conf.
Ser. 240 (2010) 012061 [3] K.Istomin et .al. Fatique, submitted 2013

MM 34.8 Tue 18:00 P4
Simulation of Grazing-Incidence Small-Angle Scattering on
Cu nano-size clusters — Celine Durniak1, •Marina Ganeva1,
Christiane A. Helm2, Rainer Hippler2, Oxana Ivanova1, Gen-
nady Pospelov1, Walter Van Herck1, and Joachim Wuttke1 —
1Jülich Centre for Neutron Science, Forschungszentrum Jülich GmbH,
Outstation at MLZ, Garching, Germany — 2Institut für Physik, Uni-
versität Greifswald, Greifswald, Germany

Grazing-incidence small-angle scattering (GISAS) is increasingly used

to investigate the structural properties of thin films, layered materials,
deposited nanoparticles and many others. To prepare a successful ex-
periment and to analyze the measured data, appropriate simulations
are required.

BornAgain [1] is a multi-platform open-source project that aims at
supporting scientists in the analysis and fitting of their GISAS data,
both for synchrotron (GISAXS) and neutron (GISANS) facilities. It
is provided with a sample model and an instrument model accounting
for the resolution effects, and simulates the scattering process using
the distorted-wave Born approximation (DWBA).

Here we show GISAXS and GISANS images simulated using
BornAgain. The influence of the sample properties and experimen-
tal parameters on the scattering pattern is discussed. Cu clusters,
produced using a DC magnetron-based gas aggregation source and de-
posited to a Si substrate, are taken as a case study.

[1] http://apps.jcns.fz-juelich.de/doku/sc/bornagain:start

MM 34.9 Tue 18:00 P4
Heterogeneous shear elasticity of glasses: Instability,
anharmonicity and fractional-power scaling — •Walter
Schirmacher1,2, Alessia Marruzzo2,3, Andrea Fratalocchi3, Gi-
ancarlo Ruocco2, and Tullio Scopigno2 — 1Institut für Physik,
Universität Mainz, Germany — 2Dipt. of Fisica, Universit’a ”La
Sapienza”, Italy — 3Faculty of Electr. Eng., Applied Mathematics
and Computational Science, King Abdullah University of Science and
Technology, Saudi Arabia

Dynamical heterogeneity is the hallmark of glassy dynamics both on
the liquid and on the solid side of the glass transition. On the solid
side elastic heterogeneity causes a wealth of anomalous vibrational phe-
nomena such as an enhancement of the vibrational spectrum over the
Debye expectation (“boson peak”) and anomalous sound dispersion
and attenuation. Above the boson peak frequency region the anoma-
lies are entirely due to harmonic degrees of freedom and are caused
by the disorder-induced breakdown of translational invariance. Below
this region - as we report here by comparing experimental sound atten-
uation data with simulations on a soft-sphere glass and an appropriate
theory - there develops a dynamical scaling scenario caused by the
combined action of disorder, local instability and anharmonicity.

MM 34.10 Tue 18:00 P4
Showdown! Comparing phase field simulations to time-
resolved x-ray tomography measurements of Ostwald ripen-
ing in 3D — Thomas Werz1, Nan Wang2, Michael Heinze3, Ste-
fan Odenbach3, Long-Qing Chen2, and •Carl Krill1 — 1Inst. of
Micro and Nanomaterials, Ulm University, Germany — 2Dept. of Ma-
terials Science and Engineering, The Pennsylvania State University,
USA — 3Inst. of Fluid Mechanics, TU Dresden, Germany

It’s not only moviegoers whose imagination has been captured by
the 3D revolution in imaging technology—even materials scientists
have been swept up in the hype. Their excitement is understand-
able, given the power of techniques like x-ray microtomography to map
out microstructural evolution with high spatial and temporal resolu-
tion. However, not everyone believes that the resulting 3D “movies”
are worthy of Oscar consideration: after all, computational materials
scientists have generated thousands of 3D simulations without win-
ning a single Academy Award! Perhaps voters are still waiting for
the computational algorithms to be validated against experiment. We
have addressed the latter issue by investigating Ostwald ripening in
the model system Al-5 wt% Cu, using x-ray microtomography to ob-
tain real-time 3D image sequences of particle growth and shrinkage.
We then employed a phase-field model to simulate coarsening in the
same sample region, starting from the measured initial configuration.
The stage is now set for a showdown in 4D (3 spatial dimensions +
time) between experiment and computer simulation. The results could
decide once and for all whether theorists can lay claim to simulating
reality!

MM 34.11 Tue 18:00 P4
The Grain Mapper at the High Energy Beamline HEMS —
•Torben Fischer, Lars Lottermoser, Sven Kleeband, Norbert
Schell, Martin Müller, and Andreas Schreyer — Helmholtz-
Zentrum Geesthacht, Max-Planck-Str. 1, 21502 Geesthacht, Germany

The 3D investigation of polycrystalline materials allows the study of
the relationship between macroscopic and micro structural properties
at the level of single grains. A main objective is the measurement of
the 3D strain state between single grains. The High Energy Materi-
als Science Beamline (HEMS), operated by the Helmholtz-Zentrum
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Geesthacht (HZG), has a dedicated hutch for such 3D techniques.
HEMS is situated at the high brilliance synchrotron storage ring PE-
TRA III at DESY in Hamburg and has a tuneable energy range be-
tween 30 and 200 keV. Fast detector systems and high photon flux
allow for highly dynamic investigations, e.g. of phase transformation
or catalysis. The X-ray beam can be focused down to micrometre
size with compound refractive lenses (CRLs). The grain mapper is
an optimized endstation for the 3D-XRD technique. The grain map-
per consists of a solid granite substructure, a high precision rotation
stage and portals for far- and near-field detectors. The instrument has
finished commissioning phase and first results will be presented. The
main scientific topics addressed are the investigation of new joining
and machining processes, metallurgy, chemistry and material physics.

MM 34.12 Tue 18:00 P4
Ordered Mesoporous Thin Films; Elastic Modulus De-
termination by Humidity Driven Pore Lattice Deforma-
tion — •Parvin Sharifi1, Benedetta Marmiroli2, Barbara
Sartori2, Fernando Cacho-Nerin2,3, Hienz Amenitsch2, Chris-
tian Ganser1, Christian Teichert1, and Oskar Paris1 — 1Institut
für Physik, Montanuniversität Leoben (Franz-Josef Strasse 18, 8700
Leoben, Austria — 2Institute of Inorganic Chemistry, TU Graz
(Stremayrgasse 9/IV, 8042 Graz, Austria — 3Current addresss: Beam-
line I14, Diamond Light Source, Harwell Science and Innovation Cam-
pus, OX11 0DE Didcot (Oxfordshire), UK

Adsorption induced deformation of mesoporous powders and thin films
can provide valuable information about their mechanical properties.
Two types of mesoporous thin films were prepared by dip- and spin-
coating on silicon substrates using a sol made of TEOS and triblock
copolymer (P123) in acidic solution followed by calcination at 400◦C.
GISAXS measurements revealed ordered mesoporous films with 2D
hexagonal structure with a macroscopic alignment of the pore axis
within the plane of the substrate. The pore-lattice deformation due
to adsorption of water was determined by in-situ GISAXS in a rel-
ative humidity range of RH=5% to RH=95%. Both films showed a
reversible out-of-plane contraction due to the condensation of water
in the pores. Pore lattice strain vs RH, called strain isotherms, were
used to determine the *pore load modulus* of the films. The results
showed clear differences between the two types of samples.

MM 34.13 Tue 18:00 P4
In-situ tomography on the magnetostructural transition of
La(Fe,Si)13 — •Anja Waske1, Bruno Weise1,6, Konstantin
Skokov2, Stefan Schmiederer3,4, Alexander Rack3, Wolfgang
Ludwig5, Oliver Gutfleisch2, and Jürgen Eckert1,6 — 1IFW
Dresden, Institute for Complex Materials, Dresden, Germany, — 2TU
Darmstadt, Department of Materials Science, Darmstadt, Germany,
— 3European Synchrotron Radiation Facility, Grenoble, France, —
4University of Manchester, X-ray Imaging Facility, School of Mate-
rials, UK, — 5GEMPPM-MATEIS, INSA de Lyon, Lyon, France,
— 6Institute of Materials Science, Dresden University of Technology,
01062 Dresden, Germany

Magnetocaloric material of the composition La(Fe,Si)13 shows a mag-
netostructural transition connected to a volume expansion of up to
1.5%, which can be induced either by applying a magnetic field or by
lowering the temperature below the material’s Curie temperature. We
conducted a temperature dependent study of this magnetostructural
transition to study how the nucleation of the low-temperature state
proceeds in the sample as the temperature is lowered. Powderized and
bulk samples were compared to study the influence of the neighbour-
ing particles and the constraints those present for other particles (or
grains) to transform.

MM 34.14 Tue 18:00 P4
Combined X-ray/Neutron reflectometer NREX - advanced
tool for studying surfaces films and heterostructures — •Olaf
Soltwedel, Yury Khaydukov, Thomas Keller, Franz Tralmer,
Manfred Ohl, and Bernhard Keimer — MPI für Festkörper-
forschung, Heisenbergstraße 1, 70569, Stuttgart

This presentation will introduce neutron reflectometry, a unique tool
to investigate properties of thin films like chemical composition, inter-
diffusion, magnetic depth profiling etc. in buried films and dedi-
cated sample environments on nanometre scale. Besides few theo-
retical aspects scientific applications ranging from polymer films at
the solid/liquid interfaces over chemical depth profiling in amorphous
hydrogenated carbon to magnetic thin films are presented. Finally,
the realisation of a combined x-ray and neutron reflectometer will be

shown in details. Here at the NREX reflectometer (FRM2, Garching,
Germany) a conventional X-ray (Cu-Kα: λ = 1.541Å) add on offers the
unique possibility to combine X-ray and neutron reflectometry in-situ.

MM 34.15 Tue 18:00 P4
In-situ high energy x-ray diffraction studies on the phase evo-
lution during decomposition of arc evaporated (Ti,-Cr,-Al)N
coatings — •Daniel M. Ostach1, Norbert Schell1, Andreas
Schreyer1, Jens Birch2, Jeremy Schroeder2, Lina Rogström3,
Matts P. Johansson-Jõeasaar4, and Rachid M’Saoubi4 —
1Helmholtz-Zentrum Geesthacht, Institute of Materials Research,
Max-Planck-Straße 1, 21502 Geesthacht — 2Thin film physics, IFM,
Linköping University, 581 83 Linköping, Sweden — 3Nanostructured
materials, IFM, Linköping University, 581 83 Linköping, Sweden —
4SECO Tools AB, Fagersta, Sweden

Hard and wear resistant cubic (c)-(Ti,Al)N based coatings are widely
used in industrial applications, as in the case of coated metal cutting
tools. During cutting, the coated tool is exposed to high tempera-
tures and large forces. c-(Ti,Al)N decompose in two stages under such
conditions; first a spinodal decomposition into coherent c-TiN and c-
AlN rich domains followed by a second stage where c-AlN transforms
to hexagonal (h)-AlN. Alloying of Cr in (Ti,Al)N coatings provide an
additional decomposition route through the formation of intermediate
c-(Al,Cr)N and c-(Ti,Cr)N ternary phases prior to the final stage when
h-AlN and c-(Ti,Cr)N are formed. In effect, Cr in (Ti,Al)N has shown
to delay the detrimental effect of h-AlN on the coating’s hardness.
In this study, in-situ high-energy synchrotron x-ray diffraction studies
during annealing have been performed to study the phase evolution
during decomposition of (Ti,Al,Cr)N coatings.

MM 34.16 Tue 18:00 P4
Development and integration of an intelligent detector
for grating based phase-contrast tomography — •Pavel
Lytaev1, Felix Beckmann1, Julia Herzen1, Alexander Hipp1,
Stephan Meyer-Loges1, Joern Plewka1, Andreas Kopmann2,
Michele Caselle2, and Andreas Schreyer1 — 1Helmholtz-
Zentrum Geesthacht, Geesthacht, Germany — 2Karlsruhe Institute
of Technology, Karlsruhe, Germany

Helmholtz-Zentrum Geesthacht (HZG) is operating the microtomog-
raphy stations using synchrotron radiation at DESY, Hamburg. Ab-
sorption contrast and phase contrast techniques were developed and
applied to samples in the fields of medicine, biology, and materials sci-
ence. The present work is devoted to the development of an intelligent
detector with high-speed data capturing for experiments for grating
based phase-contrast imaging. The detector is based on the Ultra-
fast streaming camera platform developed at the Karlsruhe Institute
of Technology (KIT). Characterization (in terms of photon transfer
curve) of some different cameras, such as CMOS and CCD, is pre-
sented. These characteristics are required to optimize the operation
of the detector according to the one or to the other requirements of
processing speed and image quality in the course of phase-contrast
imaging process.The detector will be optimized to its implementation
at the microtomography setups installed at the beamlines IBL and
HEMS of the high brilliant third-generation synchrotron light source
PETRA III.

MM 34.17 Tue 18:00 P4
Band gap measurement of SiC nanowires by Valence EELS —
•Anja Bonatto Minella1,2, Darius Pohl1, Christine Täschner1,
Rolf Erni3, Ludwig Schultz1,2, and Bernd Rellinghaus1 — 1IFW
Dresden, Dresden, Germany — 2TU Dresden, Dresden, Germany —
3Electron Microscopy Center, Empa, Dübendorf, Switzerland

Silicon carbide (SiC) nanowires (NW) of different polytypes have been
prepared by Plasma-Enhanced Chemical Vapour Deposition. Their
formation proceeds simultaneously with the growth of carbon nanofi-
bres (CNF) leading to a heterostructure of SiC-filled CNF. In order to
study the band gap of the SiC the graphitic layers of the CNF have to
be removed by a heat treatment in oxygen atmosphere.

The (direct) band gap measurement is carried out using Valence
Electron Energy Loss Spectroscopy (VEELS). SiC NW are found to
exhibit a large direct band gap of 5.5 eV irrespectively of their poly-
type. Simulations using the optical properties of cubic SiC and DFT
calculations show a similarly large value.

Another feature of the deconvoluted spectrum (after the removal of
the zero loss peak) is the occurrance of energy losses that precede the
onset of the band gap. This is probably caused by retardation losses
or surface states. Possible ways of describing these residual features
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will be discussed, and the value of the band gap will be compared to
reference data.

MM 34.18 Tue 18:00 P4
one-dimensional metal nanowire arrays prepared by hard-
template synthetic method for SERS — •yong-tae kim1, ste-
fan l. schweizer1, and ralf b. wehrspohn1,2 — 1Martin-Luther-
University Halle-Wittenberg, Halle, Germany — 2Fraunhofer Institute
for Mechanics of Materials, Halle, Germany

One-dimensional nanostructures such as nanowire and nanotube arrays
have been intensively investigated due to its novel magnetic and optical
properties depending on dimensional and size reduction. Especially in
case of one-dimensional nanowire arrays with periodic structure, their
applications will be extended to many devices for example biosensors,
photonic crystals, and electro chemical devices. Therefore the fabrica-
tion of one-dimensional nanowire arrays with controlled morphologies
and compositions becomes more important on a large scale.

Metal nanowire arrays with high aspect ratio have been prepared
using a number of techniques including electron beam or focused ion
beam (FIB) lithography, vapor-solid-liquid (VLS) growth process, and
template synthetic method. Among these methods, template synthetic
method is one of most promising one as increasing emphasis is placed
on low cost, high throughput, and ease of production.

In this study, one-dimensional metal nanowire arrays composed of
nickel, silver, and gold with single- or multi-segmented structures have
been fabricated by electrochemical deposition method using AAO hard
template. And these one-dimensional metal nanowire arrays will be es-
timated as highly active surface-enhanced Raman scattering (SERS)
substrates.

MM 34.19 Tue 18:00 P4
Impact of hydrodynamic parameters on the regularity of
self-assembling nanostructures — •Dennis Langenkämper, Ste-
fan Ostendorp, Nina Winkler, Jörn Leuthold, Martin Peter-
lechner, and Gerhard Wilde — Institut für Materialphysik, WWU
Münster, Germany

One promising technique for fabricating large nanostructure arrays is
based on Anodic Aluminium Oxide (AAO) membranes as fabrication
masks or templates. With these structures it is possible to fabricate
large-scale arrays of highly regular surface nano-structures including
nano-particles as well as wires and tubular structures. Thereby AAO
based surface nano-structuring provides an exceptional high through-
put at low fabrication costs. Additionally structural parameters such
as the size, shape and spacing of resulting nanostructures can be tuned
by adjusting the masks’ fabrication parameters. It has been shown
that especially the anodization temperature and the used electrolyte
and its concentration at given anodization voltage determine the prop-
erties and regularity of the AAO membrane. Our work now focuses
on the impact of hydrodynamic fabrication parameters on the struc-
tures’ regularity. Membranes fabricated under different hydrodynamic
conditions varying in laminar and turbulent flow and flux of the re-
spective electrolyte used during anodization have been analyzed by
a computational/graphical method based on Delauney Triangulations
and Voronoi Diagrams applied to high resolution SEM micrographs of
the respective structures.

MM 34.20 Tue 18:00 P4
Core-shell nanoparticles from the gas phase — •Jörg
Pribbenow1,2, Alexander Surrey1,3, Darius Pohl1, Ludwig
Schultz1,3, and Bernd Rellinghaus1 — 1IFW Dresden, D-01069
Dresden, Germany — 2TU Dresden, IfWW, D-01062 Dresden, Ger-
many — 3TU Dresden, Institut für Festkörperphysik, D-01062 Dres-
den, Germany

Core-shell nanoparticles allow for the combination of different mate-
rials for the creation of systems with a wide range of functionalities.
The gas-phase based preparation of such heterogeneous particles is re-
ported here. The cores of the nanoparticles are generated by inert
gas condensation in a high-pressure magnetron sputter source. While
the latter is already well established, the subsequent in-flight coating
of such particles with a second material by linear magnetron sputter-
ing is a rather novel approach. Series of electrostatic lenses provide
for collimation and deceleration of unipolarly charged nanoparticles
in the coating chamber. The present work is focused on the prepara-
tion of particles with a molybdenum or silver core and a copper shell.
Aberration-corrected high-resolution transmission electron microscopy
(HRTEM) is used to investigate the local structure and chemical com-
position. The influence of the electrical field profile on the resulting

core-shell particles will be discussed.

MM 34.21 Tue 18:00 P4
Investigation of Nanoparticle Growth in a Dusty Acetylene
Plasma — •Alexander Hinz1, Erik von Wahl2, Maik Fröhlich2,
Thomas Strunskus1, and Holger Kersten2 — 1CAU zu Kiel, Tech-
nische Fakultät, LS Materialverbunde, Kaiserstraße 2, 24143 Kiel —
2CAU zu Kiel, IEAP, AG Plasmatechnologie, Leibnizstraße 11-19,
24098 Kiel

Dusty plasmas are not only of fundamental interest but also of practi-
cal importance. Formation in plasmas is seen as a new route to prepare
nanoparticles of well defined size and composition. While the particle
formation in silane plasmas is well investigated it is less understood
in acetylene plasmas. In particular the early stages of the particle
growth are not well investigated since they are experimentally inac-
cessible by standard methods like Mie-Scattering. In order to get a
better inside in the early stages of the particle growth a novel collec-
tion method based on neutral drag was tested. Size-distributions of the
nanoparticles at different points of the growth cycle were determined
ex-situ and correlated with in-situ measurement of the bias voltage of
the capacitively-coupled discharge plasma. Additionally, preliminary
experiments employing grazing-incidence small angle X-ray scatter-
ing (GISAXS) were performed ex-situ on the collected carbonaceous
nanoparticles.

MM 34.22 Tue 18:00 P4
Crystalline structure of silver nanowires within a soft tem-
plate — •Egon Steeg, Frank Polzer, Holm Kirmse, Yan Qiao,
Jürgen P. Rabe, and Stefan Kirstein — Institut für Physik,
Humboldt-Universität zu Berlin

The reduction of AgNO3 in the presence of tubular J-aggregates was
used to prepare silver nanowires [1]. These wires are about 7 nm in
diameter and have lengths exceeding micrometers. Within the wires
single crystalline domains with length exceeding 100 nm are found by
means of high resolution transmission electron microscopy (HRTEM).
The structure of these domains is analyzed further by selected area
electron diffraction (SAED) on single nanowires. The resulting diffrac-
tion pattern cannot be explained by the simple silver fcc lattice, al-
though energy-dispersive X-ray spectroscopy on the wires confirms the
chemical composition of silver. Different structure models are dis-
cussed taking into account stacking faults [2], internal strain, and the
formation of silver complexes with organic components.

[1] D.M. Eisele et al., J. Am. Chem. Soc. 132 (2010) 2104.
[2] V. Germain et al., J. Phys. Chem. B, Vol. 107, No. 34, 2003

MM 34.23 Tue 18:00 P4
TEM investigation of segregation phenomena in Nd-Fe-B
nanoparticles — •Frank Schmidt1,2, Darius Pohl1, Ludwig
Schultz1, and Bernd Rellinghaus1 — 1IFW Dresden, Helmholtzstr.
20, D-01069 Dresden, Germany — 2TU Dresden, IFWW, D-01062
Dresden, Germany

Nd2Fe14B is a comparably hard magnetic phase as L10-ordered FePt,
however, with a smaller Curie temperature. Therefore, Nd2Fe14B
nanomagnets could be an interesting materials alternative the widely
discussed L10-FePt in HAMR media. There are different methods
to synthesize Nd2Fe14B nanoparticles, such as chemical methods or
surfactant-assisted ball milling.

The purpose of this study is to investigate free Nd-Fe-B nanopar-
ticles prepared by inert gas condensation and how different thermo-
dynamic conditions affect them. In-flight optical annealing of the
nanoparticles allows to compare unheated particles with heated par-
ticles, which are assumed to be closer to the thermally equilibrated
state. Transmission electron microscopy was used to determine the
atomic structure and chemical composition of the particles. Unheated
particles are found to be mainly amorphous, while rapidly optically
annealed particles are crystalline. We observe both a Nd enrichment
in the shell and a Fe enrichment in the core of the differently treated
particles. This segregation is more pronounced for heated particles,
where a clear core-shell structure is formed that can be explained by
a reduction of the surface energy.

MM 34.24 Tue 18:00 P4
Transport Properties of Single TiO2 Nanotubes — •Markus
Stiller1, Jose Barzola-Quiquia1, Israel Lorite1, Pablo
Esquinazi1, Robin Kirchgeorg2, Sergiu P. Albu2, and Patrik
Schmuki2,3 — 1Division of Superconductivity and Magnetism, In-
stitute for Experimental Physics II, University of Leipzig, D-04103
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Leipzig, Germany — 2Chair for Surface Science and Corrosion De-
partment Material Science and Engineering, University of Erlangen,
D-91058 Erlangen, Germany — 3Department of Chemistry, King Ab-
dulaziz University, Jeddah, Saudi Arabia

We have investigated the electric transport properties of single TiO2

nanotubes separated from an anodic titania nanotube array. The nan-
otubes have been contacted using electron beam lithography and sev-
eral transport properties have been measured. The temperature de-
pendence of the resistance, measured with the conventional four point
method, of all investigated samples, show a Mott variable range hop-
ping behavior. The results obtained with two contacts indicate the
existence of a potential barrier between the Cr/Au contacts and sam-
ples surfaces, which influence is clearly observable for temperatures
less than 150 K. Impedance spectroscopy in the frequency range of
40 Hz to 1 MHz carried out at room temperature, indicates that the
electronic transport of these polycrystalline tubes is dominated by the
grain cores.

MM 34.25 Tue 18:00 P4
Molecular dynamics simulations of morphology transitions
during growth of copper nanoclusters — •Alexey Tal1, E. Pe-
ter Münger1, Nils Brenning2, Iris Pilch1, Ulf Helmersson1, and
Igor Abrikosov1 — 1Linköping University, Linköping, Sweden —
2The Royal Institute of Technology, Stockholm, Sweden

The study of metal nanoclusters has been a subject of intense research
activities in recent years. This is due to their great importance in a
variety of applications. Properties of nanoclusters crucially depend on
growth methods and conditions during the growth. An understanding
of the growth process during the early stages is of particular inter-
est since the morphology of the seeds may determine the structure
of the final large clusters. Morphology transition of the seed should
be treated as a dynamical process, a requirement is met by classical
MD simulations. In principle morphology transition is determined by
both, thermodynamics and kinetics. Thermodynamics tends to min-
imize surface energy and internal stresses. But observations of large
clusters with thermodynamically unfavorable structures suggest that
kinetics also plays an important role. In this study the morphology
transition of clusters at an early stage is considered. The influence of
the angular distributions of incoming particles is determined for Cu
clusters growth from a seed with 147 atoms. It is shown that growth
kinetics crucially affects the morphology transition for small clusters
and forbids transition to a most favorable structure for large clusters.
The temperature distribution inside the cluster during the growth is
calculated and the role of temperature fluctuations is discussed.

MM 34.26 Tue 18:00 P4
Grain Refinement in Ball-Milled Nanocrystalline Iron in De-
pendence of its Oxygen Content — •Marie Trynogga, Chris-
tine Borchers, and Reiner Kirchheim — Institut für Material-
physik, Georg-August-Universität Göttingen, Friedrich-Hund-Platz 1,
37077 Göttingen

Nanocrystalline iron-oxygen alloys with different oxygen contents were
prepared by ball milling of iron and hematite (Fe2O3) powder for 50
hours . The composition was identified using synchrotron diffraction
and atom probe tomography (APT). The samples consist mainly of α-
iron, segregated oxygen and magnetite (Fe3O4). The microstructure
was investigated by X-ray diffraction (XRD), transmission electron mi-
croscopy (TEM) and APT. We observe that the grain size decreases
with increasing oxygen concentration. This is interpreted as a decrease
of the grain boundary energy of iron. To examine thermal stability,
differential scanning calorimetry (DSC) and synchrotron diffraction
measurements were performed in-situ during heating, revealing the
formation of magnetite and grain growth. The nanocrystalline struc-
ture persists at higher temperatures indicating the formation of a grain
boundary phase consisting of magnetite. Above 570◦C the magnetite
partly transforms into wüstite (FeO). We relate our findings to the
results of a previous work studying nanocrystalline iron-carbon alloys
after 100 hours of ball milling [1].

[1] Y.Z. Chen, A. Herz, Y.J. Li, C. Borchers, P. Choi, D. Raabe,
R. Kirchheim, Nanocrystalline Fe-C alloys produced by ball milling of
iron and graphite, Acta Materialia 61:3172-3185, 2013.

MM 34.27 Tue 18:00 P4
Analysis of the pressure dependence of plasticity in nanocrys-
talline Pd90Au10 — •Anja Steinbach, Nicole Fèvre, Christian
Braun, and Rainer Birringer — Universität des Saarlandes, FR 7.2
Experimentalphysik, Campus D2.2, 66123 Saarbrücken

We examine the pressure or normal stress dependence of the mechani-
cal behavior of nanocrystalline Pd90Au10 by utilizing the miniaturized
shear compression specimen (m-SCS) [1]. In this specific testing geom-
etry, the plastic deformation caused by dominant shear stress is con-
fined to the gauge section which is inclined at an angle α (α = 45◦ for
standard geometry) relative to the loading direction. Variations of the
inclination angle allow varying the superimposed hydrostatic pressure
in the gauge section. Based on the experimentally determined force-
displacement diagram, the stress-strain-curve and further parameters
like the hydrostatic pressure are calculated using FEM-simulations.
On this poster we present inclination angle-dependent stress-strain-
curves obtained from inert gas condensed Pd90Au10 samples with a
mean grain size of 10 nm. In agreement with theory [2], we find that
nanocrystalline Pd90Au10 is stronger under pressure.

[1] M. Ames, J. Markmann, R. Birringer, Mater. Sci. Eng. A 528,
526 (2010) [2] A.C. Lund, C.A. Schuh, Acta Mater. 53, 3193 (2005)

MM 34.28 Tue 18:00 P4
Solute content and structural configuration dependent me-
chanical properties of nanocrystalline PdAu alloys — •Nicole
Fèvre, Christian Braun, Michael Deckarm, Jonas Heppe, An-
dreas Leibner, and Rainer Birringer — Universität des Saarlandes,
FR 7.2 Experimentalphysik, Campus D2.2, 66123 Saarbrücken

We investigate elasticity and plasticity of nanocrystalline PdAu by
systematically varying the Au concentration. From calorimetry we
find that grain boundaries in as-prepared specimens manifest non-
equilibrium configurations. Thermal annealing leads to grain bound-
ary relaxation and so local equilibrium configurations are generated.
In particular, we determine high frequency elastic moduli and Vick-
ers hardness for as-prepared and relaxed specimens and discuss the
composition-dependent evolution of strength.

MM 34.29 Tue 18:00 P4
Microstructure, Texture and Properties of severly
twinned copper wires — •Alexander Kauffmann1,2, Jens
Freudenberger1,3, Hansjörg Klauß1, Volker Klemm3, Wol-
fram Schillinger4, V. Subramanya Sarma5, and Ludwig
Schultz1,2 — 1IFW Dresden, P.O. Box 270116, 01171 Dresden,
Germany — 2TU Dresden, Institute of Materials Science, 01062 Dres-
den, Germany — 3TU Bergakademie Freiberg, Institute of Mate-
rials Science, Gustav-Zeuner-Str. 5, 09599 Freiberg, Germany —
4Wieland-Werke AG, Graf-Arco-Stra\ss e 36, 89079 Ulm, Germany
— 5Department of Metallurgical and Materials Engineering, Indian
Institute of Technology Madras, Chennai 600036, India

Due to the a drawing process in liquid nitrogen a drastic refinement
of the microstructure of pure copper can be achieved by the activa-
tion of severe deformation twinning. In order to facilitate and enhance
the refinement process an additional reduction of stacking fault en-
ergy by alloying can be applied. We are presenting the influences of
severe deformation twinning on the microstructure and texture of cop-
per and single-phase copper-aluminium alloys on the one hand and the
mechanical and electrical properties on the other hand.

MM 34.30 Tue 18:00 P4
Ab-initio study of impurities diffusion in copper — •Anton
Bochkarev and Maxim Popov — Materials Center Leoben Forschung
GmbH, A-8700 Leoben, Austria

We present results of an ab initio study of impurity diffusion in bulk
copper. Two types of impurities are investigated: oxygen and alu-
minum. The mechanisms we considered are the interstitial diffusion
and the vacancy-mediated diffusion. To discover the impurity migra-
tion paths describing the elementary diffusion processes we employed
the nudged elastic band (NEB) method. Arrhenius pre-factors were
estimated in the framework of the transition state theory (TST). We
find that oxygen is likely to diffuse through interstitials, whereas alu-
minum prefers vacancy-driven diffusion. The diffusivities obtained in
our work are in reasonable agreement to the available experimental
data.

MM 34.31 Tue 18:00 P4
effect of gap-size on phonon tunneling in Au(111)/vacuum/Au(111)
— •Saeideh Edalati Boostan, Michael Czerner, Michael Bach-
mann, and Christian Heiliger — I. Physikalisches Institut, Justus
Liebig University Giessen, D-35392, Germany

Recent experimental and theoretical investigations have shown that
phonons can transport across vacuum gaps of a few angstroms wide
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which called ”phonon tunneling”[1,2,3]. In this work we perform
ab initio calculations by using abinit software package to get in-
teractions between atoms, which are modeled by spring constants.
These interatomic force constants are used within an Atomistic
Green’s Function (AGF) method to calculate phonon tunneling in
Au(111)/Vacuum/Au(111) system for different gap-sizes.

[1] Igor Altfeder et al., Phys. Rev. Lett. 105, 166101 (2010)
[2] Mika Prunnila and Johanna Meltaus, Phys. Rev. Lett. 105,
125501 (2010)
[3] D. P. Sellan et al., Phys. Rev. B 85, 024118 (2012)

MM 34.32 Tue 18:00 P4
Calculations of Thermal Conductivity across an Interface us-
ing Beam Matching — Debanjan Basu1, •Cynthia Volkert2,
Christian Jooss2, and Peter Bloechl1 — 1Institute for Theoretical
Physics, Clausthal University of Technology — 2Institute for Material
Physics, University of Goettingen

Thermal conductivity is an important factor affecting the efficiency of
thermoelectric devices. Our goal is to explore the thermal transmis-
sion due to phonons in multilayered structures on a mode-by-mode
basis using the Beam Matching Technique. For this purpose, we de-
termine the “complex bandstructure”, which describes propagating as
well as evanescent phonon modes of the individual materials of this
multilayer.We describe how to extract the matching conditions from
the classical equations of motion for the atoms.

MM 34.33 Tue 18:00 P4
Accessing the excitation and relaxation pathways in the ultra-
fast Carrier dynamics of BaSnO3:La perovskite — •Kestutis
Budzinauskas1, Rolf Versteeg1, Matteo Montagnese1, Xuan
Luo2, Sang W. Cheong2,3, and Paul H.M. Van Loosdrecht1 —
1II Physikalisches Institut,University of Cologne, Cologne, Germany
— 2Laboratory of Pohang Emergent Materials and Department of
Physics, Pohang, Korea — 3Rutgers Center for Emergent Materials
and Department of Physics and Astronomy, New Jersey, USA

The Lanthanum doped Barium tin oxide BaSnO3:La is a transpar-
ent conducting oxide (TCO). Unlike other perovskites It shows an ex-
tremely high electron mobility, reaching values up to 320 cm2 V −1 s−1

at room temperature, making it a promising alternative to other more
expensive or unstable TCO’s for applications.
The microscopic mechanisms leading to such high and uncharacteristic
electron mean free paths are not fully understood. We have studied
the non-equilibrium carrier dynamics in the material employing ultra-
fast time-resolved spectroscopy in the visible, near Infrared and THz
range of the optical spectrum. In this way we are able to track and
elucidate the different carrier excitation and relaxation pathways in
this intriguing compound.

MM 34.34 Tue 18:00 P4
Interdiffusion studies of B2 Ni-Al-Si alloys at 1173 K —
•Dandan Liu1,2, Lijun Zhang1, Yong Du1, Sergiy Divinski2, and
Gerhard Wilde2 — 1State Key Laboratory of Powder Metallurgy,
Central South University, Changsha, Hunan, 410083, PR China —
2Institute of Materials Physics, Westfälische-Wilhelms University of
Münster, Wilhelm-Klemm-Str. 10, 48149 Münster, Germany

The knowledge of diffusion is fundamental for the production of B2
NiAl alloys as well as their use in technological applications. In the
present work, Si was added to B2 NiAl alloys, and the interdiffusion of
B2 Ni-Al-Si alloys at 1173 K was investigated via the Matano-Kirkaldy
method by utilizing five groups of bulk diffusion couples and the elec-
tron probe microanalysis technique. The reliability of the obtained
interdiffusivites was validated by thermodynamic constraints as well
as by Fick*s second law applied to a numerical simulation. The re-
sults show that the presently obtained diffusivities can satisfactorily
simulate the measured concentration profiles. Besides, the addition of
Si was found to have different effect on the diffusion of Al in Ni-rich
and nearly stoichiometric NiAl alloys. The possible reasons were in-
terpreted in terms of cross diffusivities, site occupations, and different
diffusion mechanisms. The present work provides valuable information
for understanding diffusion in B2 NiAl-X alloys, where X occupies the
Al sublattice.

MM 34.35 Tue 18:00 P4
Scanning Transmission Electron Tomography on three-
dimensional defects in semiconductor heterostructures —
•Michael Niehle and Achim Trampert — Paul-Drude-Institut für
Festkörperelektronik, Hausvogteiplatz 5-7, 10117 Berlin

Shrinking structures incorporated into opto-electronic devices require
an understanding of structure-property relations on a scale of only
a few nanometers. In this context, the interest in three-dimensional
(3D) structures of crystal defects is growing as their detailed influ-
ence on device functionality has to be considered. The combination of
scanning transmission electron microscopy (STEM) with tomography
allows for an investigation of the defects’ 3D structure on a respec-
tive length scale. We present the application of STEM tomography
on 3D objects embedded in GaSb based semiconductor heterostruc-
tures grown on Si substrates. The unique possibility to characterize
the complex morphology in great detail is demonstrated. Challenges
to apply STEM tomography as a routine tool in materials sciences
are discussed with respect to materials comprising elements with a
rather high atomic number. Strategies to complement investigations
by conventional TEM techniques are sketched.

MM 34.36 Tue 18:00 P4
Lateral Resolved EELS on organic bulk heterojunctions - a
low-dose approach to optimized spatial and energy resolu-
tion in the TEM — •Anne K. Kast1,2,3, Martin Pfannmöller1,
Marco Oster1, Philipp Wachsmuth4, Ralf Hambach4, Gerd
Benner5, Diana Nanova2,3, Robert Lovrincic2,3, Wolfgang
Kowalsky2,3, Ute Kaiser4, and Rasmus R. Schröder1,3 — 1Cryo-
EM, Universitätsklinikum Heidelberg — 2IHF, TU Braunschweig —
3innovationLab GmbH, Heidelberg — 4Materialwissenschaftliche EM,
Uni Ulm — 5Carl Zeiss GmbH, Oberkochen

We implement a novel analytical method using EFTEM which allows
visualizing donor and acceptor materials in organic solar cell thin films
by analyzing electronic excitations features in the optical and plas-
monic energy region. Segmentation by EELS reveals that these carbon
based materials show characteristic optical excitations in energy-loss
spectra. However, the blend materials are very sensitive to radiation
damage, which impedes spatial spectral mapping using EELS in con-
ventional scanning beam mode. We introduce an automated scheme
that exploits the inherent spatial resolution in the EEL spectrum as
it is obtainable from aberration corrected imaging energy filters. It
involves automatic scanning of the image of a slit aperture in the il-
lumination beam path. To eliminate residual image distortion in the
EEL spectrum we apply correction algorithms for quantitative spec-
trum interpretation. Application of such automated laterally resolved
EEL spectroscopy allows spatial mapping of high-resolution spectra in
two dimensions at low-dose conditions.

MM 34.37 Tue 18:00 P4
STEM with focused vortex beams - a route towards lo-
cal EMCD measurements? — •Darius Pohl1, Sebastian
Schneider1,2, Ludwig Schultz1,2, and Bernd Rellinghaus1 —
1IFW Dresden, Institute for Metallic Materials, P.O. Box 270116, D-
01171 Dresden, Germany — 2TU Dresden, Institut fur Festkörper-
physik, D-01062 Dresden, Germany

X-ray magnetic circular dichroism is a well established method to
study element specific magnetic properties of a material, while elec-
tron magnetic circular dichroism (EMCD), which is the electron wave
analogue to XMCD, is scarcely used today. Recently discovered elec-
tron vortex beams, which carry a discrete orbital angular momentum
(OAM) L, are predicted to also reveal dichroic signals. Since electron
beams can be easily focused down to sub-nanometer diameters, this
novel technique provides the possibility to quantitatively determine
local magnetic properties with unrivalled lateral resolution. As the
spiralling wave front of the electron vortex beam has an azimutally
growing phase shift of up to 2π and a phase singularity in its axial
center, specially designed apertures are needed to generate such non-
planar electron waves. We report on the preparation and successful
implementation of spiral apertures into the condenser lens system of
an aberration-corrected FEI Titan3 80-300 transmission electron mi-
croscope (TEM). This setup allows to perform scanning TEM (STEM)
with vortex beams carrying user-selected OAM. First experiments and
simulations on the interaction of the vortex beam with a crystalline
sample will be presented.

MM 34.38 Tue 18:00 P4
Combined experimental and theoretical study showing D1a-
type local order in Ni-Re — •Sascha B. Maisel1, Nils
Schindzielorz1, Alessandro Mottura2, Roger Reed3, and Ste-
fan Müller1 — 1Institute of Advanced Ceramics, TUHH, 21073
Hamburg, Deutschland — 2School of Metallurgy and Materials, Uni-
versity of Birmingham, B15 2TT Edgbaston, United Kingdom —
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3Department of Engineering Science, University of Oxford, OX1 3PJ
Oxford, United Kingdom

Since the 1980s rhenium has been used as an addition to nickel-based
high-temperature superalloys, since even small amounts of rhenium
have a dramatic effect on creep resistance. However, the mechanisms
behind this so-called rhenium-effect are still ill-understood. Using
both experimental and theoretical methods, we show that the cur-
rently known phase diagram is inaccurate, and neglects a stoichiomet-
ric compound at 20 at.% Re Ni4Re. This is expected to affect the mi-
crostructure of Ni-Re alloys, with important ramifications for Ni-based
superalloys. The Ni4Re compound is shown to be stable by means of
quantum mechanical high-throughput calculations at 0K, aided by the
cluster-expansion methods. Monte Carlo simulations show that it is
thermally persistent up to 1100 K when considering configurational en-
tropy. The existence of this compound was experimentally confirmed
using extended x-ray absorption fine spectroscopy on a Ni.97Re.03 al-
loy.

MM 34.39 Tue 18:00 P4
A synchrotron analysis of deformation-induced martensitic
transformation in the as-cast Cu40Co10Zr50 — •Fatemeh
A. Javid1,2, Norbert Mattern1, Jozef Bednarcik3, Mohammad
Siahatgar4, Mihai Stoica1, Simon Pauly1, and Jürgen Eckert1,2

— 1Leibniz Institute for Solid State and Materials Research, Dresden,
Germany — 2Technische Universität, Dresden, Germany — 3DESY,
Forschungsbereich FS, Hamburg, Germany — 4Max-Planck-Institut
für Chemische Physik fester Stoffe, Dresden, Germany

The deformation-induced martensitic transformation in Cu40Co10Zr50
alloy under mechanical load was investigated using a synchrotron X-ray
diffraction. The in-situ compression tests were performed in both track
control and load control modes. The X-ray diffraction results show that
the position of the diffraction peaks shifted to higher q values (recipro-
cal space) and peaks broaden due to increasing of strain. Considering

the phase transformation fractions, the kinetics of phase transforma-
tion was studied in the longitudinal and transversal directions. In the
case of track control test, the measured B2 (Cu,Co)Zr→M(Cu,Co)Zr
transformation fractions indicates a 100% of martensitic transforma-
tion under compression loading and the microstructure consists of
a fully martensitic (Cu,Co)Zr. Whilst upon load control test, the
martensitic transformation occurred > 90%. The changes in the strain
tensor and subsequently the shear components versus applied stress
were studied.

MM 34.40 Tue 18:00 P4
Dependence of accessible undercooling on prior liquid over-
heating by differential fast scanning calorimeter — •Bin
Yang1, John H. Perepezko2, Jürn W. P. Schmelzer1, Yulai
Gao3, and Christoph Schick1 — 1Institute of Physics, Univer-
sity of Rostock, Wismarsche Str. 43-45, 18051 Rostock, Germany
— 2Department of Materials Science and Engineering, University of
Wisconsin-Madison, 1509 University Avenue, Madison, WI 53706,
USA — 3School of Materials Science and Engineering, Shanghai Uni-
versity, Shanghai 200072, P.R. China

The dependence of accessible undercooling on prior overheating of a
pure tin single micron-sized droplet was studied by differential fast
scanning calorimetry (DFSC) with cooling rates from 500 to 10,000
K/s. It is observed experimentally that (i) the degree of undercool-
ing increases first gradually with increasing of prior overheating and
reaches then an undercooling plateau; (ii) the accessible undercooling
increases initially with increasing cooling rate. However, above a cer-
tain cooling rate the accessible undercooling decreases strongly with
increasing cooling rate. For overheating levels above that for the onset
of the undercooling plateau the undercooling increases with increasing
cooling rate. These observed unusual behavior is successfully explained
by heterogeneous nucleation in cavities. This mechanism can possibly
also describe nucleation in other similar rapid solidi*cation processes.

MM 35: Invited Talk (Hauptvortrag) Spatschek

Time: Wednesday 9:30–10:00 Location: BAR 205

Invited Talk MM 35.1 Wed 9:30 BAR 205
From grain boundary premelting to liquid metal embrittle-
ment: A modelling perspective — •Robert Spatschek — Max-
Planck Institut für Eisenforschung, Düsseldorf

The embrittlement of a polycrystalline ductile metal by the attack of a
lower melting point metal is a long-standing problem for many indus-
trial applications, and it has often led to disastrous material failure.
Despite significant progress in understanding, the complexity of mech-
anisms involved and their interplay make a profound comprehension
of this effect very challenging.

In this talk I will focus on a specific aspect of the embrittlement pro-
cess, which is related to the phenomenon of grain boundary premelting.
It allows for the formation of thin liquid films at grain boundaries al-

ready below the bulk melting point, which therefore facilitates fast
transport of alloying components in a polycrystalline material with si-
multaneous reduction of strength. Recent developments of amplitude
equations models allow to address this phenomenon from a theoretical
and modelling perspective, linking continuum aspects of phase forma-
tion with the atomistic features of grain boundaries. This model allows
to explain quantitatively the grain boundary premelting transition in
terms of a short ranged interaction between adjacent solid-melt inter-
faces.

Beyond the analysis of nanoscale equilibria, also the kinetics of the
grain boundary wetting process will be discussed, using a new Green’s
function based description. We find that the short ranged interactions
strongly influence the wetting kinetics in the diffusion-limited regime.

MM 36: Topical Session: Thermodynamics at the nano scale IV - Electrochemistry and strain

Time: Wednesday 10:15–11:45 Location: BAR 205

Topical Talk MM 36.1 Wed 10:15 BAR 205
First-principles prediction of the equilibrium shape of nano
particles under realistic electrochemical conditions — •Nicola
Marzari1 and Nicephore Bonnet2 — 1Theory and Simulations of
Materials, EPFL — 2AIST and University of Tokyo

A first-principles model of the electrochemical double layer is applied
to study surface energies and surface coverage under realistic electro-
chemical conditions and to determine the equilibrium shape of metal
nanoparticles as a function of applied potential. The potential bias is
directly controlled by adding electronic charge to the system, while
total energy calculations and thermodynamic relations are used to
predict electrodeposition curves and changes in surface energies and
coverage. This approach is applied to Pt surfaces subject to hydro-
gen underpotential deposition. The shape of Pt nanoparticles under a
cathodic scan is shown to undergo an octahedric-to-cubic transition,
which is more pronounced in alkaline media due to the interaction

energy of the pH-dependent surface charge with the surface dipole.
References: N. Bonnet and N. Marzari, Phys. Rev. Lett. 110.

086104 (2013).

MM 36.2 Wed 10:45 BAR 205
Calculation of pourbaix diagrams combining DFT and exper-
imental data as descriptor for high-throughput screening —
•Ivano E. Castelli, Kristian S. Thygesen, and Karsten W. Ja-
cobsen — Technical University of Denmark, Kgs. Lyngby, Denmark

Stability is the most important criterion for a material to be used in
any type of application. It is often calculated relative to experimen-
tally known structures in which the candidate material can separate.
This method gives no information about corrosion in water. Stability
in a realistic electrochemical environment can be investigated using
Pourbaix diagrams that combine experimental information, namely
dissolution energies, with computational data from density functional
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theory (DFT) total energies [1].
With this approach, the stability in water of 20 cubic perovskites

previously screened for one-photon water splitting device [2] has been
investigated. These materials are usually stable at pH = 7 and U =
0 V. Oxides and oxyfluorides are also stable at high potential, while
oxynitrides at low potential [3].

Furthermore, the stability in water is efficiently used as a descriptor,
together with size and position of the bandgap, for high-throughput
screening for energy related applications of known materials from the
Materials Project database [4,5].

References [1] K.A. Persson et al., Phys Rev B 85, 235438 (2012).
[2] I.E. Castelli et al., Energy Environ. Sci. 5, 5814 (2012); Energy
Environ. Sci. 5, 9034 (2012). [3] I.E. Castelli et al., Topics in Catalysis
(2013). [4] http://materialsproject.org/ [5] https://cmr.fysik.dtu.dk/

Topical Talk MM 36.3 Wed 11:00 BAR 205
Interface stress effects and critical behavior in nanocrys-
talline materials — •Rainer Birringer — Universität des Saar-
landes, Saarbrücken

We discuss the concept of interface stress in nanocrystalline (nc) ma-
terials made up of grain- and/or phase boundaries. Interface stress is
an inherent property of any interfacial material manifesting solid-solid
or solid-liquid interfaces. In nc metals the stress exerted by interface
stress on the abutting crystallites scales as one over grain size and may
assume values of the order of several GPa in the limit of small grain
sizes. We present data for grain boundary stress in noble metals and
address the issue of interface stress at the Ni-Ag phase boundary.

The critical behavior at the para- to ferromagnetic phase transition
is usually considered not being dependent on the microstructural de-
tails of the system but depends only on the respective universality
class, the dimensionality of the space and the symmetry of the order

parameter. We studied nc Gadolinium to scrutinize whether or not the
randomness and disorder associated with nanocrystallinity may act as
a relevant scaling field and so make the system change its universality
class, derived from the single crystalline state, when approaching the
asymptotic critical regime in the limit of small grain sizes.

MM 36.4 Wed 11:30 BAR 205
Surface excess elasticity in nanostructures: fact or fic-
tion? — •Nadiia Mameka1, Jürgen Markmann1,2, and Jörg
Weissmüller1,2 — 1Helmholtz-Zentrum Geesthacht, Institut für
Werkstoffforschung, Wekrstoffmechanik, Geesthacht, Germany —
2Technische Universität Hamburg-Harburg, Institut für Werkstoff-
physik und -technologie, Hamburg, Germany

Solid surfaces interact with the underlying bulk via a capillary force,
the surface stress, which varies as the solid is strained. This variation
defines a surface excess elastic modulus, which is well documented
in theory. For nanoscale structures, the excess elasticity implies a
size-dependent effective elastic response of the entire structure. While
experimental observations of this phenomenon have been claimed, no
agreement has been reached about magnitude or even sign of the ex-
cess modulus. One may therefore ask if there is a measurable impact
at all. Here, we use experiments with dynamic mechanical analysis
(DMA) on nanoporous gold to probe the issue. We focus on reversible
changes in the elastic response when the surface is electrically charged
or adsorbate monolayers deposited and lifted in electrolyte. The re-
sults reveal a significant variation in macroscopic stiffness. This con-
clusively confirms the important role of the surface excess elasticity
phenomena in materials with large specific surface area. As an exam-
ple, the reversible variation of the elastic modulus in the presence of
weakly binding ClO−4 ions to the Au surface reached up to 10% for a
ligament size of 40 nm in mm-sized samples.

MM 37: Computational Materials Modelling V - Point defects

Time: Wednesday 10:15–11:15 Location: IFW D

MM 37.1 Wed 10:15 IFW D
Solute-vacancy interaction and diffusion of selected elements
in Ni-based superalloys. — •Sergej Schuwalow, Jutta Ro-
gal, and Ralf Drautz — ICAMS, Ruhr-Universität Bochum, 44801
Bochum, Germany

The dependence of high-temperature properties of Ni-based superal-
loys on the alloying additives is a subject of ongoing research. Current
knowledge is mostly phenomenological in nature and the details of so-
lute diffusion, interaction with defects such as interfaces, vacancies,
and dislocations as well as the interplay between composition and mi-
crostructure are not well understood.

In this work we investigate the solute-vacancy interactions and
concentration/temperature-dependent diffusion behavior of selected
alloying elements using a combination of density-functional theory cal-
culations and kinetic Monte Carlo simulations.

Vacancy mobility is found to be only weakly influenced by solute
presence, even for heavy refractory elements such as Re. Diffusion
coefficients calculated by our approach are shown to be in good agree-
ment with both experiment and simpler, but more limited, analytic
models.

MM 37.2 Wed 10:30 IFW D
Effect of Fe and Cu doping on properties of TiNi Alloys —
•Martin Zelený1,2, Xiangqian Yin2, and Xujun Mi2 — 1Institute of
Materials Science and Engineering, NETME Centre, Brno University
of Technology, Brno, Czech Republic — 2General Research Institute
for Nonferrous Metals, Beijing, P. R. China

The effect of Fe and Cu on the martensitic transformation behavior
and mechanical properties of TiNi alloys has been investigated by cal-
culating of the lattice constants and elastic moduli of the B2 phase.
The site preference for both doping elements has been studied as well.
The calculations were performed using the coherent potential approx-
imation implemented within the framework of the exact muffin-tin
orbitals method. Our theoretical results show contraction of the lat-
tice constant of TiNi with increasing concentration of Fe. Added Fe
atoms will always occupy the Ni sublattice even in the alloys where Ti
is in deficiency. On the other hand added Cu atoms will occupy the
sublattice of element in deficiency. This result has been also confirmed

by our XRD measurements.
The calculated elastic constants allow us to predict the martensitic

transformation temperature, because this temperature is correlated
with the C44 elastic constant. The composition dependence of elastic
moduli and stability of B2 structure is discussed on the basis of the
electronic density of states and phonon density of states.

MM 37.3 Wed 10:45 IFW D
Sublattice solubility of transition metals in L12 phases
in Co-based superalloys — •Jörg Koßmann1, Thomas
Hammerschmidt1, Sascha Maisel2, Stefan Müller2, and Ralf
Drautz1 — 1ICAMS, Ruhr-University Bochum, Bochum, Germany
— 2Institute of Advanced Ceramics, Hamburg University of Technol-
ogy, Hamburg, Germany

Superalloys are a class of advanced materials that are used e.g. to cast
turbine blades for aircraft engines because of their good mechanical
stability even at high temperatures. They owe their high-temperature
toughness to hardening by precipitation of γ′ particles (L12 structure)
which coexist with the coherent γ phase (disordered fcc). Since Sato et
al. first observed a L12 phase in the ternary Co-Al-W system, Co-based
materials have been shown to be promising candidates for the next
generation of superalloys. We investigate the solubility of the transi-
tions metals (TM) W, Mo, Cr, Ti, and Ta in L12-Co3(Alx,TM1−x)
with density functional theory calculations. For the description of
the sublattice disorder we use the cluster expansion and special quasi-
random structures. This work is part of the collaborative research
center SFB/TR 103.

MM 37.4 Wed 11:00 IFW D
Vacancies in fcc metals — •Mostafa Mortazavifar and Martin
Oettel — Institut für Angewandte Physik, Eberhard Karls Univer-
sität Tübingen, Tübingen, Germany

Through a cluster expansion of the crystal partition function, we derive
an approximate expression for the equilibrium concentration of ther-
mal vacancies in solids which allows for a transparent interpretation of
the vacancy volume and the energetic/entropic part in the correspond-
ing Gibbs energy of vacancy formation ∆Gv. For the text–book model
crystals made of hard spheres and Lennard–Jones particles very good
agreement with simulation data is found. Application to Ni through
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the embedded–atom method (EAM) reveals a strong sensitivity of the
variation of ∆Gv with temperature to details of the EAM potential
[1]. We propose to use our formula for ∆Gv(T ) in reference calcula-
tions where the needed partition function terms should be evaluated
by quantum density functional theory (qDFT). The results can be em-

ployed in theoretical materials science using ab-initio methods or in
constructing effective classical potentials.

[1] M. Mortazavifar and M. Oettel, Thermal vacancies in close–
packing solids, arXiv:1311.5093 [cond-mat.soft]

MM 38: Structural materials

Time: Wednesday 10:15–11:45 Location: IFW B

MM 38.1 Wed 10:15 IFW B
Relation between thermodynamic stability and stacking fault
energies in Mg alloys: An ab-initio study — •Zongrui
Pei1,2, Li-Fang Zhu1, Martin Friák1, Stefanie Sandlöbes1, Ste-
fan Zaefferer1, Bob Svendsen1,2,3, Dierk Raabe1, and Jörg
Neugebauer1 — 1Max-Planck-Institut für Eisenforschung GmbH,
Düsseldorf, Germany — 2Aachen Institute for Advanced Study in
Computational Engineering Science (AICES), RWTH Aachen Univer-
sity, Germany — 3Faculty of Georesources and Materials Engineering,
RWTH Aachen University, Germany

Pure magnesium and most commercial wrought magnesium alloys ex-
hibit a low room temperature ductility which can be significantly in-
creased by the addition of Y or rare earth (RE) elements (Acta Mater.
59 (2011) 429). Understanding the mechanisms causing this ductility
enhancement on an atomistic and electronic-structure level would pro-
vide a systematic approach to identify alternative favorable solutes.
Therefore, in order to obtain a deeper insight into the mechanisms
active in the Mg-Y and Mg-RE alloys, an ab-initio study of the com-
positional dependence of intrinsic stacking fault (ISF) energies have
been performed. Employing density functional theory (DFT) calcula-
tions, the ISF energies have been determined within the Axial Next-
Nearest-Neighbour Ising (ANNNI) model. An in-depth analysis of the
theoretical data shows reduced ISF energies as a direct consequence of
the dramatically reduced thermodynamic stability of hexagonal Mg-Y
solid solutions when the Y concentration approaches its solubility limit
in Mg (Acta Mater. 60 (2012) 3011).

MM 38.2 Wed 10:30 IFW B
The effect of extreme uniaxial and biaxial loading condi-
tions in transition-metal disilicides: an ab initio study —
Dominik Legut1, •Martin Friák2,3,4, Mojḿır Šob4,3,5, and Jörg
Neugebauer2 — 1Nanotechnology Centre & IT4Innovations, VSB-
Technical University of Ostrava, Ostrava, Czech Republic — 2Max-
Planck-Institut für Eisenforschung GmbH, Düsseldorf, Germany —
3Institute of Physics of Materials, AS CR, v.v.i. Brno, Czech Re-
public — 4Central European Institute of Technology (CEITEC MU),
Masaryk University, Brno, Czech Republic — 5Department of Chem-
istry, Faculty of Science, Masaryk University, Brno, Czech Republic

Transition-metal disilicides constitute a promising basis for a new gen-
eration of high-temperature structural materials that can significantly
improve the thermal efficiency of energy conversion systems and ad-
vanced engines. Although they have been studied quite intensively,
the complexity of their mechanical behavior is still not completely
understood. Employing first-principles (ab initio) calculations of elec-
tronic structure, we investigate the effect of uniaxial loading for dis-
ilicides with hexagonal C40 structure, namely for NbSi2, CrSi2, VSi2
and TaSi2, and compare their behavior with previously studied C11b
structure disilicides. Further, the C40 structure disilicides are sub-
jected to biaxial loading and the values of strains are extended up to
their extreme levels, beyond materials stability limits represented here
by the values of theoretical tensile strength. We find a direct cor-
respondence between the electronic structure characteristics and the
onset of strength instability.

MM 38.3 Wed 10:45 IFW B
High Strength Light-Metal composites — •Juliane
Scharnweber1, Jan Romberg2, Andy Eschke1, Carl-Georg
Oertel1, Tom Marr2, Jens Freudenberger2, Ludwig Schultz2,
Ilya Okulov2, Uta Kühn2, Jürgen Eckert2, and Werner
Skrotzki1 — 1Institut für Strukturphysik, Technische Univer-
sität Dresden, D-01062 Dresden, Germany — 2Leibniz-Institut für
Festkörper- und Werkstoffforschung, D-01171 Dresden, Germany

Ti/Al laminated sheets were produced by accumulative roll bonding
(ARB) at ambient temperature. Intermediate annealing was found to

be suitable to overcome the issue of layer-crossing shear band formation
usually observed for comparable metal combinations. This treatment
resulted in composite sheets of technically relevant size with layer sta-
bility down to thicknesses of about 2 *m. The microstructure and local
texture was characterized by scanning electron microscopy combined
with electron backscatter diffraction, while the global texture was mea-
sured by neutron diffraction. Strength and ductility were measured
in tension. The evolution of microstructure, texture and strength is
described and discussed with regard to number of ARB cycles and
annealing temperature. Additionally, the formation of intermetallic
phases at the interfaces is addressed.

MM 38.4 Wed 11:00 IFW B
Delta’ precipitation in Al-Cu-Li alloys — •Pascal Neibecker1,
Haider Ferdinand1, and Al-Kassab Tala’at2 — 1University of
Augsburg, Augsburg, Germany — 2King Abdullah University of Sci-
ence and Technology, Thuwal, Saudi Arabia

Due to their high strength, high Young’s modulus and low density,
Al-Cu-Li alloys are of special interest in aerospace applications. The
process mainly responsible for the excellent mechanical properties of
these alloys is precipitation hardening. Understanding the microstruc-
ture evolution upon artificial aging of Al-Cu-Li alloys and the cor-
responding underlying mechanisms is thus of great importance. In
mechanically untreated binary Al-Li and ternary Al-Cu-Li alloys with
a high Li content, the major hardening phase is the metastable delta’
(Al3Li) phase which already partly develops during natural aging of
the alloy. The formation mechanism leading to delta’ precipitation
thereby was controversially discussed in the last decades.

This work investigates the kinetics of the delta’ evolution in an Al-
1.7 at. % Cu- 5.6 at. % Li model alloy upon artificial aging at 160
◦C with Differential Scanning Calorimetry and Atom Probe Tomogra-
phy. Here, the volume fraction and size evolution of the delta’ phase
is determined and additionally, by using the Pearson coefficient, quan-
titative statements about Li and Cu ordering in the alloy are made.
The findings give insights into the formation mechanism of the delta’
phase in Al-Cu-Li alloys.

MM 38.5 Wed 11:15 IFW B
High-temperature interactions of liquid aluminum with ti-
tanium diboride ceramic — •Lixia Xi1, Rafal Nowak2, Ivan
Kaban1,3, Bartlomiej Korpala2, Grzegorz Bruzda2, Natalia
Sobczak2, Norbert Mattern1, and Jürgen Eckert1,3 — 1IFW
Dresden, Institute for Complex Materials, P.O. Box 270116, 01171
Dresden, Germany — 2Foundry Research Institute, Center for High-
Temperature Studies, Zakopianska Str. 73, 30-418 Cracow, Poland —
3TU Dresden, Institute of Materials Science, 01062 Dresden, Germany

Temperature-dependent interactions in the liquid Al/TiB2 ceramic
system has been investigated by the sessile drop technique in the tem-
perature range from 700 to 1400 C. The microstructure of the Al/TiB2
interfaces in the solidified couples after sessile drop tests has been char-
acterized by scanning electron microscopy, coupled with an energy-
dispersive X-ray spectroscopy and X-ray diffraction. Up to about 800
C, pure Al exhibits rather poor wetting and a weak reactivity with
TiB2 ceramic; only few titanium aluminide particles were found to be
formed at the interface. Starting from 800 C, the wetting improves
either with time or upon further heating. Above 1000 C liquid Al
completely spreads over the ceramic and penetrates along the TiB2
grain boundaries or into the pores. Al3Ti and Al2O3 were found to
precipitate at the interface.

MM 38.6 Wed 11:30 IFW B
Structural analysis of dissimilar Al-Ti FSW joints — •Roland
Marstatt1, Markus Krutzlinger2, Maximilian Gnedel1, Ferdi-
nand Haider1, and Michael F. Zaeh2 — 1Lehrstuhl fuer Experimen-
talphysik I, Universitaet Augsburg, Augsburg, Germany — 2Institut
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fuer Werkzeugmaschinen und Betriebswissenschaften (iwb), Technis-
che Universitaet Muenchen, Garching, Germany

Friction Stir Welding (FSW) is a suitable technology to join dissimilar
materials. In contrast to fusion welding processes the material does
not exceed the solidus temperature during FSW. As a consequence
high quality joints can be produced with a minimum of deleterious
intermetallic phases. Due to the process conditions, FSW seems to be
a good choice to form dissimilar joints as e.g. between aluminium and
titanium alloys. However, a comprehensive description of the effective
joining mechanisms of friction stir welded dissimilar material joints -

formation of metallic bonds vs. interlocking mechanisms - is still a
subject of research.
In this study first results of the analysis of the effects on the structure
of the weld seam caused by stirring material flow are presented. FSW-
joints of aluminium and titanium alloys in lap joint configuration have
been investigated under varying process conditions. The results seem
to show a transport of Ti into Al, which leads to considerable solid
solution hardening close to the weld seam. But until now, no indica-
tion for the formation of brittle intermetallic phases has been found.
Furthermore, the thermal stability of the joint with possible formation
of intermetallic phases and subsequent embrittlement was studied.

MM 39: Liquid and Amorphous Metals I - Shearbands

Time: Wednesday 10:15–11:30 Location: IFW A

MM 39.1 Wed 10:15 IFW A
Kinetics of single shear bands in Zr-based bulk metal-
lic glasses — •Peter Thurnheer1, Robert Maaß2, Stefan
Pogatscher1, Alireza Saeed-Akbari1, and Jörg F. Löffler1 —
1Laboratory of Metal Physics and Technology, Department of Mate-
rials, ETH Zürich, 8093 Zürich, Switzerland — 2Nanoskalige Materi-
alien, Institut für Materialphysik, Georg-August Universität Göttin-
gen, 37077 Göttingen, Germany

Mechanical properties of bulk metallic glasses are generally assessed by
compression testing. However, quantities such as plasticity or the ma-
terial’s ability to strain-harden are often modified by geometric effects.
These include initiation of constrained shear bands at sample corners
and shear-band arrest at contact points between emerging shear-offsets
and the cross-heads of the machine. To study freely propagating shear
bands, the compression samples are equipped with a small notch, which
promote the initiation of a single, major shear band well off the sample
corners. In this work, we present results on the compositional depen-
dence of single-shear-band dynamics for a set of Zr-based bulk metal-
lic glasses, and review recent theories and experiments on shear-band
propagation modes.

MM 39.2 Wed 10:30 IFW A
Mechanical analysis of amorphous solids with large amplitude
oscillatory spectroscopy (LAOS) — •Stefanie Finkhäuser1,
Ranko Richert2, Carsten Mahn1, and Konrad Samwer1 —
11.Physikalisches Institut, Georg-August Universität Göttingen —
2Department of Chemistry & Biochemistry, Arizona State University

In the presence of mechanical fields, glassy materials are known to re-
veal many interesting phenomena. One of them is a crossover from a
linear behavior in stress-strain dependency to a nonlinear behavior. To
investigate this crossover in detail, we use dynamic mechanical exci-
tation with large amplitudes. The sample is excited with a sinusoidal
stress whose amplitude is large enough to lead to nonlinear strain-
responses. The Fourier-analysis of these nonlinear responses contains
higher harmonic contributions. These can give further insight into
interactions among local plastic events, which lead to the nonlinear re-
sponse. By switching between large amplitudes and small amplitudes
which give a linear strain-response, the time dependence of these in-
teractions is investigated. We will show results on PMMA and bulk
metallic glasses.

Financial support by the DFG SFB 937 is thankfully acknowledged.

MM 39.3 Wed 10:45 IFW A
Diffusion in shear bands of a Pd40Ni40P20 bulk metal-
lic glass — •Isabelle Binkowski, Sergiy V. Divinski, and Ger-
hard Wilde — 1- Institut für Materialphysik, Universität Münster,
Wilhelm-Klemm-Str. 10, D-48149 Münster, Germany

Bulk metallic glasses feature beneficial properties which are promis-
ing for applications, because of which they have received increasing
attention. Metallic glasses exhibit mechanical properties such as high
strength and hardness, however, this advantage is impeded by the

fact that their plasticity appears to be extremely limited. The plas-
tic deformation is localized in thin regions, called shear bands, with
widths from 10nm to 50 nm, whose extension lead to catastrophic fail-
ure. Despite their obvious importance, there exist several open issues
concerning the initiation, propagation, kinetics and general compre-
hension of shear banding. In the present study, the characteristics
of shear bands in a Pd40Ni40P20 bulk metallic glass are investigated
more precisely utilizing the radiotracer technique to measure atomic
transport in shear bands. Additionally, combining these experimen-
tal results with calorimetric measurements should get insight into the
time-dependence and the impact of structural changes on diffusion.

MM 39.4 Wed 11:00 IFW A
Elastic Susceptibility measurements of Zr-based Bulk Metal-
lic Glass at Ultra Low Temperatures — •Marius Hempel,
Andreas Reiser, Andreas Fleischmann, and Christian Enss —
Kirchhoff-Institut für Physik, Im Neuenheimer Feld 227, 69120 Hei-
delberg

Many low temperature properties of glasses can be described by the
standard tunnelling model. Dielectric and metallic glasses in the super-
conducting state far below TC ought to yield similar results since their
behaviour is solely governed by interactions between tunnelling sys-
tems and phonons in the absence of conduction electrons. We present
experimental results of both temperature and frequency dependence
of the internal friction and sound velocity of the bulk metallic glass
Zr55Cu30Al10Ni5 which differ systematically from predictions. In
particular, the observed temperature dependency of the internal fric-
tion is significantly weaker than predicted by the standard tunnelling
model, but agrees reasonably well with the behaviour of thin ribbon
samples of metallic glasses reported by other authors.

MM 39.5 Wed 11:15 IFW A
Boson peak in the heat capacity of severely deformed metal-
lic glass — Jonas Bünz1, •Tobias Brink2, Koichi Tsuchiya3, Ger-
hard Wilde1, and Karsten Albe2 — 1Institut für Materialphysik,
Westfälische Wilhelms-Universität Münster, Germany — 2Institut für
Materialwissenschaft, Technische Universität Darmstadt, Germany —
3National Institute of Materials Science, Sengen, Tsukuba, Japan

Heat capacity measurements on amorphous materials reveal an addi-
tional contribution to the low temperature heat capacity compared
to crystalline materials. This so called boson peak, which is due to
additional vibrational modes, appears as an excess heat capacity com-
pared to the Debye T 3-law. We show the influence of deformation and
annealing on the boson peak of Cu-Zr-based metallic glass using dif-
ferential scanning calorimetry. To elucidate the origin of the changes
of boson peak intensity, we utilize molecular dynamics computer simu-
lations and the harmonic approximation. The results indicate that the
emergence of shear bands and their gradual relaxation upon annealing
strongly influence the intensity of the boson peak for the whole sam-
ple. Moreover, the annealing experiments also give new insights into
the thermal relaxation behavior of shear bands in metallic glasses.
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MM 40: Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium
Phenomena at the Nano-scale IV (O with HL/TT/MM)

Time: Wednesday 10:30–13:15 Location: TRE Ma

Topical Talk MM 40.1 Wed 10:30 TRE Ma
From Rydberg Crystals to Bound Magnons - Probing the
Non-Equilibrium Dynamics of Ultracold Atoms in Optical
Lattices — •Immanuel Bloch — Max-Planck Institut für Quan-
tenoptik, Garching, Germany — Ludwig-Maximilians-Universität,
Munich, Germany

Ultracold atoms in optical lattice form an ideal testbed to probe the
non-equilibrium dynamics of quantum many-body systems. In par-
ticular recent high-resolution imaging and control techniques allow to
probe dynamically evolving non-local correlations in an unprecedented
way. As an example, I will focus in my talk on the dynamical excita-
tion of spatially ordered Rydberg structures that are formed through
laser exctiation from ground state Mott insulating atoms. In addition,
I will show how single-spin and spin-pair impuritites can be used to
directly reveal polaron dynamics in a strongy interacting superfluid or
the bound state of two magnons in a Heisenberg ferromagnet - a prob-
lem discussed first theoretically more than 80 years ago by H.A. Bethe.
New atom interferometric schemes to directly probe the Green’s func-
tion of a many-body system through the impurity dynamics will be
discussed.

MM 40.2 Wed 11:00 TRE Ma
Correlated Light-Matter Interactions in Cavity QED —
•Johannes Flick1, Heiko Appel1, and Angel Rubio1,2 — 1Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany —
2NanoBio Spectroscopy group and ETSF, Universidad del Páıs Vasco,
San Sebastián, Spain

In the electronic structure community, the quantized nature of the
electrons is usually (approximately) incorporated, whereas the electro-
magnetic field is mostly treated classically. In contrast, in quantum
optics, matter is typically simplified to models with a few levels, while
the quantized nature of light is fully explored. In this work, we aim at
treating both, matter and light, on an equal quantized footing.
We present exact solutions for fully quantized prototype systems con-
sisting of atoms or molecules placed in optical one- or two-dimensional
high-Q cavities and coupled to the quantized electromagnetic modes
in the dipole or quadrupole coupling regime. We focus on spontaneous
emission, strong-coupling phenomena, dipole-dipole couplings includ-
ing van-der-Waals interactions, and Förster resonance energy transfer
(FRET), all beyond the rotating-wave approximation.
This work has implications for a future development of a time-
dependent density functional theory formulation of QED [1,2] for cor-
related multi-photon configurations.

[1] M. Ruggenthaler, F. Mackenroth, and D. Bauer, Phys. Rev. A 84,
042107 (2011).
[2] I. Tolkatly, Phys. Rev. Lett. 110, 233001 (2013).

MM 40.3 Wed 11:15 TRE Ma
Optimized effective potential approach to time-dependent
density functional theory for many-electron systems inter-
acting with cavity photons — •Camilla Pellegrini1, Johannes
Flick2, Heiko Appel2, Ilya V. Tokatly1,3, and Angel Rubio1,2

— 1Nano-bio Spectroscopy Group and ETSF Scientific Development
Centre, Departamento de F́ısica de Materiales, Universidad del Páıs
Vasco UPV/EHU, E-20018 San Sebast́ıan, Spain — 2Fritz-Haber In-
stitut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin,
Germany — 3IKERBASQUE, Bilbao, Spain

In a recent paper [1] time dependent density functional theory has
been generalized to many-electron systems strongly coupled to quan-
tum electromagnetic modes of a microcavity. Here we construct an
approximation for the corresponding exchange-correlation (xc) poten-
tial by extending the optimized effective potential (OEP) method to
the electron-photon system. The derivation of the OEP equation em-
ploying the non-equilibrium Green’s function formalism, and the first
order approximation for the electronic self-energy is presented. Beyond
the mean field level, the electron-photon coupling generates a time
non-local photon-mediated interaction between the electrons, whose
propagator enters the exchange-like diagram. We further show the ap-
proximated xc-potential for a model two-level diatomic molecule with
one electron coupled to photon modes. The comparison between the

obtained results and the exact numerical ones in the different coupling
regimes (from weak up to ultra-strong) is discussed. [1] I.V. Tokatly,
Phys. Rev. Lett. 110, 233001(2013)

MM 40.4 Wed 11:30 TRE Ma
Correlated photon-electron wavefunctions in cavity Quan-
tum Electrodynamics — •Heiko Appel1, Johannes Flick1,
Rene Jestaedt1, and Angel Rubio1,2 — 1Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Berlin, Germany — 2NanoBio Spectroscopy
group and ETSF, Universidad del Páıs Vasco, San Sebastián, Spain

Experimental progress in recent years has enabled the fabrication of
Fabry-Perot resonators with high optical quality factors (high-Q).
Such cavities allow to study the interaction of matter with a quan-
tized light field at the single-photon level (Nobel prize 2012). In this
talk we present the real-time evolution of correlated photon-electron
wavefunctions in optical one- and two-dimensional high-Q cavities.
We discuss implications for a multi-component density functional the-
ory for Quantum Electrodynamics [1,2] based on the time-dependent
electron density and the photon energy density.
[1] M. Ruggenthaler, F. Mackenroth, and D. Bauer, Phys. Rev. A 84,
042107 (2011).
[2] I. Tolkatly, Phys. Rev. Lett. 110, 233001 (2013).

MM 40.5 Wed 11:45 TRE Ma
Photoelectron driven plasmaron excitations in
(2x2)K/Graphite — •Bo Hellsing — Department of Physics,
Gothenburg University, Sweden

A new type of plasmarons formed by the compound of photoelec- trons
and acoustic surface plasmon (ASP) excitations is investigated in the
system p(2 * 2)-K/Graphite. The physics behind these types of plas-
marons, e-plasmarons, is different from the ones re- cently found in
graphene and quantum well systems, where the loss features results
from the photohole-plasmon interaction in the material, h-plasmarons.
Based on the first principles scheme, Time dependent density func-
tional (TDDFT), we calculated the linear response due to the presence
of the escaping photo-electron and determine the ASP dispersion. The
coupling between the photoelectron and the ASP gives rise to excita-
tion of the e- plasmarons manifested by a broad dispersive feature
shifted about 0.5 eV below parabolic K induced quantum well band
(QWB) in agreement with the ARPES experiment by Agdal et al.
The e-plasmarons should be considered as a source of the loss satellite
structure in ARPES for 2D systems. In addition they are important to
take into account in theoretical studies of different compounds as they
reflect an additional channel for excitations of plasmons. This could
then increase the photon-plasmon conversion yield which obviously is
of interest in the field of plasmonics.

MM 40.6 Wed 12:00 TRE Ma
Charge-transfer excitations in organic systems from many-
body perturbation theory — •Xavier Blase1, Carina Faber1,2,
Paul Boulanger1, Claudio Attaccalite1, and Ivan Duchemin2 —
1Institut Néel, CNRS and UJF, Grenoble, France — 2L SIM/INAC,
CEA, Grenoble, France

Charge-transfer excitations in organic systems lies at the heart of a
large variety of physical phenomena, from photosynthesis to photo-
voltaics, photocatalysis or DNA denaturation. From a theoretical
point of view, such nonlocal excitations are well known to lead to
difficulties within the TDDFT framework, leading to the development
of range-separated hybrids. We present here the merits of the Bethe-
Salpeter formalism and demonstrate its ability to reproduce *cold*
and *hot* Frenkel or charge-transfer excitations with remarkable ac-
curacy [1-3]. Our calculations are based on a recent Gaussian basis
implementation of the GW and Bethe-Salpeter formalism, the Fiesta
initiative [1-4], allowing all-electron or pseudopotential excited states
calculations for systems comprising several hundred atoms. Recent
developments towards discrete and continuous embedding techniques
within the many-body perturbation framework will be presented.

References: [1] C. Faber, I. Duchemin, T. Deutsch, X. Blase, Phys.
Rev. B, 86, 155315 (2012). [2] I. Duchemin, T. Deutsch, X. Blase,
Phys. Rev. Lett. 109, 167801 (2012). [3] I. Duchemin and X. Blase,
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Phys. Rev. B 87, 245412 (2013). [4] X. Blase, C. Attaccalite, V.
Olevano, Phys. Rev. B 83, 115103 (2011).

MM 40.7 Wed 12:15 TRE Ma
Charge transfer from first principles: self-consistent GW
applied to donor-acceptor systems — •Fabio Caruso1,2, Vik-
tor Atalla1, Angel Rubio1,3, Matthias Scheffler1, and Patrick
Rinke1 — 1Fritz Haber Institute, Berlin, Germany — 2University of
Oxford, UK — 3Universidad del Páıs Vasco, San Sebastián, Spain

Charge transfer in donor-acceptor systems (DAS) is determined by
the relative alignment between the frontier orbitals of the donor and
the acceptor. Semi-local approximations to density functional the-
ory (DFT) may give a qualitatively wrong level alignment in DAS,
if the ionisation potential of one molecule erroneously ends up above
the electron affinity of the other. An unphysical fractional electron
transfer will then result in weakly interacting DAS [1]. GW calcu-
lations based on first-order perturbation theory (G0W0) correct the
level alignment. However, the ground state is unaffected by the G0W0

approach, and the charge-transfer properties remain on the level of the
initial DFT calculation [1]. We demonstrate that self-consistent GW
(scGW ) – based on the iterative solution of the Dyson’s equation –
provides an ideal framework for the description of charge transfer in
DAS. The scGW level alignment is in agreement with experimental
reference data. In addition ground- and excited-state properties are
described at the same level of theory. As a result, the electron density
in DAS is consistent with the level alignment between donor and ac-
ceptor, leading to a qualitatively correct description of charge-transfer
properties.

[1] V. Atalla, M. Yoon, F. Caruso, P. Rinke, and M. Scheffler,
Phys. Rev. B 88, 165122 (2013).

MM 40.8 Wed 12:30 TRE Ma
What Koopmans’ compliant orbital-density dependent func-
tionals can do for you: a comprehensive benchmark of
the G2-set — •Giovanni Borghi1, Ngoc Linh Nguyen1, Andrea
Ferretti2, Ismaila Dabo3, and Nicola Marzari1 — 1École Poly-
technique Fédérale de Lausanne, Lausanne (VD), CH — 2Centro S3,
CNR–NANO, Modena, IT — 3Department of Materials Science and
Engineering, Penn State University, University Park (PA), USA

In this talk we present the results of benchmark calculations of the
structure and electronic-structure of all molecules in the g2 set, using
different flavours for Koopmans’ compliant (KC) functionals. Results
are compared not only to LDA and PBE, but also to orbital-density
dependent calculations with the Perdew-Zunger self-interaction correc-
tion.

Our results assess the accuracy of Koopmans’ compliant functionals
in improving semilocal functionals to predict electronic eigenvalues and
in particular ionization energies, with an accuracy that for molecules
seems to be comparable or superior to that of many-body (GW) ap-
proaches. We also highlight how the Koopmans’ condition tends to
preserve the potential energy surface of the underlying functional, with
higher reliability than e.g. PBE in structural predictions, while also
providing good estimates of atomization energies.

The talk will also provide a general introduction to the theory of
Koopmans’ compliant functionals and their implementation in exist-
ing electronic structure codes.

Ref. Dabo et al., PRB 82, 115121 (2010), and Psik highlight (2012).

MM 40.9 Wed 12:45 TRE Ma
The electronic structure of quinacridone: Optimally tuned
range-separated hybrid functional versus GW results —
Daniel Lüftner1, Sivan Refaely-Abramson2, Michael Pachler1,
Michael G. Ramsey1, Leeor Kronik2, and •Peter Puschnig1

— 1Institut für Physik, Karl-Franzens-Universität Graz, Austria —
2Department of Materials and Interfaces, Weizmann Institute of Sci-
ence, Israel

Quinacridone is an organic molecule (C20H12N2O2) utilized in the
formation of organic pigments. It has also been discussed for usage
in organic electronics particularly due to its stability under ambient
conditions and its tendency to form self-assembled supramolecular net-
works. Here, we report on its electronic structure, both, for the isolated
molecule as well as for the alpha- and beta- bulk molecular crystal
polymorphs. We employ an optimally tuned range-separated hybrid
functional (OT-RSH) within density functional theory as well as GW
corrections within a many-body perturbation theory framework. A
comparison of the theoretical results obtained with the different levels
of theory and a subsequent comparison with experimental data from
angle-resolved photoemission spectroscopy emphasize the need for go-
ing beyond simple semi-local DFT-functionals in order to obtain the
correct orbital ordering. Furthermore the comparison indicates that
the results obtained with OT-RSH greatly improve those of standard
DFT functionals and achieve an agreement with experiment at the
level of GW calculations, thus making the OT-RSH an alternative to
the computationally more expensive GW approach.

MM 40.10 Wed 13:00 TRE Ma
GW many-body perturbation theory for electron-phonon
coupling calculations — •Carina Faber1,2, Paul Boulanger1,
Ivan Duchemin1,2, and Xavier Blase1 — 1Institut Néel, CNRS,
Grenoble, France — 2INAC, CEA, Grenoble, France

We study within many-body perturbation theory the electron-phonon
coupling in organic systems, taking as paradigmatic examples the
fullerene molecule and the pentacene crystal [1,2]. We show that the
strength of the electron-phonon coupling potential is dramatically un-
derestimated at the LDA level, while GW calculations offer an ex-
cellent agreement with experiments [1]. Further, combining GW cal-
culations of the electronic band structure and of the electron-phonon
coupling in crystalline pentacene, we show that the hole bands dis-
persion can be reconciled with photoemission experiments, by solving
non-perturbatively (DMFT) the effect of electron-phonon coupling on
the electronic self-energy [2]. We finally explore various approxima-
tions that may allow to combine the GW formalism with convenient
linear response formalisms beyond the frozen-phonon techniques. Our
calculations are performed with the Fiesta package, a Gaussian based
GW and Bethe-Salpeter code allowing all-electron or pseudopoten-
tial calculations with various resolution of the identity techniques and
without any plasmon pole approximation [3,4].

[1] C. Faber et al., Phys. Rev. B 84, 155104 (2011) [2] S. Ciuchi et
al., Phys. Rev. Lett. 108, 256401 (2012) [3] C. Faber, I. Duchemin, T.
Deutsch, X. Blase, Phys. Rev. B, 86, 155315 (2012). [4] I. Duchemin,
T. Deutsch, X. Blase, Phys. Rev. Lett. 109, 167801 (2012).
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MM 41: Computational Materials Modelling VI - Dislocations

Time: Wednesday 11:30–13:00 Location: IFW D

MM 41.1 Wed 11:30 IFW D
Dislocation mediated diffusion mechanisms of carbon in α-
iron — •Gh.Ali Nematollahi, Blazej Grabowski, Dierk Raabe,
and Jörg Neugebauer — Max-Planck Institut für Eisenforschung,
D-40237 Düsseldorf, Germany

Experimental observations have revealed that dislocations can provide
”diffusion short circuits”, i.e., impurities can use the distorted lattice
around dislocations to diffuse faster than in the perfect bulk region.
This phenomenon is usually referred to as pipe diffusion. These ac-
celerated diffusion paths help to redistribute impurities faster, espe-
cially in heavily deformed materials that contain high dislocation den-
sities. This has important consequences e.g. for carbon redistribution
in severely deformed pearlite - a steel with the highest strength among
nanostructured materials. In the present study, empirical potentials
in conjunction with the nudged elastic band method are used to study
carbon diffusion in the vicinity of edge, screw and mixed dislocation in
bcc iron. Our results show that there are low carbon diffusion barriers
of *0.2 eV (vs. 0.8 eV in bulk) for all three dislocation types. For
edge dislocations the results are not fully conclusive as it is technically
difficult to stabilize such a dislocation due to the low Peierls barrier.
For screw dislocations the low diffusion barrier is perpendicular to the
dislocation line prohibiting pipe diffusion. Finally, for mixed disloca-
tions, the low diffusion barrier is parallel with the dislocation line and
is the only type that explains the experimentally proposed accelerated
short circuit diffusion.

MM 41.2 Wed 11:45 IFW D
Effects of carbon interstitials on Fe dislocation core mobility
using atomistic-continuum coupling — •Karthikeyan Chock-
alingam, Rebecca Janisch, and Alexander Hartmaier — ICAMS,
Ruhr-Universität Bochum, Universitätsstr. 150, Bochum, Nordrhein-
Westfalen 44801

Besides iron, carbon is the most significant alloying element in steel.
It has been observed that carbon segregates to dislocation cores to
form so-called Cottrell clouds. This is energetically favorable due to
the low solubility of C in the iron matrix and the release of strain at
the dislocation core. The carbon clouds pin the dislocations, resulting
in an increase in yield strength. To better understand the influence
of carbon on dislocation core mobility, its influence on edge and screw
dislocation was investigated. We found that the relative increase in
critical stress is higher for an edge dislocation than for a screw dislo-
cation.

For this analysis we implemented an atomistic-continuum framework
in which the dislocation core is modeled atomistically, and the material
away from the dislocation a core is described in a continuum-elasticity
finite-element approach. Thus, the atomistic domain is restricted to
a small region around the core, resulting in a significant reduction of
the number of atoms required to model a dislocation. Initially we use
an embedded atom method (EAM) type potential for the interatomic
interactions, but the coupled framework is not limited to a particular
choice of interaction and can also be used in combination with ab-initio
methods.

MM 41.3 Wed 12:00 IFW D
Understanding H-embrittlement on the atomic scale: Mul-
tiscale modeling of homogenous dislocation nucleation —
•Gerard Leyson, Blazej Grabowski, and Jörg Neugebauer —
Max-Planck-Straße 1, 40237 Düsseldorf, Germany

Hydrogen enhanced local plasticity (HELP) is one of the proposed
mechanisms by which hydrogen induces embrittlement in metals. A
promising methodology to explore the HELP mechanism is through
nano-indentation experiments, wherein the effect of hydrogen on the
pop-in load is precisely measured. Using the Ni-H system as a model
system, an analytic model is developed to quantify the effect of hydro-
gen on the Homogenous Dislocation Nucleation (HDN) assumed to be
responsible for the reduction of the pop-in load. The model takes atom-
isitic inputs, such as hydrogen-hydrogen interaction and the effect of
realistic dislocation cores, into account. The hydrogen binding energy
and the local hydrogen concentration were calculated self-consistently.
Unlike previous analyses, the model takes into account the complex
nature of the dislocation field around the loops, as well as the discrete
nature of the atomic lattice. In doing so, it addresses some short-

comings of previous models stemming from the continuum description
of the dislocation line energy and the interaction of the dislocation
with the external stress field. The onset of HDN as a function of bulk
hydrogen concentration and temperature was quantified. Our results
show that about 10-100 H atoms are sufficient to stabilize a disloca-
tion loop in the presence of realistic shear stresses and allows for a
quantitative description of the experimentally observed pop-in effects.

MM 41.4 Wed 12:15 IFW D
Metadislocation core structure in the ε-Al-Pd-Mn phases —
Benjamin Frigan and •Hans-Rainer Trebin — Institut für Theo-
retische und Angewandte Physik, Universität Stuttgart, Germany

In the past we have energy optimized the bulk structures of the ε-
phases and the 16 Å decagonal phase of Al-Pd-Mn using density func-
tional theory (DFT) and classical molecular dynamics. All phases
consist of columns of pseudo-Mackay icosahedra (PMI) whose projec-
tions form tilings of hexagons, pentagons and nonagons in the ε-phases
and several other tiles in the decagonal phase.

Most parts of the metadislocation cores in the ε-phases display the
same cluster arrangements as in the bulk phases. Nevertheless, in
small sections of the cores the usual cluster description fails. Recent
microscopy images indicate that the central parts contain 1/τ shorter
PMI-PMI next-neighbor distances. The structure of these novel cluster
intersections has been resolved with DFT calculations using the small-
est possible approximant which contains such interpenetrating PMI
clusters.

We present a full structure description of the metadislocation cores
F3 and F5. Embedded in bulk structures of ε-phases the cores have
been relaxed using a combination of classical molecular dynamics and
a Monte Carlo method where the chemical species were randomly
flipped.

MM 41.5 Wed 12:30 IFW D
Dislocation – grain boundary interactions in aluminum:
insights from atomistic simulations on bi-crystalline and
nanocrystalline samples — •Julien Guénolé, Aruna Prakash,
and Erik Bitzek — Department of Materials Science and Engineer-
ing, Institute I: General Materials Properties, Friedrich-Alexander-
Universität Erlangen-Nürnberg (FAU), Erlangen, Germany

The interactions between dislocations and grain boundaries (GB) are
a dominating factor in the plasticity of nanocrystalline metals. Atom-
istic simulations have played a key role in improving our understanding
of the atomic scale processes that govern dislocation–GB interactions.
However, most studies so far have been performed on either quasi-
2D bicrystal set-ups with straight dislocation lines or on unrealistic
nanocrystalline samples generated by Voronoi tessaltation. In both
cases, the dislocations interact with planar GBs.

Here, we present results of controlled studies on dislocations inter-
acting with GBs in model bi-crystalline samples as well as in more
realistic nanocrystalline samples. The deposition process of curved
dislocations is compared to the absorption of straight dislocations in
a quasi-2D set-up. In addition, the stress-signature of the absorbed
dislocation is analyzed. The results are compared with the absorption
and pinning of dislocations at curved and planar GBs in nanocrys-
talline samples with controlled GB network topology. A primary aim
of the current study is to provide a better understanding of the role of
absorbed dislocation content in the GB on the pinning and nucleation
of other dislocations.

MM 41.6 Wed 12:45 IFW D
Atomistic Simulations of Dislocation-Interface Interactions
in the γ/γ′ Microstructure in Ni-based Superalloys — •Juan
Wang, Julien Guénolé, Aruna Prakash, and Erik Bitzek — De-
partment of Materials Science and Engineering, Friedrich-Alexander-
Universität Erlangen-Nürnberg (FAU)

Single crystalline Ni-base superalloys are key materials for turbine
blades in modern gas turbines. The microstructure of these alloys
consist of cubic γ′ precipitates of Ni3Al in the L12 crystal structure
embedded in a γ-matrix of fcc Ni. The interaction of dislocations in
the γ channels with the γ′ precipitates is a main factor for the supe-
rior strength of these alloys even at high temperatures. The cutting of
the dislocations from the γ channels into the precipitates is governed
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by processes at the atomic scale. However, only few atomistic simu-
lations of the dislocation behavior at the γ/γ′- interface have so far
been performed. Here we report on a detailed study of screw and 60◦

dislocations interacting with a planar γ/γ′-interphase boundary in a
quasi-two dimensional set-up. Static calculations as well as molecular
dynamic calculations were performed to determine the critical pene-
tration stress and to study the interaction of the channel dislocations

with the misfit dislocation network. In addition, the interaction of dis-
locations with a curved interphase boundary was studied in a fully 3D
set-up modeling an experimental microstructure obtained by 3D Atom
Probe Tomography. The results of the simulations are discussed in the
framework of a multiscale modeling approach to study the mechanical
behavior and stability of Ni-based superalloys.

MM 42: Electron Microscopy II - Advances in characterisation

Time: Wednesday 12:00–13:00 Location: IFW B

MM 42.1 Wed 12:00 IFW B
High-Energy Plasmons in MoS2 and graphene heterostruc-
tures — •Michael Mohn1, Ralf Hambach1, Philipp Wachsmuth1,
Gerd Benner2, and Ute Kaiser1 — 1Electron Microscopy Group
of Materials Science, Ulm University, 89081 Ulm, Germany — 2Carl
Zeiss Microscopy GmbH, 74447 Oberkochen, Germany

We investigate high-energy plasmons using momentum-resolved elec-
tron energy-loss spectroscopy and ab-initio calculations for molybde-
num disulfide (MoS2) mono- and multilayers and MoS2-graphene het-
erostructures.

Energy-loss spectra up to 50 eV have been obtained using a Zeiss Li-
bra 200 based low-voltage transmission electron microscope (SALVE
I [1]) with an in-column energy filter. The plasmon dispersion has
been studied for momentum transfers along different crystallographic
axes within the Brillouin zone. Ab-initio calculations have been per-
formed with density functional theory (DFT) and linear-response time-
dependent DFT using ABINIT and the dp-code [2,3]. By direct com-
parison of experimental spectra and ab-initio calculations, we address
the following questions:

(i) How do high-energy plasmons in MoS2 monolayers and multi-
layers behave for different momentum transfer? (ii) How do electron-
energy loss spectra of MoS2-graphene heterostructures differ from the
spectra of the bare monolayers?

[1] Kaiser et al., Ultramicroscopy 111, 1246 (2011)
[2] Gonze et al., Comp. Mat. Sci. 25, 478 (2002)
[3] Olevano, Reining, Sottile, http://www.dp-code.org (1998)

MM 42.2 Wed 12:15 IFW B
Feasibility study of using electron vortices for the measure-
ment of electron magnetic circular dichroism (EMCD) —
•Sebastian Schneider1,2, Darius Pohl1, Ludwig Schultz1,2, and
Bernd Rellinghaus1 — 1IFW Dresden, Institute for Metallic Mate-
rials, P.O. Box 270116, D-01171 Dresden, Germany — 2TU Dresden,
Institut fur Festkörperphysik, D-01062 Dresden, Germany

EMCD, which is the electron wave analogue of X-ray magnetic circular
dichroism (XMCD), offers the possibility to study magnetic properties
on the nanoscale in a transmission electron microscope (TEM). Re-
cently discovered electron vortex beams, which carry an orbital angu-
lar momentum, are assumed to show comparable dichroic signals. This
study is focused on the feasibility of this newly discovered method.
Dichroic signals on the L2 and L3 edges of 3d transition metals are
expected to be of the order of only 5%. In order to measure such small
intensity changes in the electron energy loss (EEL) spectra, a proper
microscope alignment, highly stable samples, and a high signal-to-
noise-ratio of the EEL spectra are indispensable. Neglecting any of
these preconditions will easily lead to artifacts showing a mime of a
dichroic signal already in the raw data of the EELS spectra. Different
types of magnetic samples are investigated and probed for the appear-
ance of a dichroic signal thereby always paying highest attention to
accurate measurements to avoid boosting any signals without physical
relevance to EMCD. For this, thin ferromagnetic films of Fe, Fe3C and
Ni are prepared by sputtering and investigated with this novel method.

MM 42.3 Wed 12:30 IFW B
Probing atomic potentials on a sub-Angstrom scale by
differential phase contrast — •Josef Zweck1, Sorin Lazar2,
Bert Freitag2, Knut Müller3, Andreas Rosenauer3, Flo-
rian Krause3, Matthias Lohr1, Benedikt Bauer1, Andreas
Pritschet1, and Johannes Thalmair1 — 1Physics Faculty, Uni-
versity of Regensburg, FRG — 2FEI Company, Eindhoven, NL —
3Institute for Solid State Physics, University of Bremen, FRG

Differential phase contrast uses a position sensitive detector to moni-
tor minute deflections of the electron beam in a scanning transmission
microscope (STEM). With today’s instruments, the electron beam can
be focused into probe diameters of 80 pm, which is sufficiently small to
move the probe within a unit cell of a crystal between atomic positions.
The beam is influenced by the local Coulomb scattering potential of
the atom. The scattering potential gradient across the electron beam
diameter can in a first approximation be considered to be proportional
to the local electric field caused by the nucleus and screened by the
electron cloud.

Therefore, measuring the electron beam’s deflection one probes a
quantity related to the local field distribution. We present first re-
sults, obtained from a GaN crystal, and using a FEI Titan cubed,
equipped with a high brightness gun, monochromator, an image Cs
corrector and DCOR probe corrector. We can clearly show that the
electron beam deflection is not radially symmetric around Ga and N
atoms, which may lead to a technique capable to probe local bind-
ing structures and even electronic charge densities in sub-Angstrom
resolution.

MM 42.4 Wed 12:45 IFW B
4D X-ray microscopy (XRM), In Situ imaging of practical
volume samples — •Lars-Oliver Kautschor — Carl Zeiss Mi-
croscopy GmbH

In situ, 4D microscopy using X-ray microscopy is evolving as a valuable
scientific technique. In order to develop this further it is important to
develop the technique using realistic representative volumes in a wide
range of materials. It is also important to evaluate the efficacy of
the application against more traditional methods by employing cor-
relative imaging. Conventional electron and optical microscopy tech-
niques require the sample to be sectioned, polished or etched to expose
the internal surfaces for imaging. However, such sample preparation
techniques have traditionally prevented the observation of the same
sample over time, under realistic three-dimensional geometries and in
an environment representative of real-world operating conditions. X-
ray microscopy (XRM) is a rapidly emerging technique that enables
non-destructive evaluation of buried structures within hard to soft ma-
terials in 3D, requiring little to no sample preparation. Furthermore
in situ and 4D quantification of microstructural evolution under con-
trolled environment as a function of time, temperature, chemistry or
stress can be performed repeatably on the same sample, using practical
specimen sizes ranging from tens of microns to several cm diameter,
with achievable spatial imaging resolution from submicron to 50 nm.
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MM 43: Liquid and Amorphous Metals II - Mechanical properties

Time: Wednesday 11:45–13:00 Location: IFW A

MM 43.1 Wed 11:45 IFW A
FeCoSiBNbCu bulk metallic glass with large compres-
sive deformability studied by time-resolved synchrotron X-
ray diffraction — •Mihai Stoica1,2, Sergio Scudino1, Jozef
Bednarcik3, Ivan Kaban1,4, and Jürgen Eckert1,4 — 1IFW Dres-
den, Institute for Complex Materials, Helmholtzstr. 20, D-01069 Dres-
den, Germany — 2POLITEHNICA University of Timisoara, P-ta Vic-
toriei 2, Timisoara, Romania — 3Deutsches Elektronen-Synchrotron
(DESY), FS-PE Group, Notkestr. 85, D-22607 Hamburg, Germany —
4TU Dresden, Institute of Materials Science, D-01062 Dresden, Ger-
many

By adding 0.5 at.% Cu to the strong but brittle
[(Fe0.5Co0.5)0.75Si0.05B0.20]96Nb4 bulk metallic glass, fully amor-
phous rods with diameters up to 2 mm were obtained. The monolithic
samples with 1 mm diameter revealed a fracture strain of 3.80 % and
a maximum stress of 4143 MPa upon compression, together with a
slight work-hardening behavior. An estimate of the temperature rise
∆T in the shear plane gives 1039 K, which is large enough to melt a
layer of 120 nm. Mechanical tests performed in-situ under synchrotron
radiation allowed the calculation of the strain tensor components, us-
ing the reciprocal-space data and analyzing the shift of the first (the
main) and the second broad peak positions in the X-ray diffraction
patterns. The results revealed that each atomic shell may have a
different stiffness, which may explain the macroscopic compressive
plastic deformation.

MM 43.2 Wed 12:00 IFW A
Diffusion, Structure and Crystallization in a HPT-deformed
bulk metallic glass — •Jonas Bünz1, Koichi Tsuchiya2, Sergiy
Divinsky1, and Gerhard Wilde1 — 1Institut für Materialphysik,
WWU Münster, Germany — 2National Institute of Materials Science,
Tsukuba, Japan

Metallic glasses show unique properties compared to their crystalline
counterparts, but their applicability is limited by the lack of suffi-
cient plasticity. Stress localization and the associated shear softening
strongly weaken the structure, thus leading to the formation of shear
bands. The structure of shear bands is still far from being understood.
The HPT-technique allows the deformation of glasses with very high
strains and thus leads to a rejuvenation of the structure and shear
band densities which are obtainable with almost no other experimen-
tal technique. Thus, severely deformed glasses can act as a model
system for integral testing methods such as calorimetry or diffraction
analysis. Due to their extreme sensitiveness to the free volume local-
ization, the diffusion measurements by the radiotracer technique can
bring further insight into the structural modifications of shear bands
with respect to the amorphous matrix as well as to the conditions of
shearing during plastic straining. Here, the results of a combined study
of diffusion process, crystallization behaviour and structure evolution
in a HPT-deformed Zr-based bulk metallic glass are reported.

MM 43.3 Wed 12:15 IFW A
Mechanical behaviour of CuZr-based bulk metallic glasses
and composites — •Benjamin Escher1,2, Simon Pauly1, Ivan
Kaban1,2, Uta Kühn1, and Jürgen Eckert1,2 — 1IFW Dresden,
Institute for Complex Materials, P.O. Box 270116, 01171 Dresden,
Germany — 2TU Dresden, Institute of Materials Science, 01062 Dres-
den, Germany

Compared to crystalline alloys, bulk metallic glasses (BMGs) exhibit
yield strengths close to the theoretical limit. However, BMGs gener-
ally show a low or no plastic strain under either tensile or compressive
stresses. This drawback has to be overcome for BMGs to be used as
structural material.

The tolerance towards failure of CuZr-based BMGs can be signifi-
cantly improved by the incorporation of structural heterogeneities such
as crystals. The formation of such composites strongly depends on
composition and cooling rate.

In the present work we investigated the mechanical properties of
CuZr-based bulk metallic glasses and composites with different Al,
Ag, Co and Sc additions. The effect of the elements on the thermal
behaviour, the corresponding phase evolution and the resulting mi-
crostructure is correlated with the deformation behaviour.

It has been found, that the plasticity of the CuZr-X metallic glasses
or composites can be significantly enhanced by the addition of proper
quantities of the afore mentioned elements by changing the precipitat-
ing phase, its volume fraction and distribution.

MM 43.4 Wed 12:30 IFW A
Effect of micro-alloying on the properties of Pd- and Zr-based
bulk metallic glasses — •Davide Granata, Erwin Fischer, and
Jörg F Löffler — ETH Zürich, Zürich, Schweiz

For applications of bulk metallic glasses (BMGs) it is important to
design new glass-forming alloys with improved properties. However,
good glass-forming ability and improved mechanical properties, such
as high fracture toughness and ductility, appear to be mutually ex-
clusive. It has been shown recently that minor additions of suitable
elements significantly alter the resulting properties of BMGs. In this
micro-alloying approach slight compositional adjustments on the or-
der of 0.1% generate drastic changes in critical casting thickness and
mechanical characteristics. In this context we will discuss the role of
fluxing-induced micro-alloying in the case of Pd-based BMGs. The
knowledge gained will also be transferred to Zr-based BMGs, which
are of greater interest for applications.

MM 43.5 Wed 12:45 IFW A
atomic structures and magnetic properties of FeB-based
amorphous alloys — •Guangcun Shan1,2, Jiliang Zhang1, and
Chan-Hung Shek1 — 1Department of Physics and Materials Science,
City University of Hong Kong, Hong Kong SAR — 2Max-Planck-
Institut für Chemische Physik fester Stoffe

Several FeB-based amorphous alloys (Fe80B8Si12, Fe71B17Si12 and
Fe71B17(Nb4Y4Zr4)) with good mechanical properties and soft mag-
netic properties have recently been well developed by addition of solute
atoms to tune the magnetic properties and glass forming ability (GFA).
The atomic structures were revealed by state-of-the-art extended X-
ray absorption fine structure spectroscopy (EXAFS) combining with
ab initio molecular-dynamics (AIMD) computational techniques. Both
AIMD computational results and the EXAFS spectra present clear ev-
idence of a very different chemical and topological short-range order
(SRO) around the Fe atom in all the studied samples. The experimen-
tal results of nanoindentation, XPS and thermal stability were in good
agreement with the EXAFS results. Besides, the magnetic behaviors
were discussed in view of the EXAFS results and atomic clusters of
the glassy alloys.
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MM 44: Festsitzung zum 50jährigen Bestehen der AG MM / Celebrating the 50th anniversary of
the AG MM

The Metal- and Materials Division holds a honorary meeting to celebrate its 50th anniversary. The
festive programme closes with the best poster prize presentation, which is awarded for the first time,
and a reception.

Time: Wednesday 15:15–19:00 Location: BAR Schön

MM 44.1 Wed 15:15 BAR Schön
Opening remarks — •Jörg Neugebauer — Max-Planck-Insitut für
Eisenforschung, Düsseldorf, Germany

Topical Talk MM 44.2 Wed 15:20 BAR Schön
Seeing the atoms in oxides, what is the use of it? — •Knut
Urban — Research Centre Juelich, 52425 Juelich, Germany

Topical Talk MM 44.3 Wed 15:50 BAR Schön
From Phonons to Functionality — •Winfried Petry — TU
München, München, Germany

Topical Talk MM 44.4 Wed 16:20 BAR Schön

High Temperature Superconducting Materials and their Ap-
plication for Levitation — •Ludwig Schultz — IFW Dresden,
Dresden, Germany

Topical Talk MM 44.5 Wed 16:50 BAR Schön
The Division of Metal- and Materials Physics — •Mathias
Göken — University Erlangen-Nürnberg, Erlangen, Germany

Best poster award

Empfang / Reception

MM 45: Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium
Phenomena at the Nano-scale V (O with HL/TT/MM)

Time: Wednesday 16:00–19:15 Location: TRE Ma

Topical Talk MM 45.1 Wed 16:00 TRE Ma
Theory of nonlinear phononics for coherent light-control of
solids — •Antoine Georges1,2,3, Alaska Subedi2, and Andrea
Cavalleri4 — 1College de France, Paris, France — 2Ecole Polytech-
nique - CPHT, Palaiseau, France — 3University of Geneva, DPMC,
Switzerland — 4Max Planck Institute for the Structure and Dynamics
of Matter, Hamburg, Germany

The use of light to control the structural and electronic properties of
solids is an area of great current interest. We present a microscopic the-
ory [arXiv:1311.0544] for ultrafast control of solids with high-intensity
Tera-Hertz frequency optical pulses. When resonant with selected
infrared-active vibrations, these pulses transiently modify the crystal
structure and lead to new collective electronic properties. The theory
predicts the dynamical path taken by the crystal lattice using first-
principles calculations of the energy surface and classical equations of
motion, as well as symmetry considerations. Two classes of dynamics
are identified. In the perturbative regime, displacements along the nor-
mal mode coordinate of symmetry-preserving Raman-active mode can
be achieved by cubic anharmonicities. This validates the mechanism
proposed by Först et al. [Nature Physics 7, 854 (2011)] and explains
the light-induced insulator-to-metal transition of manganites reported
experimentally by Rini et al. [Rini et al. Nature 449, 72 (2007)]. We
also predict a new non-perturbative regime in which ultra-fast insta-
bilities that break crystal symmetry can be induced.

MM 45.2 Wed 16:30 TRE Ma
DFT+Frontier Orbital U — •Emine Kucukbenli and Nicola
Marzari — Theory and Simulation of Materials, École Polytechnique
Fédérale de Lausanne (CH)

Piecewise linearity of the total energy with respect to occupations is
not only a fundamental property that should be obeyed by any exact
energy functional, but also a starting point to improve approximate
functionals that are used in practical applications.

DFT+U enforces piecewise linearity on the Hubbard manifold [1],
and it has been shown to greatly improve the accuracy of density-
functional theory for transition-metal complexes, thanks to its correc-
tion of self-interaction errors [2]. However, it still performs poorly in
complexes where significant covalency is present, and intersite correc-
tions (so-called DFT+U+V) have been introduced to improve these
challenging cases [3].

Here, we revisit piecewise linearity within the DFT+U and
DFT+U+V correction schemes, and explore a novel approach where
self-interaction corrections are applied directly to the frontier orbitals.
We test this approach on model transition metal complexes, where

highly accurate reference results can be established, and on small
molecules with varying degrees of covalency.

References: [1] M. Coccoccioni and S. de Gironcoli, Phys. Rev. B
71, 35105 (2005). [2] H. J. Kulik, M. Cococcioni, D. A. Scherlis and
N. Marzari, Phys. Rev. Lett. 97, 103001 (2006). [3] V. Leiria Campo
Jr and M. Cococcioni, J. Phys. Cond. Matt. 22, 055602 (2010); H. J.
Kulik and N. Marzari, J. Chem. Phys. 134, 094103 (2011).

MM 45.3 Wed 16:45 TRE Ma
Quasiparticle self-consistent GW method with spin-orbit
coupling applied to Bi and HgTe — •Christoph Friedrich,
Irene Aguilera, Markus Betzinger, and Stefan Blügel —
Peter Grünberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jülich and JARA, 52425 Jülich, Germany

We present an implementation of the quasiparticle self-consistent (QS)
GW method where the spin-orbit coupling (SOC) is fully taken into
account in each iteration rather than being added a posteriori. The
implementation is based on the FLAPW method. The SOC gives rise
to spin off-diagonal blocks in the Green function GSOC and the self-
energy ΣSOC = iGSOCWSOC. We applied the QSGSOCWSOC method
to the semimetal Bi, which presents in experiment small electron and
hole pockets and a tiny band gap (11-15 meV) at the L point, all of
them largely overestimated by LDA (e.g., the gap is 86 meV). The
QSGSOCWSOC approach predicts a value of the band gap of 8 meV
and electron and hole pockets in very good agreement with experiment.
The a posteriori treatment of the SOC (QSGW+SOC), on the other
hand, yields an unphysical result for Bi, predicting it to be a topologi-
cal insulator with a very large gap at L (260 meV) instead of a trivial
semimetal. Similarly, for HgTe, QSGW+SOC reorders the bands in a
wrong way and opens a gap at the Γ point in disagreement with exper-
iment. In contrast, the QSGSOCWSOC approach yields a qualitatively
and quantitatively correct description of the electronic band structure.
We acknowledge support from the Helmholtz Association through the
Virtual Institute for Topological Insulators (VITI).

MM 45.4 Wed 17:00 TRE Ma
Studies of semiconducting pyrite and marcasite compounds
using many-body perturbation theory in the GW approxima-
tion — •Timo Schena, Gustav Bihlmayer, Christoph Friedrich,
and Stefan Blügel — Peter Grünberg Institut and Institute for Ad-
vanced Simulation, Forschungszentrum Jülich & JARA, Germany

FeS2 pyrite and marcasite have recently gained renewed interest as ma-
terials for photovoltaic applications, due to their large optical absorp-
tion and abundance. Therefore, a reliable description of the fundamen-
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tal band gap of these compounds within first-principles calculations is
desirable. However, common density functional theory (DFT) often
suffers from an underestimation of band gaps. This calls for beyond-
DFT methods, e.g., the GW approximation, which is known to yield
gaps in much better agreement with experiment. Although this is
widely accepted for “simple” semiconductors, the situation is not well
understood for more complicated cases, where the band edges differ in
atomic and orbital character. In fact, we observe an uncommon band
gap reduction in FeS2 when applying single-shot GW on top of DFT,
which might be problematic for photovoltaic applications [1]. In this
work, we investigate the effects of the GW approximation on a cou-
ple of pyrite and marcasite compounds, employing the FLAPW code
FLEUR and the GW code SPEX (www.flapw.de). In addition to single-
shot GW , we also compare to the results of the recently implemented
quasi-particle self-consistent GW approximation. We gratefully ac-
knowledge funding from BMBF of the NADNuM project 03SF0402A.

[1] T. Schena et al. Physical Review B (accepted 2013)

15 min. break

MM 45.5 Wed 17:30 TRE Ma
Probing d-band Quantum Well States in Palladium
Nanofilms — •Srijan Kumar Saha1, Sujit Manna1, Marek
Przybylski1,2, Valeri Stepanyuk1, and Jurgen Kirschener1,3 —
1Max-Planck-Institut für Mikrostrukturphysik, Weinberg 2, D-06120
Halle, Germany — 2Faculty of Physics and Applied Computer Science,
AGH University of Science and Technology, 30-059 Kraków, Poland —
3Institut für Physik, Martin-Luther-Universität Halle-Wittenberg, D-
06099 Halle, Germany

We present the results of our new study which probes the d-bands
quantum well (QW) states in Pd nanofilms grown on Cu(001) using
first-principles density functional theory (DFT) calculations combined
with scanning tunneling spectroscopy (STS) experiments. This study
reveals that QW states occur in the overlayer films of Pd over a strik-
ingly large film thickness (up to 17 monolayers) and in a large binding
energy range (from 0.1 to 3.0 eV below Fermi level), thanks to its dis-
tinct and broad 4d-bands. The orbital characters of these states are
unambiguously identified by our DFT calculations. Calculations also
demonstrate oscillatory multilayer relaxations and d-derived quantum
size oscillations in Pd films. The pseudomorphic growth, well-defined
interface, and spatially resolved STS allows us to probe individual oc-
cupied QW states and extract the accurate dispersion of the (∆5-like)
d electronic band, as these states are laterally highly localized and give
rise to distinct and sharp feature in the tunneling spectra.

MM 45.6 Wed 17:45 TRE Ma
Implementation and analysis of a plane wave and real space
pseudopotential method including an efficient spin-orbit cou-
pling treatment tailored to calculate the electronic structure
of large-scale semiconductor nanostructures — •Frank Zirkel-
bach, Pierre-Yves Prodhomme, Jerome Jackson, and Gabriel
Bester — Max-Planck-Institut für Festkörperforschung, Heisen-
bergstr. 1, D-70569 Stuttgart, Germany

The implementation of the large-scale atomic effective pseudopoten-
tial program to solve the Schrödinger equation of an electronic sys-
tem is discussed. Atomic effective pseudopotentials that are derived
from screened local effective crystal potentials of self-consistent den-
sity functional theory (DFT) calculations are utilized, which ensure an
accurate treatment at reduced computational costs. The capability of
describing relevant electronic eigenstates of a quantum dot structure
consisting of hundred thousand atoms at an atomistic ab initio level
comparable to DFT is demonstrated. The possibility to represent the
wavefunction and to evaluate parts of the Hamiltonian either in a plane
wave or real space basis allows for a coherent analysis of various differ-
ent approaches. In the fully real space treatment, linear scaling with
respect to the system size is achieved. The convergence behavior of the
different methods and utilized approximations is shown. Furthermore,
an efficient spin-orbit treatment different to previously existing im-
plementations within the pseudopotential formalism is outlined. The
accuracy of the method is demonstrated via direct comparison to stan-
dard DFT codes.

MM 45.7 Wed 18:00 TRE Ma
Strong Parallelization of Real-Space DFT Calculations —
•Andrea Nobile1,2, Paul Baumeister1,2, Daniel Wortmann1, and
Stefan Blügel1 — 1Peter Grünberg Institut & Institute for Advanced
Simulation, Forschungzentrum Jülich and JARA, 52425 Jülich, Ger-

many — 2Jülich Supercomputing Center, Forschungzentrum Jülich,
52425 Jülich, Germany

The rapid change in modern supercomputing architectures poses a
challenge to well established DFT codes. In particular, the increase
in raw floating point power obtained through parallelism at different
levels is not easily exploitable by using the traditional direct diag-
onalization methods. We will present our new real-space Projector
Augmented Wave (PAW) implementation. The real-space representa-
tion of the wave functions, densities and potentials, enables the usage
of very flexible boundary conditions and naturally adapts to massively
parallel architectures. Parallelism can be exploited in the form of do-
main decomposition of the three dimensional grid, k-point sampling
and bands. The kinetic energy operator, realized as a finite difference
stencil, is localized. As a consequence the real-space representation of
the Hamiltonian is sparse. This limits the amount of necessary com-
munications and allows an application of the operator to a trial vector
in order(N) operations. We will present results about the efficiency
of the most numerical intensive parts of the code and we will com-
pare the accuracy of the calculations for reference systems with other
established DFT methods.

MM 45.8 Wed 18:15 TRE Ma
Rare Earth Metals in Density-Functional Theory — •Marco
Casadei1, Xinguo Ren2, Patrick Rinke1, Angel Rubio1,3, and
Matthias Scheffler1 — 1Fritz-Haber-Institut der MPG, Berlin —
2University of Technology, Hefei, China — 3NanoBio Spectroscopy
group and ETSF, Universidad del Páıs Vasco, San Sebastián, Spain

The presence of f electrons in the rare earths and their interaction
with the s and p electrons give rise to several physical phenomena.
One prominent example is the isostructural α-γ phase transition in
cerium (Ce). We have shown that density-functional theory (DFT)
captures the volume collapse associated with the transition, but only
if advanced functionals such as exact exchange plus correlation in the
random-phase approximation (EX+cRPA) are used [1]. The volume
collapse is understood in terms of a localization/delocalization of the f
electrons. We then addressed the question: is the isostructural volume
collapse in cerium unique? By applying DFT, we studied lanthanum
(La), praseodymium (Pr) and neodymium (Nd), which undergo sev-
eral structural changes with pressure. We find that the transitions are
already captured at a lower level of DFT (i.e. with (semi)-local func-
tionals) and therefore conclude that f -electrons are not the driving
force in this case. Within hybrid functionals, we find only one phase
in lanthanum, which has no f -electrons, and more than one stable so-
lution in the fcc crystal for Pr and Nd, as found for Ce. Unlike in Ce,
however, there is always one solution that is the most stable, thus no
isostructural volume collapse emerges in agreement with experiments.
[1] M. Casadei et al., Phys. Rev. Lett. 109, 14642 (2012).

MM 45.9 Wed 18:30 TRE Ma
Electronic Structure and van der Waals Interactions in the
Stability and Mobility of Point Defects in Semiconductors —
•Wang Gao and Alexandre Tkatchenko — Fritz-Haber-Institut
der MPG, Berlin, Germany

Point defects are abundant in materials, and significantly affect the
electronic, optical, and magnetic properties of solids. However, our
understanding of the stability and mobility of point defects remains
incomplete, despite decades of intensive work on the subject. In the
framework of density-functional theory, Perdew-Burke-Ernzerhof func-
tional underestimates formation energies by 0.7 eV due to the electron
self-interaction error, while Heyd-Scuseria-Ernzerhof (HSE) functional
yields formation energies in better agreement with high-level many-
body methods, but often overestimates migration barriers by up to 0.4
eV.

Using HSE coupled with screened long-range vdW interactions [1],
we demonstrate that HSE+vdW can simultaneously and accurately de-
scribe the formation energies and migration barriers of point defects.
The inclusion of vdW interactions significantly changes the transition
state geometries, and brings migration barrier into close agreement
with experimental values for six different defects. For multiatom va-
cancies and point defects in heavier semiconductors, vdW interactions
play an increasingly larger role [2].

[1] G. X. Zhang, et al., PRL 107, 245501 (2011); A. Tkatchenko, et
al., PRL 108, 236402 (2012).

[2] W. Gao and A. Tkatchenko, PRL 111, 045501 (2013).

MM 45.10 Wed 18:45 TRE Ma
Scaling Laws for van der Waals Interactions in Nanos-
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tructured Materials — •Vivekanand Gobre and Alexandre
Tkatchenko — Fritz Haber Institut der MPG, Berlin

Accurate description of van der Waals (vdW) interactions is crucial
for precise prediction of structure and stability of complex materials.
VdW forces originate from interactions between fluctuating multipoles
in matter and play a significant role in the self-assembly of nanostruc-
tured materials. Many models used to describe vdW interactions in
nanomaterials are based on a simple pairwise-additive approximation,
neglecting the strong electrodynamic response effects caused by long-
range fluctuations in matter. We develop and utilize an efficient mi-
croscopic method [1,2] to demonstrate that vdW interactions in nano-
materials act at distances greater than typically assumed, and can be
characterized by different scaling laws depending on the dimension-
ality and size of the system. Specifically, we study the behaviour of
vdW interactions in single-layer and multilayer graphene, fullerenes of
varying size, single-wall carbon nanotubes and graphene nanoribbons.
As a function of nanostructure size, the van der Waals coefficients fol-
low unusual trends for all of the considered systems, and deviate sig-
nificantly from the conventionally employed pairwise-additive picture.
We propose that the peculiar van der Waals interactions in nanos-
tructured materials could be exploited to control their self-assembly.

[1] Tkatchenko, DiStasio, Car, and Scheffler, PRL (2012); [2] Gobre,
Tkatchenko, Nat. Commun. (2013).

MM 45.11 Wed 19:00 TRE Ma
2D nanopatterns of shape-persistent molecular polygons on
HOPG — •Stefan-S. Jester, Nina Schönfelder, Eva Sigmund,
and Sigurd Höger — Universität Bonn, Kekulé-Institut für Organ-
ische Chemie und Biochemie, Gerhard-Domagk-Str. 1, 53121 Bonn,
Germany

Shape-persistent organic molecules with flexible side chains self-
assemble at the solution/solid interface to form 2D nanoarchitectures.
Scanning tunneling microscopy yields a submolecularly resolved in-
sight into the adsorbate structures. A key issue is how the shape and
symmetry of the backbones and their alkyl chain substitution pattern
determine the shape and symmetry of the adsorbate patterns. Recently
we focused on molecular polygons (triangles, squares, pentagons, and
hexagons) with dithiophene corners and phenylene-alkynylene sides.[1]
In my talk I will give insight into the relation between Archimedean
surface patterns and supramolecular 2D adlayers. [1] S.-S. Jester, E.
Sigmund, S. Höger J. Am. Chem. Soc. 2011, 133, 11062.

MM 46: Mitgliederversammlung des Fachverbands Metall- und Materialphysik

Time: Wednesday 19:00–20:00 Location: BAR 205

MM 47: Invited Talk (Hauptvortrag) Robinson

Time: Thursday 9:30–10:00 Location: BAR 205

Invited Talk MM 47.1 Thu 9:30 BAR 205
Coherent X-ray Diffraction Imaging of Excitations in Metal
Nanoparticles — •Ian Robinson — University College London, UK
— Research Complex at Harwell, UK

The physical reason why nanoparticles differ in structure from the bulk
is fundamentally crystallographic. As with all surfaces, the missing-
neighbour unit cells, which become removed to create a surface, cause
a structural response. In a metal this is an inward relaxation, de-
tectable as crystal strain. Where two surfaces meet along the edge
of a crystal, the effect is enhanced. Nanocrystals are in precisely the
size range which is dominated by these surface and edge properties.
This results in a pattern of strain which follow the crystallographic
structure of the particle. Certain simple properties of nanoparticles

can be explained through these structural differences. Coherent X-ray
Diffraction can be used to study these effects within the three dimen-
sional structure of nanocrystals. A key experiment will be discussed
that uses this method to study the redistribution of strains on the
surface of a Au nanocrystal by adsorption of a chemical layer [1]. Ul-
trafast imaging with free-electron laser sources allows visualization of
the strain patterns in vibrating crystals [2].

[1] Differential stress induced by thiol adsorption on facetted
nanocrystals, Moyu Watari, Rachel McKendry, Manuel Voegtli,
Gabriel Aeppli, Yeong-Ah Soh, Xiaowen Shi, Gang Xiong, Xiaojing
Huang, Ross Harder and Ian Robinson, Nature Materials 10 862-866
(2011) [2] Ultrafast three dimensional imaging of lattice dynamics in
gold nanocrystals J. N. Clark et al Science 341 56 (2013)

MM 48: Topical session: X-ray and neutron scattering in materials science I - Coherent X-ray
Diffraction Imaging of Excitations in Metal Nanoparticles

Time: Thursday 10:15–11:30 Location: BAR 205

MM 48.1 Thu 10:15 BAR 205
Structural study of CuZr and Cu50Zr45Al5 metallic glasses
in relation to their GFA and mechanical properties —
•Ivan Kaban1,2, Pal Jovari3, Benjamin Escher1,2, Adam Webb4,
Tom Regier4, Brigitte Beuneu5, Valentin Kokotin6, Norbert
Mattern2, and Jürgen Eckert1,2 — 1TU Dresden, Institute of Ma-
terials Science, Germany — 2IFW Dresden, Institute for Complex Ma-
terials, Germany — 3Institute for Solid State Physics and Optics, Bu-
dapest, Hungary — 4Canadian Light Source, Saskatoon, Canada —
5Laboratoire Leon Brillouin, CEA-Saclay, France — 6ThyssenKrupp
Steel Europe AG, Duisburg, Germany

In this work we investigate the atomic structure of CuZr and
Cu50Zr45Al5 metallic glasses in view of their glass-forming ability and
mechanical properties. Using a combination of the state-of-the-art ex-
perimental techniques (synchrotron X-ray diffraction and absorption
spectroscopy and neutron diffraction), reverse Monte-Carlo simulation
and Molecular Dynamics modelling we have obtained partial pair dis-
tribution functions, coordination numbers and bond lengths for the
glasses studied. Remarkable differences are found for the total as well
as for the partial pair distributions in the CuZr and Cu50Zr45Al5
metallic glasses, especially for the Cu-Cu and Zr-Zr pairs at the sec-

ond and higher coordination shells, suggesting important role of the
medium-range order in the glass formation and in the mechanical be-
haviour.

MM 48.2 Thu 10:30 BAR 205
Static atomic displacements of Fe-27 at.% Pt in the Invar
regime — •Cédric Sax and Bernd Schönfeld — LMPT, Depart-
ment of Materials, ETH Zurich

X-ray diffuse scattering from a single crystalline Fe-27.1 at.% Pt In-
var alloy was measured at room temperature and close to the Curie
temperature. The sample was set up in a short-range ordered state by
quenching from 1120 K. As expected due to the nearby located L12
ordered structure, diffuse maxima are seen close to the X position.
Separation of the diffuse scattering into short-range order scattering
and displacement scattering was performed by the method of Geor-
gopoulos and Cohen. The short-range order parameters remain nearly
unchanged for both measurements and yield effective pair interaction
parameters that properly reproduce the order-disorder transition tem-
perature. On the other side, differences are observed in the species-
dependent static atomic displacements of the first two coordination
shells for both measurements. This change close to the Curie temper-
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ature is compared with literature data in Ni-Fe where two measurement
temperatures were chosen well below the Curie temperature.

MM 48.3 Thu 10:45 BAR 205
Hydrogen desorption pathway of Mg(BH4)2 probed by in-
situ X-ray Raman scattering — •Simon Kujawski1, Chris-
tian Sternemann1, Arndt Remhof2, Christoph Sahle3, Yigang
Yan2, Nicholas Stadie2, Kolja Mende1, Ali Al Zein4, and Metin
Tolan1 — 1Fakultät Physik/Dortmund Electron Accelerator, Tech-
nische Universität Dortmund, 44221 Dortmund, Germany — 2EMPA,
Swiss Federal Laboratories for Materials Science and Technology,
Hydrogen & Energy, 8600 Dübendorf, Switzerland — 3Department
of Physics, University of Helsinki, Fi-00014, Helsinki, Finland —
4European Synchrotron Radiation Facility, F-38043 Grenoble Cedex
9, France

With a hydrogen density of 14.9 wt% the complex hydride Mg(BH4)2
is considered as a solid-state hydrogen storage material. Identifying
the amorphous boron-containing species during the desorption pro-
cess provides essential information about the decomposition pathway
of Mg(BH4)2. Unlike diffraction, X-ray Raman scattering allows in-
vestigating the local atomic and electronic structure and hence quan-
titatively estimating the amounts of different amorphous constituents.
By modelling the X-ray Raman spectra from the possible constituents
we unveiled the reaction pathway and determined the role of boron
within.

MM 48.4 Thu 11:00 BAR 205
Hydrogen absorption in Mg-Ti multilayers studied by neu-
tron re*ectometry — •Maximilian Skoda1, Christian Kinane1,
Raymond Fan2, Sean Langridge1, William David1, Andrea
Baldi5, Bernard Dam3, Herman Schreuders3, and Ronald
Griessen4 — 1ISIS, STFC, Harwell, UK — 2Diamond Light Source,
Harwell, UK — 3TU Delft, Delft, The Netherlands — 4Department
of Physics and Astronomy, VU Amsterdam, The Netherlands —
5Stanford University, Stanford, USA

Mg-Ti thin film alloys have large H-storage capacities, fast kinetics of
hydrogen absorption and desorption and are structurally stable. These
qualities stem from a short-range ordered distribution of the Mg and

Ti atoms. In order to study the influence of short-range order on the
hydrogen sorption properties of Mg-Ti systems, we artificially engi-
neered chemical segregation by depositing a Ti/Mg multilayer with 10
repetitions of Ti(2 nm)/Mg(4.4 nm). On exposure to H2 a two-step
hydrogenation process occurs with the Ti layers forming the hydride
before Mg. In-situ, time resolved Neutron Reflectometry (NR) allows
an accurate determination of the out-of-plane expansion associated
with each hydrogenation step. The volume expansion expected for
the hydrogenation of both Ti and Mg is transferred completely in the
vertical direction, indicating that large plastic deformations have to
occur upon hydrogen absorption. Owing to the large negative neutron
scattering length of hydrogen, NR proves to be an excellent technique
for the in-situ characterization of the hydrogen absorption properties
of thin films.

MM 48.5 Thu 11:15 BAR 205
Electrode Lithiation in Lithium-Ion Batteries Investigated
by In-Operando Neutron Reflectometry — Bujar Jerliu1,
Erwin Hüger1, Beatrix-Kamelia Seidlhofer2, Roland Steitz2,
and •Harald Schmidt1 — 1Clausthal University of Technology —
2Helmholtz-Zentrum Berlin

Lithium-ion batteries are widely developed and used as rechargeable
power sources for portable electronic devices and will be essential in
the field of automotive transportation. One of their major advantages
is their low weight, and therefore the high energy density available.
Kinetic processes and interface phenomena at electrodes during charg-
ing and discharging cycles play a key role for optimization of these
batteries (e.g. for charging times and power density). As negative
electrode material, amorphous silicon has become a promising candi-
date for future Li-ion battery applications due to its high theoretical
specific capacity of about 4 Ah/g.

We present in-operando neutron reflectometry experiments on the
lithiation of amorphous silicon electrodes during galvanostatic charg-
ing or during cyclic voltammetry. Such studies allow to monitor
the modification of Li content and the corresponding volume expan-
sion/contraction of the electrode during lithiation on the nanometer
scale. Possible lithiation mechanisms are discussed.

B. Jerliu et al. Phys. Chem. Chem. Phys., 15 (2013) 7777.

MM 49: Computational Materials Modelling VII - Grain boundaries & Interfaces

Time: Thursday 10:15–11:45 Location: IFW D

MM 49.1 Thu 10:15 IFW D
Theoretical study of hydrogen trapping and diffusion at grain
boundaries in nickel — •Davide Di Stefano1, Matous Mrovec1,2,
and Christian Elsaesser1,2 — 1Fraunhofer IWM, Freiburg, Ger-
many — 2Karlsruhe Institute of Technology, Karlsruhe, Germany

A correct description of hydrogen diffusion in metals is a prerequisite
for understanding the phenomenon of hydrogen embrittlement. It is
known that H mobility in metals is strongly affected by lattice de-
fects such as vacancies, dislocations or grain boundaries. It is however
rather difficult to investigate local diffusion and trapping of H at these
nanoscale defects by experimental means.

In this theoretical study, we explore the interaction of H with several
grain boundaries (GBs) in Ni at the atomic scale using first principles
calculations based on density functional theory (DFT). Our results
are that GBs with open structural units act as trapping sites for H
and provide also easy diffusion pathways for H. In contrast, GBs with
close-packed structures similar to that of bulk fcc Ni do not trap H but
act instead as barriers for H. In order to obtain information about H
diffusion on long time and length scales, we developed a kinetic Monte
Carlo model that can utilize the DFT results to calculate effective
diffusion coefficients of polycrystalline microstructure.

MM 49.2 Thu 10:30 IFW D
Ab-initio study of hydrogen trapping by kappa-carbides in
an austenitic Fe matrix — •Poulumi Dey1, Roman Nazarov2,
Tilmann Hickel1, and Jörg Neugebauer1 — 1Max-Planck-
Institut für Eisenforschung GmbH, D-40237 Düsseldorf, Germany —
2Lawrence Livermore National Laboratory 7000 East Avenue, Liver-
more, CA 94550

Experimental studies demonstrated that fine dispersed precipitates of
carbides increase the tensile strength of steels and may act as deep

trapping sites for hydrogen. In this regard, homogeneously distributed
nano-sized kappa-carbides (Fe,Mn)3AlC, have been found to play an
analogous role in a new class of high strength Fe-Mn-Al-C steels. How-
ever, much less is known about the efficiency of these carbides in trap-
ping hydrogen in these steels. We thus perform a quantitative analysis
of hydrogen solution enthalpies within kappa-carbide precipitates em-
ploying density functional theory (DFT). While the solubility of hy-
drogen is low in perfect kappa-carbide, the presence of hydrogen makes
the formation of vacancies energetically favourable, which inturn act
as effective trapping sites for hydrogen. Further, motivated by the ex-
perimental investigations, we investigate the trapping of hydrogen at
the interface between kappa-carbide and the austenitic matrix. Our
results show that the interface is a potential trapping site for hydrogen
and also a nucleation point for subsequent fracture in the material.

MM 49.3 Thu 10:45 IFW D
Ab-initio prediction of the critical thickness of a precipitate
in molybdenum — •Sankari Sampath and Rebecca Janisch —
ICAMS, RUB, Bochum, Germany

The precipitation of new phases in a host metal or metallic alloy has a
strong influence on the mechanical properties of the material. This pre-
cipitation leads to the formation of an interface that can be coherent,
semi-coherent or incoherent with the host material. The calculation
of coherent interface energies based on atomistic models is well estab-
lished, but semi-coherent interfaces still present a challenge. Current
approaches usually combine ab-initio data and continuum elasticity
methods, while we now present a model for a semi-coherent interface
completely based on ab-initio density functional theory calculations.

Our example is a metastable Mo-C phase, the body-centered tetrag-
onal structure, which exists as a semi-coherent precipitate in body-
centered cubic molybdenum. For the coherent interface, a standard
supercell approach is used. The energy of the semi-coherent interface
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is calculated taking into account different contributions from the elas-
tic strain energy stored in the precipitate, the misfit energy due to
the misfit dislocation, and the chemical energy due to the bonding at
the interface. By comparing the energy of a coherent with that of a
semi-coherent precipitate as a function of thickness, we predict a crit-
ical thickness of the precipitate before it becomes semi-coherent that
agrees well with the experimental observation.

MM 49.4 Thu 11:00 IFW D
Hot or cold: A guide on how to determine an optimal simula-
tion temperature in the Potts model for normal grain growth
— •Dana Zöllner — Institut für Experimentelle Physik, Otto-von-
Guericke- Universität Magdeburg, Universitätsplatz 2, 39106 Magde-
burg, Germany

The simulation temperature in the Monte Carlo Potts model of grain
growth is not correlated to any real experimental temperature and has
originally been introduced into the simulation purely to activate ther-
mal fluctuations that roughen the grain boundaries and prevent an
unphysical lattice effect - namely the pinning of grain boundaries and
their junctions to the underlying lattice.

In the present work it is shown that in the Monte Carlo Potts model
there is for a given implementation of the simulation algorithm and a
given set of lattice parameters a one-to-one correspondence between
the simulation parameters γ and m representing the specific grain
boundary energy and mobility in the simulation algorithm and the
phenomenological parameters in the equation of motion only for one
certain simulation temperature, T opt. In particular, it is discovered
that only the use of T opt reproduces the curvature driven kinetics
of normal grain growth, e.g., the von Neumann-Mullins-relation, cor-
rectly.

MM 49.5 Thu 11:15 IFW D
Atomistic simulation of a severe plastic deformation-induced
”high-energy” state of grain boundaries — •Lisa Neier1,
Sergiy Divinski1, Anantha Padmanabhan2, and Gerhard Wilde1

— 1Institut für Materialphysik, Westfälische-Wilhelms-Universität,
48149 Münster — 2University of Hyderabad, India

A comparison of microstructures and properties in materials subjected
to the later stages of severe plastic deformation or steady-state super-
plastic flow indicates several unexpected similarities especially with

respect to the interface response on the deformation, such as grain
boundary (GB) sliding events, which lead to a suppression of disloca-
tion activity. Making use of this idea, we propose to describe the exper-
imentally observed ”high-energy” (or ”non-equilibrium”) state of gen-
eral high-angle GBs in SPD-processed materials in terms of the concept
of shear localization in the interfaces and choosing oblate spheroids of
a few atomic diameters size as the basic units of sliding. Atomistic
simulations of these special GBs are performed. The coupling of grain
boundary motion in normal direction to a shear deformation paral-
lel to the grain boundary plane is investigated for these special grain
boundaries in comparison to those of different relaxed high angle grain
boundaries. Furthermore thermal equilibrium fluctuations of the grain
boundaries during the MD simulations are used to calculate the grain
boundary stiffness and analyze the influence of grain boundary struc-
ture and shear localization on the fluctuation spectrum.

MM 49.6 Thu 11:30 IFW D
Driving force and temperature dependence of grain bound-
ary motion — •Christian Brandl1, Danny Perez2, Timothy C.
Germann2, and Oliver Kraft1 — 1Karlsruhe Institute of Tech-
nology, Institute of Applied Materials, Karlsruhe, Germany — 2Los
Alamos National Laboratory, Theoretical Division, Los Alamos, USA

The motion of interfaces - in particular grain boundaries (GBs) - is
a fundamental mechanism of microstructure formation at high tem-
perature and long time scales (annealing, coarsening). Moreover GB
motion is also shown to be a deformation mechanism occurring at
high stresses and relative low temperatures as in deformation studies
of nanocrystalline metals and shock loading. Using MD simulations
and transition search methods (string method), we report on the in-
terface motion of an asymmetric GB in Cu to elucidate the role of
atomistic structure (morphology) and velocity-driving force relation
(mobility) as function of temperature. We show that the GB velocity
as a function of temperature and driving-force shows distinct regimes
of dynamics regimes ranging from pinning-depinning transition at low
temperature, through rare-event dynamics of critical kink-pair discon-
nection nucleation along intrinsic GB dislocations to approximate tem-
perature independent GB velocities. We will discuss the observation in
the context of necessary ingredients for a mesoscale model of interface
motion, which incorporates the atomic scale interface structure and
the different regimes of driving-force and temperature.

MM 50: Mechanical properties III - Evolution & deformation of microstructure

Time: Thursday 10:15–12:00 Location: IFW B

MM 50.1 Thu 10:15 IFW B
Liquid Ga penetration into ultra-fine grained Al —
•Mehrnoosh Naderi, Sergiy Divinski, and Gerhard Wilde — In-
stitute of Material physics, Münster, Germany

Under certain conditions, liquid metal can rapidly penetrate into a
solid, typically along grain boundaries the phenomenon known as liq-
uid metal embrittlement. One of the most spectacular examples of
such phenomena is the gallium penetration into an aluminum grain
boundary network. Most studies in this filed relate the liquid pene-
tration process to mechanical properties of the grain boundaries. In
this work the penetration behavior of liquid Ga in ultrafine grained Al
produced by high pressure torsion (HPT) was investigated by dilatom-
etry. Penetration of liquid Ga induces an unexpected, two-stage evo-
lution of free volume in ultra-fine grained Al. The developments of the
grain boundary decoration by liquid Ga and the surface evolution have
been examined by scanning electron microscopy and atomic force mi-
croscopy. The abnormal length change behavior is discussed in terms
of underlying mechanisms that control the Ga penetration.

MM 50.2 Thu 10:30 IFW B
Viscoplastic properties of copper with ultrafine grain struc-
ture after high-pressure torsion — •Jörn Leuthold, Matthias
Wegner, Martin Peterlechner, Sergiy V. Divinski, and Gerhard
Wilde — Institute of Materials Physics, University of Muenster, 48149
Muenster, Germany

Metals processed by severe plastic deformation possess a high density
of stored energy in the form of vacancies, dislocations, twins, high- and
low-angle grain boundaries. As a consequence of the grain refinement
towards the sub-micrometer range, the structure and thermal evolution

of grain boundaries as well as the interactions of the internal interfaces
with defects in the grain interior become decisive factors for thermal
stability, kinetic and plastic properties of the material. Even at low
homologous temperatures, the viscoplastic flow can significantly con-
tribute to the deformation mode when a mechanical stress is applied.
In this study, 99.99% pure copper was processed by High Pressure
Torsion (HPT) and investigated via nanoindentation. In addition to
the determination of hardness maps, the viscoplastic properties were
analyzed using long dwell times. Furthermore, uniaxial tensile tests
were performed to determine the strain rate sensitivity in load jump
tests. In combination with electron back scatter diffraction, the grain
size and misorientation distribution and texture were analyzed in the
as-deformed state and after additional tensile elongation at temper-
atures in the range from 293 K to 423 K. The results are discussed
with respect to dislocation-mediated and grain boundary dominated
mechanisms of plasticity.

MM 50.3 Thu 10:45 IFW B
Temperature-dependent shear behaviour of different grain
boundaries in aluminium: An MD and metadynamics study
— •Xueyong Pang and Rebecca Janisch — ICAMS, Bochum, Ger-
many

We investigate the temperature-dependent mechanical shear behaviour
of different tilt and twist grain boundaries in aluminium employ-
ing molecular dynamics and metadynamics simulation methods with
embedded-atom method type potentials. The goal is to relate the me-
chanical properties of interfaces to the features of the grain boundaries
gamma- respectively free energy surface, and thus to the grain bound-
ary structure and misorientation. In the molecular dynamics simula-
tions two different kinds of deformation modes were used to see the
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influence on the shear stress and the sliding mechanisms along different
sliding directions, e.g. an easy-sliding and a general direction. Both
molecular dynamics and metadynamics simulations were carried out at
different temperatures to see the variation in energy barriers and shear
strength as a function of temperature. The relation between structure
and the obtained properties will be discussed in the presentation.

MM 50.4 Thu 11:00 IFW B
Room temperature grain growth in polymer-supported Cu
and Au films during fatigue loading — •Oleksandr Glushko
and Megan Cordill — Erich Schmid Institute, Jahnstr 12, 8700
Leoben, Austria

In this contribution a systematic investigation of microstructural
changes in polymer-supported Cu and Au films under tensile fatigue
loading conditions is presented. Fatigue tests were performed under
total strain control and electrical resistance of the films was measured
in-situ during the test. To capture the changes in the grain structure
due to fatigue the EBSD and FIB ion channeling techniques were ap-
plied to the same areas of the films once before and once after cyclic
mechanical test. Using this approach significant grain coarsening was
observed in e-beam evaporated 500 nm thick Cu and Au films on poly-
imide. The grain coarsening effect is also manifested by the decrease of
film resistance during first 500-1500 cycles. Under certain conditions
the grain coarsening in gold films leads to total recrystallization and
grain sizes are increased by 400% already after 1000 cycles. The role
of grain coarsening in initiation and propagation of fatigue damage is
also discussed.

MM 50.5 Thu 11:15 IFW B
Mechanical alloying of Cu50Ta50 produced by high pressure
torsion — •Nazar Ibrahim, Martin Peterlechner, Sergiy Divin-
ski, and Gerhard Wilde — Institute of Materials Physics, Westfälis-
che Wilhelms-University Münster, Wilhelm-Klemm-Str. 10, 48149
Münster

Mechanical alloying (MA) is generally considered as a solid-state pow-
der processing technique, which involves repeated cold welding, frac-
turing and re-welding of powder particles in a high-energy ball mill.
Recently, high pressure torsion (HPT) has been considered as a new
MA method and was used for the fabrication of advanced materials
with unique properties. In this work, HPT-induced mechanical alloy-
ing has been studied in the case of the immiscible Cu-Ta system. Cu
and Ta foils with a thickness of 0.025 mm and a diameter of 10 mm
were assembled alternatingly and subjected to HPT processing under
an applied pressure of 4 GPa for 10, 30, 50, 100 and 150 turns at a
rotational speed of 1.5 rpm. The phase constitution and microstruc-
tures were examined by X-ray diffraction, transmission and scanning
electron microscopy. Additionally, the samples were characterized via
microhardness measurements. It was shown that the HPT processing
for 150 turns allows to completely mix Cu and Ta.

MM 50.6 Thu 11:30 IFW B
High-strength titanium-based materials processed by se-

lective laser melting — •Hooyar Attar1,2, Mariana Calin2,
LaiChang Zhang1, and Jürgen Eckert2,3 — 1Edith Cowan Uni-
versity, Perth, WA 6027, Australia — 2IFW Dresden, Institute for
Complex Materials, P.O. Box 270116, D-01171 Dresden, Germany —
3TU Dresden, Institute of Materials Science, D-01062 Dresden, Ger-
many

Titanium and its alloys are widely used in biomedical industries. Im-
provement of their mechanical properties plays an important role in
enhancing the biomechanical compatibility of Ti-based implants, lead-
ing to increase their longevity in the human system. The traditional
processing technologies utilized for manufacturing medical devices are
usually highly time and material consuming processing steps. Selec-
tive laser melting (SLM)is providing the ideal platform for produc-
ing components with almost no geometric constraints and is econom-
ically feasible down to a batch size of one. In the present work, op-
timal manipulation of SLM parameters were used to produce high
strength commercially pure titanium (CP-Ti) and Ti-TiB composites
with superior properties than those of conventionally processed. Re-
sults showed that mechanical properties of SLM-processed CP-Ti have
been significantly increased compared to those of traditionally man-
ufactured. The noticeable improvement of mechanical properties of
SLM-processed CP-Ti is result of ultrafine martensitic grains formed
during the SLM process. Moreover, micro-hardness and compressive
strengths of the CP-Ti were increased greatly when it was reinforced
with TiB particles.

MM 50.7 Thu 11:45 IFW B
Influence of pressure during high pressure torsion of NiAl
— •Christine Tränkner1, Robert Chulist2, Werner Skrotzki1,
Benôıt Beausir3, Thomas Lippmann4, Jelena Horky5, and
Michael Zehetbauer5 — 1Institut für Strukturphysik, Technische
Universität Dresden, Dresden, Germany — 2Instytut Metalurgii i
Inzynierii Materia lowej, Polskiej Akademii Nauk, Kraków, Poland
— 3Laboratoire d’Etude des Microstructures et de Mécanique des
Matériaux, Université de Lorraine, Metz, France — 4Institut für Werk-
stoffforschung, Helmholtz-Zentrum Geesthacht, Geesthacht, Germany
— 5Fakultät für Physik, Universität Wien, Wien, Austria

NiAl is an intermetallic compound with a brittle-to-ductile-transition
temperature at about 300◦C and ambient pressure. As shown in [1],
fracture stress and fracture strain are increased under high pressure.
Therefore, deformation at low temperatures is only possible at high
pressures, as for instance used in high pressure torsion (HPT). In order
to study the influence of pressure on texture evolution and microstruc-
ture formation, small discs of polycrystalline NiAl were deformed by
HPT at temperatures ranging from room temperature to 500◦C and
pressures from 2 to 8 GPa. For low temperatures higher pressures
lead to less cracking and slipping. Regarding texture, pressure mainly
influences the intensities of the texture components. Grain size also
changes with pressure. For deformation at 500◦C, the grains in the 2
GPa sample are twice as large as in the material deformed at 8 GPa.
The results will be discussed with regard to dynamic recrystallization.

[1] R. Margevicius et al., Met. Mater. Trans. A 25, 1994, 1457-1470.

MM 51: Liquid and Amorphous Metals III - Electronic properties of amorphous alloys

Time: Thursday 10:15–11:15 Location: IFW A

MM 51.1 Thu 10:15 IFW A
How structures form and properties emerge — •Peter Häus-
sler — Chemnitz University of Technology, Physics Institute, 09107
Chemnitz, Germany

The formation of crystals and the accompanied emergence of their
physical properties are far from being understood. Quantum chem-
istry, statistical physics, as well as thermodynamics all play an in-
dispensable role. But, each of them is unable to solve the problem
alone. The formation of structure cannot be explained by interact-
ing individual atoms alone, instead, their cooperative actions should
properly be accounted too. Cooperatively acting species would re-
duce the tremendous number of parameters to a manageable level. In
this contribution we report on global subsystems and their interaction.
Under the given external constraints they form global resonances by
self-organizing mutually their internal features, causing global anti-
bonding as well as bonding states at different energies. Accordingly,
by occupying the latter, both, the decrease of the total energy and

the creation of entropy become maximal. Pseudo-gaps arise at the
Fermi energy and by this, major structural features are influenced.
Electronic transport anomalies, the thermal stability, as well as many
others emerging physical quantities are strongly influenced.

Our description follows the formal language of thermodynamics by
an extended version (General Dynamics) applied to the global subsys-
tems and introduces momentum as well as angular momentum, both
included in quantum chemistry and statistical physics, but not in clas-
sical thermodynamics, so is able to form a bridge between them.

MM 51.2 Thu 10:30 IFW A
What do electron energy loss spectra of binary amorphous
Al-TM alloys tell us? — •Martin Stiehler, Syed Sajid Ali
Gillani, Pierre Pudwell, Hans Weber, and Peter Häussler —
Technische Universität Chemnitz, D-09107 Chemnitz

Some time ago (J. Phys. Chem. Sol. 68 (2007) 1244) we reported on
an intriguing systematic feature in the electron energy loss spectra of
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binary amorphous (a) Al alloys with transition metals (TM) from the
fourth period of the periodic table (3d-TM). If interpreted as caused
by the excitation of volume plasmons the 3d-TM would have to be
counted with a constant valency of 5 e/a irrespective of the particular
3d-TM and irrespective of their concentration in the alloy. In contrary
to amorphous alloys without d-states at the Fermi edge this valency
would not coincide with the “usual” valency used in calculating, for
example, the Fermi-sphere diameter.

In our talk data on a-Al-(Ca,Sc,Ti,V,Cr,Mn,Fe,Co,Ni,Y,Pd,Ce) is
presented, showing that the aforementioned systematics can also be
observed in systems with 4d- and 5d-TM. One possible explanation
is based on the influence of inter-/intraband transitions due to the
d-states of the TM. For further insight we compare our results with
literature data on systems with non-transition metals like Al-(Mg,Zn)
in the crystalline state and with amorphous Ga-Mn alloys. The latter
is to clarify the role of Al in the systems.

MM 51.3 Thu 10:45 IFW A
Amorphous Al-Pd Alloys – Structure and electronic proper-
ties — •Pierre Pudwell, Martin Stiehler, and Peter Häussler
— Technische Universität Chemnitz, 09107 Chemnitz

The electronic influence on the formation of the static structure in con-
densed matter is known since decades. Furthermore, it is also known
that not only the latter subsystem is able to adjust, but the electronic
subsystem itself is also variable. Amorphous alloys were found to be
perfectly suited to explore this mutual relationship which is based on
an internal exchange of momentum between the two mentioned sub-
systems, in detail. Both subsystems try to come into resonance to
each other. During the last years we reported on a particular variabil-
ity of the electronic subsystem in Al-3d-TM alloys (TM: Sc, . . . , Cu)
by hybridization effects between Al-3p- and TM-3d-states. In order to
test whether such a hybridization-enhanced resonance is also effective
in other systems, we are about to extend our investigations to systems
with 4d- and 5d-TM.

In our contribution we show data on Al-Pd alloys as representative

for a system with 4d-TM. Thin films of the material with thicknesses
around 50 nm were deposited in high-vacuum at cryogenic tempera-
tures. The electrical resistivity was measured during annealing to sev-
eral hundred K, the static atomic structure after annealing to 350K.
By comparing the diameter of the strongest diffraction ring with the
diameter of the Fermi-sphere, stabilizing resonances based upon differ-
ent mechanisms, leading to several concentration regions with different
structural and electronic behaviour, were identified.

MM 51.4 Thu 11:00 IFW A
Magnetic-Nonmagnetic Transition Observed by Disorder-
Order Transition in Quasicrystalline AlPdFe Thin Films by
means of Magnetotransport Properties — •Jose Barzola-
Quiquia1,2, Martin Stiehle2, and Peter Häussler2 — 1Abteilung
Supraleitung und Magnetismus, Institut für Experimentelle Physik II,
Universität Leipzig, Linnestr. 5, D-04103, Germany — 2Abteilung
Physik Dünner Schichte, Institut für Physik, Technische Universität
Chemnitz, D-09107, Germany

We report measurement results of the electrical resistivity, magnetore-
sistance and Hall effect of Al70Pd20Fe10 alloy in amorphous and qua-
sicrystalline phases. The measurements were performed in a temper-
ature range of 1.2 to 300 K, applying fields of ±8 T. An anomalous
contribution to the Hall effect, induced by the magnetic order is ob-
served only in the amorphous phase, after the transformation to the or-
dered quasicrystalline phase, this anomalous contribution disappears.
Atomic structure information obtained by transmission electron spec-
troscopy reveals that the local icosahedral order is already present in
the amorphous phase and is improved by the transition to the qua-
sicrystalline phase. SQUID magnetometry measurements verify the
magnetic properties of the amorphous phase and confirm the param-
eters obtained from the resistance measurements. The experimental
results can be understood in the frame of electronic stabilized sys-
tems, where hybridization effects of Al−s, p with Fe−d electrons, play
an important role.

MM 52: Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium
Phenomena at the Nano-scale VI (O with HL/TT/MM)

Time: Thursday 10:30–13:15 Location: TRE Ma

Topical Talk MM 52.1 Thu 10:30 TRE Ma
Localization at the edge of 2D topological insulator by Kondo
impurities — •Boris Altshuler1, Igor Aleiner1, and Vladimir
Yudson2 — 1Physics Department, Columbia University, New York,
NY 10027, USA — 2Institute for Spectroscopy, Russian Academy of
Sciences,Troitsk, Moscow 142190, Russia

Recent interest to the topological insulators [1] is inspired by the fact
that their boundaries host gapless electronic excitations, which are
extended and make the system conductive even in the presence of a
potential disorder. 1D edge of a 2D topological insulator is predicted
to have perfect conductance (2e2/h): right and left moving electrons
carry opposite spins and potential disorder cannot flip spins and thus
causes neither back-scattering nor the usual 1D localization.

What if there are localized spins coupled to the edge electrons? It
turns out that the conductivity is still perfect provided that this cou-
pling conserves the z-projection of the total spin of the impurities and
electrons. Magnetic anisotropy violates this conservation and causes
the backscattering even at T=0, i.e. an arbitrary small density of the
spins with arbitrary weak anisotropy of the coupling leads to Ander-
son localization of the edge states in long enough samples [3]. The
conclusion follows from the mapping of the electron-spin coupling to
the well-studied problem [2] of disordered Luttinger liquid.

1. M.Z. Hasan and C.L. Kane, Rev. Mod. Phys. 82, 3045 (2010).
2. T.Giamarchi and H.J.Schulz, Phys. Rev. B 37, 325 (1988).
3. B.L.Altshuler, I.L.Aleiner, V.I. Yudson Phys. Rev. Lett
111, 086401 (2013)

MM 52.2 Thu 11:00 TRE Ma
Multiple Exciton Generation in Si and Ge Nanoparticles with
high pressure core structures — •Stefan Wippermann1, Mar-
ton Vörös2, Dario Rocca3, Adam Gali4, Gergely Zimanyi2, and
Giulia Galli2 — 1Max-Planck-Institute for Iron Research, Düsseldorf
— 2University of California, Davis — 3Universite de Lorraine, Nancy

— 4Budapest University of Technology and Economics

Multiple exciton generation (MEG) in semiconductor nanoparticles
(NPs) is a promising path towards surpassing the Shockley-Queisser
limit in solar energy conversion efficiency. Recent studies demonstrate
MEG to be more efficient in NPs than in the bulk, including Si. How-
ever, the increased efficiency is observed only on a relative energy scale
in units of the gap: quantum confinement (QC) effects believed to be
responsible for efficient MEG in NPs, also increase their optical gap,
swiftly shifting the MEG threshold beyond the solar spectrum.

We present density functional and many body perturbation theory
calculations of the electronic, optical, and impact ionization properties
of Si and Ge nanoparticles (NPs) with core structures based on high-
pressure bulk Si and Ge phases. Si and Ge particles with a BC8 or
ST12 core structure exhibit significantly lower optical gaps and multi-
ple exciton generation (MEG) thresholds, and an order of magnitude
higher MEG rate than diamondlike ones of the same size (1).

(1) S. Wippermann et al., Phys. Rev. Lett. 110, 046804 (2013)

MM 52.3 Thu 11:15 TRE Ma
Advanced time-evolution method for optical absorption spec-
tra calculations — •Tobias Sander and Georg Kresse — Com-
putational Materials Physics, University of Vienna, Sensengasse 8/12,
1090 Vienna, Austria

The Green’s function formalism from many-body perturbation theory
gives access to electronic structure calculation within the quasiparticle
picture, as well as provides for calculating optical absorption spectra.
Within the traditional ansatz [1], a Bethe-Salpeter like equation for
the polarizability is solved. This requires to diagonalize an in general
non-hermitian and complex matrix (BSE matrix). Usually, the off-
diagonal elements of the BSE matrix are neglected and this is referred
to as Tamm-Dancoff approximation. The computational effort can be
reduced by using the time-evolution ansatz [2] which avoids the matrix
diagonalization. We present a method based on the time-evolution al-
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gorithm, that finally avoids storing and diagonalizing the BSE matrix.
This leads to a reduction of the scaling w.r.t the system size N from
N5 to N3. Finally, we present first results for typical systems.

[1] S. Albrecht, L. Reining, R. Del Sole, G. Onida, PRL 80, 4510
(1998)
[2] W. G. Schmidt, S. Glutsch, P. H. Hahn, F. Bechstedt, PRB 67,
085307 (2003)

MM 52.4 Thu 11:30 TRE Ma
New starting point for the calculation of optical proper-
ties — •Igor Reshetnyak1,2 and Lucia Reining1,2 — 1Laboratoire
des Solides Irradiés, École Polytechnique, CNRS, CEA-DSM, F-91128
Palaiseau, France — 2European Theoretical Spectroscopy Facility
(ETSF)

The Bethe-Salpeter Equation based on Hedin’s GW approximation
to the self-energy is a powerful approach for describing electron-hole
interactions in optical properties and photo-absorption spectra. How-
ever, in its current formulation it is both computationally heavy and
displays cancellation effects not accounted for analytically. We discuss
the sources of these cancellations and the possibility of putting them
forward explicitly. We furthermore assess alternative formulations and
sets of approximations to the BSE. For each of them we examine its
behavior on model systems as well as their computational applicability.
Finally we suggest possible directions for further investigations.

MM 52.5 Thu 11:45 TRE Ma
Electron-Energy Loss and Inelastic X-ray Scattering of CuO
from First Principles — •Claudia Rödl, Francesco Sottile,
Matteo Gatti, and Lucia Reining — Laboratoire des Solides
Irradiés, Ecole Polytechnique, CNRS, CEA-DSM, 91128 Palaiseau
cedex, France and European Theoretical Spectroscopy Facility (ETSF)

Even though the strongly correlated transition-metal oxide CuO has
many fields of application (potential absorber material in photovoltaic
devices, pigment in glass and ceramics, building block of cuprate su-
perconductors,...), surprisingly little is known about its electronic ex-
citations from a theoretical point of view. The band gap and all elec-
tronic excitations in its vicinity are governed by the intricate interplay
between itinerant O 2p and localized Cu 3d electrons. Complex many-
body effects, that are still not well understood nowadays, determine
the screening of the electron-electron interaction.

Electron-energy loss and inelastic x-ray scattering experiments yield
direct access to the wave-vector- and frequency-dependent loss func-
tion − Im ε−1

GG′ (q, ω), and, hence, to the screened Coulomb interac-
tion W . We use time-dependent density-functional theory (TDDFT)
to calculate the loss spectrum of CuO and discuss the occurring d-d
and plasmon excitations. This allows us, by comparing theory and
experiment, to assess the quality of the screened Coulomb interaction
which is a key quantity for many-body approaches, for instance, GW
and Bethe-Salpeter calculations.

MM 52.6 Thu 12:00 TRE Ma
Optical Spectra from Molecules to Solids: Insight from
Many-Body Perturbation Theory — •Caterina Cocchi and
Claudia Draxl — Humboldt-Universität zu Berlin, Institut für
Physik and IRIS Adlershof, Berlin, Germany

The spurious long-range behavior of time-dependent (TD) density
functional theory (DFT) is a well known source of error in describing
bound excitons in solids. Remarkably, TD-DFT is often able to cap-
ture the optical features of isolated systems, even with the most simple
exchange-correlation kernels, like the TD local density approximation.
With the example of molecular crystals, we aim at solving the puzzle
when and why TD-DFT can be relied on. We answer this question by
confronting TD-DFT with many-body perturbation theory (GW and
Bethe-Salpeter equation), which is the most accurate methodology to
describe optical excitations in solids. Our results are obtained with
the all-electron code ”exciting” (http://exciting-code.org), where all
the quantities entering the two formalisms are treated on the same
footing [1]. In-depth analysis allows us to identify the shortcomings of
TD-DFT in predicting the excitonic spectra of extended systems and
to understand when this methodology is capable of providing correct
results.

[1] S. Sagmeister and C. Draxl, Phys. Chem. Chem. Phys. 11, 4451
(2009)

MM 52.7 Thu 12:15 TRE Ma
Relativistic Solar Cells — •Paolo Umari1, Edoardo Mosconi2,

and Filippo De Angelis2 — 1Dipartimento di Fisica e Astrono-
mia, Università di Padova, via Marzolo 8, I-35131 Padova, Italy
— 2Computational Laboratory for Hybrid/Organic Photovoltaics
(CLHYO), CNR-ISTM, Via Elce di Sotto 8, I-06123, Perugia, Italy

Hybrid AMX3 perovskites (A=Cs, CH3NH3; M=Sn, Pb; X=halide)
have revolutionized the scenario of emerging photovoltaic technolo-
gies. Indeed, a rapid evolution led, very recently, up to 15% efficient
solar cells. CH3NH3PbI3 has so far dominated the field, while the
similar CH3NH3SnI3 has not been explored for photovoltaic applica-
tions, despite the reduced band-gap. Replacement of Pb by the more
environment-friendly Sn would facilitate the large uptake of perovskite-
based photovoltaics. Despite the extremely fast progress, the materials
electronic properties which are key to the photovoltaic performance are
relatively little understood. Here we develop an effective GW method
incorporating spin-orbit coupling which allows us to accurately model
the electronic, optical and transport properties of CH3NH3SnI3 and
CH3NH3PbI3, opening the way to new materials design. The differ-
ent CH3NH3SnI3 and CH3NH3PbI3 properties are discussed in light
of their exploitation for solar cells, and found to be entirely due to
relativistic effects.

MM 52.8 Thu 12:30 TRE Ma
Solar nanocomposites with complementary charge extrac-
tion pathways for electrons and holes: Si embedded in ZnS
— •Stefan Wippermann1, Marton Vörös2, Adam Gali3, Fran-
cois Gygi2, Gergely Zimanyi2, and Giulia Galli2 — 1Max-Planck-
Institute for Iron Research, Düsseldorf — 2University of California,
Davis — 3Budapest University of Technology and Economics

We propose that embedding silicon nanoparticles (NP) into amor-
phous, non-stoichiometric ZnS leads to promising nanocomposites for
solar energy conversion. Using ab initio molecular dynamics simula-
tions we show that upon high temperature amorphization of the host
chalcogenide, sulfur atoms are drawn to the NP surface. We found
that the sulfur content may be engineered to form a type II hetero-
junction, with complementary charge transport channels for electrons
and holes, and that sulfur capping is beneficial to lower the nanopar-
ticle gap, with respect to that of NPs embedded in oxide matrices.
Our analysis was conducted using density functional theory with local
and hybrid functionals and many body perturbation theory at the GW
level.

MM 52.9 Thu 12:45 TRE Ma
Ultraviolet photo-emission spectroscopies from Koopmans-
compliant functionals — •Ngoc Linh Nguyen1, Giovanni
Borghi1, Andrea Ferretti2, Ismaila Dabo3, and Nicola Marzari1

— 1Theory and Simulations of Materials, École Polytechnique
Fédérale de Lausanne, Station 12, 1015 Lausanne, Switzerland. —
2Centro S3, CNR-Istituto Nanoscienze, I-41125 Modena, Italy —
3Department of Materials Science and Engineering, The Pennsylva-
nia State University, University Park, USA.

We study the photo-electron properties of organic photovoltaic
molecules using Koopmans-compliant functionals [1] as well as the
Perdew-Zunger self-interaction correction (PZ-SIC) [2] to density-
functional theory. A simple method for simulating ultraviolet photo-
emission spectra (UPS) of molecules has been implemented. It is based
on a plane-wave approximation for the final states to account for the
spectra intensities. Our calculations show that Koopmans-compliant
functionals provide ionization potentials and electron affinities closely
comparable with those obtained by many-body perturbation theory
(GW). In addition, we find that UPS spectra computed imposing
the Koopmans’ condition on the PZ-SIC functional are in remarkable
agreement with experimental results.

Refs: [1] I. Dabo, A. Ferretti, N. Poilvert, Y. Li, N. Marzari, and M.
Cococcioni, Phys. Rev. B 82, 115121 (2010); [2] J. P. Perdew and A.
Zunger, Phys. Rev. B 23, 5048 (1981).

MM 52.10 Thu 13:00 TRE Ma
Self-consistent dynamical embedding in real space —
•Wael Chibani1, Xinguo Ren1,2, Patrick Rinke1, and Matthias
Scheffler1 — 1Fritz Haber Institute of the Max Planck Society,
Berlin, Germany — 2Key Laboratory of Quantum Information,
USTC, Hefei, China

Density-functional theory with its local-density (LDA) and generalized
gradient approximations (GGA) is known to fail for localized states.
To extend ab initio approaches to this domain, we have devised an
embedding scheme that facilitates the treatment of the physically im-
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portant part of a system with electronic structure methods, that are
computationally too expensive for periodic systems, whereas the rest
of the periodic system is treated with computationally less demanding
approaches, i.e. LDA/GGA, in a self-consistent manner. Our scheme
is based on the concept of dynamical mean-field theory (DMFT) [1].
However, in contrast to the original DMFT formulation for correlated
model Hamiltonians, we consider here the unit cell as embedded cluster
in an ab initio way, that includes all electronic degrees of freedom. The

performance of our scheme is demonstrated by treating the embedded
region with hybrid functionals for simple bulk systems, e.g. Si or NiO.
The total energy and the density of states converge rapidly with re-
spect to the computational parameters and approach their bulk limit
with increasing cluster size. By treating the embedded region with
GW we were able to improve the band gap using only a small cluster.
The effect of self-consistency in GW for the embedded region will also
be addressed. [1] A. Georges et al., Rev. Mod. Phys. 68,14 (2006)

MM 53: Topical session: X-ray and neutron scattering in materials science II - Atomic migration
studies ranging from neutrons to coherent X-rays

Time: Thursday 11:45–13:15 Location: BAR 205

Topical Talk MM 53.1 Thu 11:45 BAR 205
Atomic migration studies ranging from neutrons to coherent
X-rays — •Bogdan Sepiol1, Markus Stana1, Manuel Ross1, and
Michael Leitner1,2 — 1Universität Wien, Fakultät für Physik, Boltz-
manngasse 5, 1090 Wien, Austria — 2Heinz Maier-Leibnitz Zentrum
(MLZ), Technische Universität München, Lichtenbergstr. 1, 85748
Garching, Germany

Numerous properties of materials can be attributed to the movement
of single atoms. Understanding the processes involved in atomic trans-
port is therefore of great importance for improving both the fabrication
and the stability of materials. Studies of diffusion mechanisms on the
atomic scale are, however, particularly challenging. Just a few methods
are sensitive to movements on the atomic scale but they are limited to
a restricted number of suitable isotopes. Due to these limiting factors
it is very difficult or even impossible to apply these methods for study-
ing metastable systems like glasses or nanocrystalline materials on the
atomic scale. The advent of modern synchrotron sources opened the
way for a new experimental technique which is not subject to these
restrictions. I will follow in my talk the development of atomic migra-
tion studies ranging from quasielastic neutron scattering, quasielastic
Mössbauer spectroscopy, nuclear resonant scattering until the most ad-
vanced method for studying dynamics in solid state materials called
atomic-scale X-ray photon correlation spectroscopy.

This work was financially supported by the Austrian Science Fund
(FWF) P-22402.

MM 53.2 Thu 12:15 BAR 205
Hydrogen motion in LiBH4 across the structural phase tran-
sition — •Luca Silvi and Wiebke Lohstroh — Forschungsneutro-
nenquelle Heinz Maier-Leibnitz FRM II, Lichtenbergstrasse 1, 85747
Garching, Germany

Lithium Borohydride (LiBH4) has an intense research activity due to
its high hydrogen content (18.4 mass% H2 and 121.3 kg/m3 of gravi-
metric and volumetric hydrogen density). The slow sorption kinetics
and the high temperatures required for hydrogen exchange are major
obstacle for everyday-life applications. In LiBH4, hydrogen is bonded
covalently to a central Boron atom forming a (negatively charged)
tetrahedron, and the BH4 unit bonds ionically to Li ion. By means of
Quasielastic Neutron Scattering (QENS), the localized hydrogen mo-
tions were investigated as a function of temperature, across the phase
structural transition at 380 K. QENS have been performed at the di-
rect time-of-flight neutron spectrometer TOFTOF at FRM-II, and the
Elastic Incoherent Structure Factor (EISF) could be determined in a
momentum transfer-range up to 4 Å−1. The large dynamical range is
essential for the discrimination of different kind of rotational modes. At
temperature below the phase transition, 120◦ rotations occur around
the C3 symmetry axis of the BH4 unit. As the phase transition is
approached, the dynamic of the BH4 unit changes continuously. At an
intermediate state, a tumbling motion of the tetrahedron is observed,
while at 413K the hydrogen motion is best described as a diffusion on
a surface of a sphere. The results confirm that the structural phase
transition is closely linked with the dynamic of the BH4 units.

MM 53.3 Thu 12:30 BAR 205
Study of Slow Dynamic processes with Depth Resolution —
•Oxana Ivanova1, Olaf Holderer1, and Michael Monkenbusch2

— 1Jülich Centre for Neutron Science, Forschungszentrum Jülich,
Aussenstelle am MLZ, Garching, Germany — 2JCNS-Jülich Centre
for Neutron Science, Forschungszentrum Jülich, Jülich, Germany

Neutron spin-echo (NSE) spectroscopy is a scattering technique where

the spin precession of polarized neutrons in magnetic field is used
to achieve the highest energy resolution for measuring tiny veloc-
ity changes of the neutron during the scattering process. Unlike
the other inelastic scattering techniques, such as time-of-flight spec-
troscopy, NSE measures the intermediate scattering function S(Q,t) in
reciprocal space and time directly. Microscopic to macroscopic time
range on large and intermediate length scales are covered.

High energy resolution, low background and high stability of the
Jülich Neutron Spin-Echo spectrometer (J-NSE) at Heinz Maier-
Leibnitz Zentrum (MLZ) makes the instrument suitable for grazing
incidence technique. Along with conventional NSE spectroscopy, which
enables the measurements in bulk, grazing incidence NSE spectroscopy
(GINSES) can be used as dynamic analog to GISANS in order to re-
solve depth dependent near surface motions. Typical applications of
J-NSE include dynamics in soft matter systems (polymers in solution
and under confinement, microemulsions, blends, microgels, proteins,
membranes, nano-composites) or paramagnetic properties of e.g., spin
glasses. Some examples of the recent experiments will be presented.

MM 53.4 Thu 12:45 BAR 205
Microscopic structure of supercooled water studied by x-
ray Compton scattering — •Juri Nyrow1, Felix Lehmkühler2,
Mikko Hakala3, Thomas Büning1, Ingo Steinke2, Agnieszka
Poulain4, Thomas Buslaps4, Metin Tolan1, and Christian
Sternemann1 — 1Fakultät Physik/DELTA, Technische Universität
Dortmund, 44221 Dortmund, Germany — 2Deutsches Elektronen-
Synchrotron DESY, 22607 Hamburg, Germany — 3Department of
Physics, University of Helsinki, FI-00014 Helsinki, Finland — 4ESRF,
38043 Grenoble Cedex 9, France

The structure of the hydrogen bond network of water at ambient and
in supercooled conditions is controversially discussed, e.g. with respect
to a mixture of two phases, LDW (low density water) and HDW (high
density water). HDW and LDW phases differ fundamentally in respect
of the local structure, with the high density phase showing a highly
disturbed OH bonding network and the low density phase showing a
nearly tetrahedral coordinated water network. Recently inelastic neu-
tron scattering studies reported a disturbance of the water network
at slight supercooling. We investigated changes in the local molecu-
lar structure in supercooled water for temperatures down to 256 K by
x-ray Compton scattering and found evidence for structural changes
which will be discussed on the basis of different structure models.

MM 53.5 Thu 13:00 BAR 205
Mechanical properties of mesocomposite silk fibres:
viscoelasticity, structural and molecular origin — •Igor
Krasnov1, Tylo Sydle2, Michael M. Koza2, Manfred
Burghammer3, and Martin Müller1 — 1Helmholtz-Zentrum,
Geesthacht, Germany — 2ILL, Grenoble, France — 3ESRF, Grenoble,
France

To study the response of silk to a mechanical perturbation we monitor
the changes of the microscopic structure of silk as well as the molecular
dynamics of the amorphous phase. In oder to achieve this goal in situ
scattering experiments were performed: synchrotron radiation X-rays
and cold neutrons were used as probes of the structure and dynamics,
respectively. Much attention was devoted to the temporal evolution.
Generally, a link between the macroscopic viscoelastic behaviour and
the mechanism at the molecular length scales has been established.
With our experimental techniques and analyses we could separate the
mechanical properties of the crystalline region of silk from those of
the amorphous part, as well as show their interplay [1]. Interesting
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novel results were also obtained concerning the long-time mechanical
relaxation of silk and molecular diffusion processes. Both phenom-
ena exhibit definitive memory effects and can be well described by
the models based on fractional calculus. Despite the fact that these

phenomena belong to very different temporal and spatial levels the
fractional characteristics of these phenomena are very similar.
[1] Krasnov I., et al. PRL 100, 048104 (2008)

MM 54: Computational Materials Modelling VIII - Functional materials

Time: Thursday 12:00–13:00 Location: IFW D

MM 54.1 Thu 12:00 IFW D
Modeling lithium-titanium-oxide materials with structural
disorder — •Saskia Stegmaier, Hendrik Heenen, Jörg Meyer,
Christoph Scheurer, and Karsten Reuter — Technische Univer-
sität München, Germany

Lithium-titanium-oxides are studied intensively owing to their appli-
cations as electrode materials in rechargeable lithium-ion batteries.[1]
Studies that aim for a better atomic scale understanding of the pa-
rameters which influence materials properties and dynamic processes
face the challenge that materials like Li4Ti5O12 (LTO) show struc-
tural disorder even in their pure-phase bulk crystal structures. A way
to deal with occupational disorder in theoretical studies is the use of
supercell structure models. While larger supercells allow for a better
representation of the statistical distribution of atom types, they also
incur computational costs that quickly become untractable for first
principles methods. In consequence, density-functional theory (DFT)
calculations on structural features and Li ion diffusion are in practice
often carried out for rather small supercell structures. We scrutinize
the reliability of such calculations and use force field and DFT methods
to evaluate the configuration space for LTO materials with structural
disorder.
[1] M. V. Reddy, G. V. Subba Rao, B. V. R. Chowdari, Chem. Rev.
2013, 113, 5364.

MM 54.2 Thu 12:15 IFW D
Conducting monolayers of Sodium at stacking faults in Sil-
icon — •Benedikt Ziebarth1,2, Matous Mrovec1,2, Christian
Elsässer1,2, and Peter Gumbsch1,2 — 1Fraunhofer IWM, Freiburg,
Germany — 2Karlsruhe Institute of Technology, IAM-ZBS, Karlsruhe,
Germany

Sodium decorated stacking faults (SFs) in Silicon were identified re-
cently as an origin for potential-induced-degradation failure of solar-
cell modules based on crystalline silicon [1]. The SFs were observed
to be covered by about one monolayer of Na atoms, and this dec-
oration was interpreted to cause local electrical short-circuits of the
p-n-junction in the solar cell. In the present study such a SF in Si dec-
orated with Na was investigated by means of density functional theory
in order to elucidate its structural, diffusion and electronic proper-
ties. The Na atoms lead to a substantial elongation of Si-Si bonds
across the SF. Minimum-energy-path calculations for Na atoms diffus-
ing along the SF yield a strong dependence of the activation barrier
on the degree of layer coverage of the SF with Na. In a SF with a half
monolayer of Na the barrier is higher than for interstitial Na in bulk
Si, whereas in a SF with a full monolayer of Na the barrier is lower by
an order of magnitude. Electronic-structure calculations reveal that
the Na at the SF cause defect levels in the band gap of Si which are

partially filled and hence lead to electrical conduction along the SF.
[1] V. Naumann et al., phys. stat. sol. (RRL) 6, 331-333 (2012).

MM 54.3 Thu 12:30 IFW D
An ab-initio study of muscovite mica — •Anoop kishore Vatti,
Mira Todorova, and Jörg Neugebauer — Max-Planck-Insitut für
Eisenforschung GmbH, Düsseldorf, Germany

Muscovite mica is the most significant phyllosillicate mineral in the
mica series. It is widely used as a substrate in various experiments in-
vestigating the structure of water, because it is easily cleaved yielding
an atomically smooth surface structure. We perform density-functional
theory calculations to study the bulk and surface properties of mus-
covite mica using both the Local Density Approximation (LDA) and
the Generalized Gradient Approximation (PBE-GGA). Inclusion of the
semi-empirical dispersion correction of Grimme (vdW-D2) turns out to
be essential in order to achieve an accurate description of the system.
The structural parameters,elastic constants and electronic structure
of muscovite mica will be discussed, as well as the thermodynamic
stability of different surface terminations.

MM 54.4 Thu 12:45 IFW D
Modeling the screening in atomically thin layers — •Ralf
Hambach1, Philipp Wachsmuth1, Gerd Benner2, and Ute Kaiser1

— 1Electron Microscopy Group of Materials Science, Ulm Univer-
sity, Albert-Einstein-Allee 11, 89081 Ulm, Germany — 2Carl Zeiss
Microscopy GmbH, Carl-Zeiss-Str. 22, 74447 Oberkochen, Germany

In this joint experimental and theoretical work, we investigate the
electronic screening in free-standing, tilted graphene as prototype 2D
material. To this end, the momentum-dependent electron energy-loss
function has been measured by angular-resolved electron energy-loss
spectroscopy up to 40eV using a transmission electron microscope
(SALVE-I [1]). Corresponding ab-initio calculations in the framework
of time-dependent density-functional theory have been performed us-
ing a plane-wave pseudopotential code [2,3]. We find very good agree-
ment between experimental and theoretical results both for in-plane
and for out-of-plane momentum transfers.

Starting from our ab-intio calculations, we assess the importance
of out-of-plane excitations in the electronic screening and discuss the
validity of a two-dimensional description of graphene which is often
applied in model calculations by neglecting the extension in perpendic-
ular direction. Finally, we discuss simple dielectric models to describe
the anisotropy of graphene and the observed plasmon dispersion.

[1] Kaiser et al, Ultramicroscopy 111 1246 (2011)
[2] AbInit: Gonze et al, Comp. Mat. Sci. 25 (2002)
[3] Olevano, Reining, Sottile, http://www.dp-code.org (1998)
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MM 55: Nanomaterials III - Electronic, magnetic and optical properties

Time: Thursday 12:00–13:15 Location: IFW B

MM 55.1 Thu 12:00 IFW B
Dimension and angle dependence of coercivities and magne-
tization reversal mechanisms in fourfold ferromagnetic sys-
tems — •Tomasz Blachowicz1 and Andrea Ehrmann2 — 1Silesian
University of Technology, Institute of Physics, Gliwice, Poland —
2Niederrhein University of Applied Sciences, Mönchengladbach, Ger-
many

Stability of magnetic states during evolution from saturation to anti-
saturation and vice-versa, especially at remanence, belongs to the im-
portant issues in examination of magnetic nanosamples. Our presen-
tation gives an overview of different fourfold magnetic wire systems,
simulated by Magpar. Wire lengths have been chosen from 30 nm to
70 nm, while single wires have length-to-diameter ratios between 3 and
11. All simulations have been carried out for several angular in-plane
directions of the externally applied field, ranging from 0◦ (parallel to a
pair of wires) to 45◦. Depending on system dimensions and field orien-
tation, different magnetization reversal mechanisms could be observed
as well as changes between stable and instable magnetic states [1].

Intermediate states at vanishing external field, reached by minor
loops starting at steps in the hysteresis loop, are of special interest
for application in novel data storage media systems. The presentation
shows different possibilities to create such states and examines their
stability by comparing hysteresis loops, special distribution of mag-
netization, and exchange energy as function of the externally applied
field for a number of sample dimensions and external field angles.

[1] T. Blachowicz, A. Ehrmann, J. Appl. Phys. 113, 013901 (2013)

MM 55.2 Thu 12:15 IFW B
Macro-spin modeling of magnetization reversal processes in
systems with different anisotropies — •Andrea Ehrmann1 and
Tomasz Blachowicz2 — 1Niederrhein University of Applied Sciences,
Mönchengladbach, Germany — 2Silesian University of Technology, In-
stitute of Physics, Gliwice, Poland

Examinations of magnetic systems by use of a single macro-spin can
support understanding magnetization reversal processes in principal.
Such a macro-spin model, considering perfectly coherent rotation, can
reproduce qualitatively all outstanding features of systems in which
magnetization reversal is not based on domain wall processes [1].

A calculation based on constant energy minimization during the
reversal process from positive to negative saturation and vice versa
has been implemented in PTC(R) Mathcad. In this calculation, a
simple macro-spin model describes the coherent rotation of a single
magnetic moment (macro-spin) using the total energy density, consist-
ing of different magnetic anisotropies as well as the external magnetic
field. Thus, hysteresis loops of the longitudinal and the transverse
magnetization component can be calculated. Besides coercive fields
and shapes of the longitudinal magnetization loop, the calculation can
also be used to detect angular orientations of the sample relative to
the external magnetic field for which the transverse signals vanish.

[1] A. Tillmanns, S. Oertker, B. Beschoten, G. Güntherodt, J. Eisen-
menger, Ivan K. Schuller: Angular dependence and origin of asym-
metric magnetization reversal in exchange-biased Fe/FeF2(110), Phys.
Rev. B 78, 012401 (2008)

MM 55.3 Thu 12:30 IFW B
Plasma assisted gas phase synthesis and high resolution char-
acterization of bimetallic magnetic core-shell nanoparticles —

•Marcel Hennes1, Andriy Lotnyk1, and Stefan G. Mayr1,2,3 —
1Leibniz-Institut für Oberflächenmodifizierung, Leipzig, Germany —
2Translationszentrum für Regenerative Medizin, Leipzig, Germany —
3Fakultät für Physik und Geowissenschaften, Universität Leipzig, Ger-
many

Magnetic nanoparticles (MNPs) can be employed as powerful nan-
otools in many areas of biology, biophysics and medicine. Therefore,
fine tuning of their physical properties is highly desired and can be
achieved by controlling their size or shape or by using combinations of
materials at the nanoscale. With this background, a setup for synthe-
sis of heterostructured magnetic core-shell nanoparticles (CS-MNPs)
relying on optionally pulsed DC plasma assisted inert gas condensation
(PA-IGC) has been developed. We demonstrate synthesis of elemen-
tal nickel nanoparticles with highly tunable sizes and shapes as well
as Ni@Cu CS-MNPs. The particles are characterized with respect
to their structural and magnetic properties using AFM, MFM, SEM,
HRTEM and EDX measurements. An analytical model is used to de-
scribe Cu shell atom deposition on top of Ni-particles in the gas phase.
Its predictive power and possible implications for heterostructured NP
growth are discussed.

MM 55.4 Thu 12:45 IFW B
Electrical characterization of single FePt nanoparticles —
•Ulrich Wiesenhütter1, Darius Pohl2, Bernd Rellinghaus2,
Jürgen Fassbender1, and Artur Erbe1 — 1Helmholtz-Zentrum
Dresden Rossendorf, D-01328 — 2Leibniz-Institut für Festkörper- und
Werkstoffforschung, D-01069

In order to correlate the size and crystallinity of FePt nanoparticles to
their electrical properties, single nanoparticles are contacted to elec-
tric leads using electron beam lithography. The particles are prepared
from gas phase on electron transparent SiN membranes which allow
for imaging the electrically investigated particle by means of transmis-
sion electron microscopy. The electrical characterization is carried out
by recording current-voltage characteristics. As a result, Coulomb-
blockade effects were observed at low temperatures which is in agree-
ment with the dimensions obtained from the TEM studies. Individ-
ual properties of the particle - electrode junctions, i.e., capacitances
and coupling parameters were derived from reconstructed Coulomb-
blockade diamonds.

MM 55.5 Thu 13:00 IFW B
Electroluminescent silver surfaces — •Ines Caspers, Johanna
Kirschner, Tobias Haug, Sebastian Bange, and John M. Lupton
— Universität Regensburg, Deutschland

Electrically contacted silver island metal films exhibit electrolumines-
cence after deliberate introduction of a tunneling barrier into the film.
The nanoscale barrier is formed by application of a direct current,
while the subsequent stable light emission is excited by an alternating
current. Most of the observed photons are emitted in the near-infrared
region and are detected from small emissive centers located within the
tunneling junction. We attribute the phenomenon to an inelastic tun-
neling process of electrons through the barrier formed between adjacent
silver nanoparticles. The tunneling electrons are understood to couple
to and excite localized surface plasmons that eventually decay radia-
tively. The emission polarization is correlated with the dipole formed
by two nanoparticles and thus partially polarized with a reduced pref-
erence for orientation perpendicular to the tunneling current.
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MM 56: Liquid and Amorphous Metals IV

Time: Thursday 11:30–13:00 Location: IFW A

MM 56.1 Thu 11:30 IFW A
Scenarios of structure stabilization in amorphous AlMnCu —
•Syed Sajid Ali Gillani and Peter Häussler — Chemnitz Univer-
sity of Technology, Institute of Physis, 09107 Chemnitz, Germany

Structural studies of binary amorphous AlMn and AlCu and two dif-
ferent cuts through the ternary AlMnCu show purely amorphous re-
gions, those with additional quasi-crystalline features, as well as those
with nano-crystalline inclusions. Our analysis focuses on global res-
onance effects between two global subsystems, the Fermi gas as one
and the static structure as the other one. The global resonances in
this case are self-organizing via the exchange of a characteristic mo-
mentum, supported by density anomalies, hybridization effects and
phase separations. For both, the binary a-AlMn as well as the bi-
nary a-AlCu systems, the corresponding structure factors S(K) show
the resonance peaks at Kpe = 2kF. They correspond in r-space to a
spherical-periodic atomic order. The self-organizing processes are lim-
ited since e.g. hybridization needs minimal as well as maximal contents
of transition metals (here Mn) and changes if we replace the Mn. To go
more into details, we go along two cuts through the ternary AlMnCu
and so are able to cross the several limits at different compositions.
Amorphous AlMnCu seems to be a model system for a deeper under-
standing of those effects. For one cut we start at a-Al50Mn50 and add
Cu. A second cut starts from a-Al60Cu40, keeps the Cu-content con-
stant and varies both, the Al- as well as the Mn-content. We report
on the results.

MM 56.2 Thu 11:45 IFW A
Investigations of temperature-time-transformation behavior
of bulk glass forming alloys — •Stefanie Koch1,2, Dieter M.
Herlach1,2, and Markus Rettenmayr3 — 1Institut für Materi-
alphysik im Weltraum, Deutsches Zentrum für Luft- und Raum-
fahrt, 51170 Köln, Germany — 2Institut für Experimentalphysik
IV, Ruhr-Universität Bochum, 44780 Bochum, Germany — 3Otto-
Schott-Institut für Materialforschung, Friedrich-Schiller-Universität
Jena, 07743 Jena, Germany

Isothermal crystallization studies were performed on Zr-based bulk
glass forming alloys in the undercooled liquid region between the glass
transition and liquidus temperature. The resulting temperature-time-
transformation (TTT) diagram for crystallization is used to identify
the primary factors influencing their glass-forming ability.
To prevent heterogeneous nucleation on container walls, levitation
techniques are used. In this work electrostatic levitation (ESL) is used
to melt and undercool samples. Containerless processing is an effective
tool for undercooling melts far below their equilibrium melting tem-
peratures. In case of ESL samples in a diameter of 3mm are processed
in ultra-high vacuum.
At first an effect of the temperature from which the melt is cooled
is observed on the crystallization behavior for Zr-based bulk metallic
glasses. A critical temperature is found above which there is an in-
crease in the undercooling and the crystallization time. To determine
the TTT diagram, isothermal experiments were performed.
This work is supported by DLR Space Management.

MM 56.3 Thu 12:00 IFW A
Indication for a liquid-liquid phase transition during ultra-
fast heating of metallic glasses — •Stefan Küchemann1, Nor-
bert Mattern2, and Konrad Samwer1 — 11. Physikalisches Insti-
tut, Georg-August-Universität Göttingen, 37077 Göttingen, Germany
— 2Leibniz Institut für Festkörper- und Werkstoffprüfung Dresden,
01171 Dresden, Germany

Although the origin of the dramatic change of the dynamics in the su-
percooled liquid region of metallic glasses has been studied since many
years, there is still no conclusive explanation for this behavior. The in-
cipient crystallization process limits the number of possible techniques
which can be used to study the supercooled liquid region of metallic
glasses. In this contribution, we used an ultrafast capacitor discharge
in order to heat up metallic glasses homogeneously above the glass
transition temperature with typical heating rates of the order of 106
K/s [1]. For our measurements, we used melt-spun ribbons of nominal
composition of Zr65Cu27.5Al7.5. At high temperatures, we studied the
specific heat as well as structural changes during the crystallization at
different temperatures. Therefore, X-ray measurements have been per-

formed at P07 beamline of PETRA III at DESY. A newly developed
chopper system has been used in order to enhance the temporal reso-
lution of the 2D detector from 15 Hz up to 195 Hz. The observations
will be discussed in the framework of a liquid-liquid phase transition.
Financial support by DFG within SFB 602 is gratefully acknowledged.

[1] William L. Johnson et al., Science 332, 828 (2011)

MM 56.4 Thu 12:15 IFW A
Thermal Conductivity of Superconducting Bulk Metallic
Glasses in the Temperature Range between 6 mK and 300 K
— •Daniel Rothfuss1, Andreas Reiser1, Andreas Fleischmann1,
Uta Kühn2, and Christian Enss1 — 1Kirchhoff-Institute for Physics,
Heidelberg University, INF 227, 69120 Heidelberg — 2IFW Dresden,
Institute for Complex Materials, P.O. Box 270116, 01171 Dresden

Bulk metallic glasses (BMG) are a new and very interesting kind of
amorphous materials. Measuring the thermal conductivity provides
the possibility to probe the fundamental interactions governing the
heat flow in solids. We present the first measurements of the thermal
conductivity of two superconducting BMGs in the temperature range
from 6 mK to 300 K. Our results show that the thermal conductivity
of BMGs can be described by two independent contributions based on
conduction electrons and phonons. Above the critical temperature Tc
the part based on conduction electrons is determined by defect scatter-
ing and reduces rapidly below Tc. Sufficiently far below Tc the thermal
conductivity is based on the part of the phonons and can be described
by their resonant scattering with tunneling systems. Above Tc the con-
tribution of the phonons can be described successfully within a novel
model considering not only electrons and phonons but also localized
modes as scattering centres. At ultralow temperatures a new contact-
less measuring technique was used, which is based on optical heating
and paramagnetic temperature sensors that are read out by a SQUID
magnetometer.

MM 56.5 Thu 12:30 IFW A
Heat flow analysis of amorphous solids using dynamic dif-
ferential scanning calorimetry (DDSC) — •Birte Riechers1,
Ranko Richert2, Carsten Mahn1, and Konrad Samwer1

— 11.Physiklisches Institut, Georg-August-Universität Göttingen,
Deutschland — 2Department of Chemistry and Biochemistry, Arizona
State University, USA

Relaxation modes, especially their detailed description and under-
standing, play a captivating role for physicists working with glassy
matter. One of many interesting aspects is the temperature depen-
dence of the relaxation mode distribution, and of their relaxation times,
which can be explored by DDSC. Therefore, the heat response of amor-
phous PdCuSi and PMMA is analyzed by applying a periodic triangu-
lar excitation of temperature below the glass transition temperature.
Though only odd harmonics contribute to the excitation function, i.e.
temperature, also even harmonics are seen in the response function,
i.e. heat flow. This non-linear behavior gives information about the
energy transfer to excited relaxation modes due to temperature vari-
ation. Moreover, the change in specific heat of even harmonics offers
insight into temperature dependent relaxation times of excited modes.

Financial support by the DFG Research Unit FOR 1394 is thank-
fully acknowledged.

MM 56.6 Thu 12:45 IFW A
High-resolution laser dilatometry applied to volume equi-
libration phenomena in bulk metallic glasses — •Martin
Luckabauer1, Uta Kühn2, Jürgen Eckert2, and Wolfgang
Sprengel1 — 1Institut für Materialphysik, Technische Universität
Graz, Austria — 2Leibniz-Institut für Festkörper- und Werkstoff-
forschung Dresden, Germany

The slowing down of molecular or atomic motion occurring at the
calorimetrically determined glass transition temperature Tg upon cool-
ing complicates the access of kinetic processes at lower temperatures.
However, possible changes around or below Tg regarding the struc-
tural dynamics are believed to yield key parameters in understanding
the glass transition. In this talk some insight on how to examine the
equilibration processes in the far sub- Tg regime will be given apply-
ing the method of high-resolution laser dilatometry. This technique
involves contactless measurements with a 2-beam Michelson laser-
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interferometer capable of accessing volume equilibration time constants
of up to 1·106 s with a length change resolution of up to 10 nm. In
addition the dynamical change of the instantaneous thermal expansion
coefficient during volume equilibration can be studied simultaneously.
Experimental results regarding changes in the volume equilibration

processes upon approaching the glass transition from lower temper-
atures are presented. Moreover, the possibility of using the thermal
expansion coefficient as an indication of the equilibration state of the
material is discussed. Financial support by the Austrian Science Fund
(FWF) is appreciated (project P22645-N20).

MM 57: Invited Talk (Hauptvortrag) Hono

Time: Thursday 15:00–15:30 Location: BAR 205

Invited Talk MM 57.1 Thu 15:00 BAR 205
Toward the development of Dy-free high coercivity Nd-Fe-B
permanent magnets — •Kazuhiro Hono, Hossein Sepehri-Amin,
and Tadakatsu Ohkubo — National Institute for Materials Science

Due to the recently-emerged concern about the scarce resource of
heavy rare earth (HRE) elements, finding a way to increase the co-
ercivity of Nd-Fe-B magnets without using Dy has become the cen-
ter of permanent magnet research in Japan. In this talk, we will

give an overview on our recent progresses toward the development
of high coercivity Dy-free Nd-Fe-B permanent magnets. Based on
the microstructure-coercivity relationships investigated by multi-scale
characterization with SEM, TEM and atom probe tomography (APT),
we have studied the microstructure-coercivity relationships of Nd-Fe-B
based magnets systematically. Comparing the results with micromag-
netic simulations, we discuss the way to achieve a coercivity higher
than 2.5 T in Nd-Fe-B based permanent magnets without HRE.

MM 58: Topical session: X-ray and neutron scattering in materials science III - Real-time
insights into fast heat treatment processes using diffraction methods

Time: Thursday 15:45–17:15 Location: BAR 205

Topical Talk MM 58.1 Thu 15:45 BAR 205
Real-time insights into fast heat treatment processes
using diffraction methods — •Jens Gibmeier1, Vladimir
Kostov1, Fabian Wilde2, Peter Staron2, Arne Kromm3,
Thomas Kannengiesser3, and Alexander Wanner1 — 1KIT, Inst.
of Applied Materials, Karlsruhe, Germany — 2Helmholtz-Center
Geesthacht, Inst. of Mat. Res., c/o DESY, Hamburg, Germany —
3BAM Federal Inst. for Mat. Res. and Testing, Berlin, Germany

Laser surface hardening and related processes are viable techniques for
surface integrity optimization of technical components. Although, the
techniques are standard processes in industrial applications, process
optimization is essentially based on simulation and on characteriza-
tion after material processing. Moreover, the simulations often lack
in an adequate accuracy, since the models are still deficient. Knowl-
edge about the phase transformation kinetics and about the evolution
of local (residual) stress distributions is of essential importance for
the optimization of the surface hardening process and hence, for the
tailoring of the treated surface layers. A considerable progress can
be achieved when a real-time insight into these local short-time heat
treatment processes can be gained. By this means process comprehen-
sion can be achieved as well as a proper validation of the simulation
models can be offered. Here, different set-ups for real-time monitoring
of phase transformation as well as stress evolution during fast heat
treatment processes by means of synchrotron X-ray diffraction will be
presented. Successful application for laser surface hardening and arc
welding will be shown.

MM 58.2 Thu 16:15 BAR 205
Texture evolution of YCu deformed by high pressure tor-
sion — •Aurimas Pukenas1, Andy Eschke1, Werner Skrotzki1,
Christine Tränkner1, Jelena Horky2, and Michael Zehetbauer2

— 1Institut für Strukturphysik, TU Dresden, Dresden, Germany —
2Fakultät für Physik, Universität Wien, Wien, Austria

YCu is an intermetallic compound with B2 type crystal structure which
is ductile at ambient temperature and pressure. Polycrystalline YCu
discs were subjected to high pressure torsion (HPT) at a confining
pressure of 8 GPa from room temperature up to 300◦C. In HPT the
deformation of the sample is inhomogeneous along the radial direction.
Due to this shear strain gradient, a texture gradient is observed. The
texture was measured locally as a function of shear strain by X-ray mi-
crodiffraction. The intensity and deviation from the ideal positions of
the typical bcc texture components will be discussed and compared to
NiAl, another B2 intermetallic compound which is brittle at ambient
temperature and pressure conditions.

MM 58.3 Thu 16:30 BAR 205
Application of in-situ high-energy X-ray diffraction and
small-angle scattering for the understanding and develop-

ment of advanced intermetallic multi-phase γ-TiAl based
alloys — •Emanuel Schwaighofer1, Andreas Stark2, Peter
Staron2, Boriana Rashkova1, Thomas Lippmann2, Norbert
Schell2, Helmut Clemens1, and Svea Mayer1 — 1Department
of Physical Metallurgy and Materials Testing, Montanuniversität
Leoben, Austria — 2Institute of Materials Research, Helmholtz-
Zentrum Geesthacht, Germany

Advanced intermetallic γ-TiAl based alloys, e.g. TNM alloys with a
nominal composition of Ti-43.5Al-4Nb-1Mo-0.1B-(0-1)C,Si (in at.%),
are predestined for high-temperature (HT) application as turbine
blades and turbocharger wheels in modern combustion engines. To
improve their HT-potential, state-of-the-art methods based on high-
energy monochromatic synchrotron radiation were applied combined
with an adapted quenching and deformation dilatometer in order to
study equilibrium and non-equilibrium phase transformations, hot-
deformation behavior, texture evolution as well as carbide precipitation
kinetics. Complementary real-space imaging by means of scanning and
transmission electron microscopy as well as lab-scale XRD and hard-
ness testing were performed for verification. In this talk, selected top-
ics of the use of in-situ synchrotron scattering techniques, i.e. diffrac-
tion and small-angle scattering, conducted at HZG-operated beamlines
HARWI II and HEMS at the synchrotron facility DESY, Germany, are
discussed for a deeper understanding of this class of alloys.

MM 58.4 Thu 16:45 BAR 205
In situ high energy X-ray diffraction for analyzing the lo-
cal stress distribution and microstructure in the chip forma-
tion zone during orthogonal cutting of steel C45E — •Katrin
Brömmelhoff1, Steffen Henze2, Robert Gerstenberger2, Tor-
ben Fischer3, Norbert Schell3, Eckart Uhlmann2, and Walter
Reimers1 — 1TU Berlin, Materials Science and Technology-Metallic
Materials, Ernst-Reuter-Platz 1, 10587 Berlin, Germany — 2TU
Berlin, IWF, Pascalstr. 8-9, 10587 Berlin, Germany — 3Helmholtz-
Zentrum Geesthacht, Max-Planck-Str. 1, 21502 Geesthacht, Germany

The stress distribution in the chip formation zone during cutting is an
asked question in the field of manufacturing technology and is required
for a fundamental understanding of the chip formation process. New
synchrotron facilities with high photon flux provide the opportunity
to measure the local strains with a high spatial resolution. Therefore,
the steep stress gradients in the chip formation zone can be analyzed.
Performing in situ high energy synchrotron X-ray diffraction during
orthogonal cutting at the HEMS beamline (PETRA III/Hamburg),
the beam size and therefore the measuring positions could be reduced
to 0.02 mm x 0.02 mm. The stress distribution exhibits steep stress
gradients and shows significant dependencies on the cutting parame-
ters and a strong change of the microstructure was observed, namely
a reduction of domain sizes and the development of a shear texture.
The results of these in situ experiments serve to evaluate and extend
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existing chip formation models and will be used for the optimization
of FEM (Finite Element Method) cutting simulations.

MM 58.5 Thu 17:00 BAR 205
Synchrotron radiation based non-destructive investigation
of Neolithic and Early Bronze Age axe — •Leif Glaser1,
Mechtild Freudenberg2, Karen Appel1, Manuela Borchert1,
Joern Donges1, Andrew King3, Thomas Lippmann4, Andre
Rothkirch1, and Norbert Schell4 — 1DESY, Hamburg, Ger-
many — 2Stiftung Schleswig-Holsteinische Landesmuseen, Schloß Got-
torf, Schleswig, Germany — 3ESRF, Grenoble, France — 4HZG,
Geesthacht, Germany

To understand the historic production methods bronze axe replicas
were cast and treated using replicated stone tools for metalworking.

To understand techniques for smoothing the surfaces, hardening the
cutting edge, and cutting or embossing the elaborate ornaments of the
surface, repeated investigations, using non-destructive SR-based tech-
niques, as XRF and XRD in transmission and reflectance geometry
were performed on the replicas and original ancient axes.

Based on our experiments the reproduction techniques for making
replicas could be improved, while on the other hand some historic refer-
ences could be identified as historic forgeries, but forgeries nonetheless.
Further experiments concerning the actual casting process are ongo-
ing, with emphasis on most likely casting inflicted variable stoichio-
metric bronze distribution within the individual object. Some replica
were cast at the Howadtsche Metallgiesserei Kiel using modern casting
techniques, others at the Archaeological Landesmuseum Schloß Got-
torf using historic methods and tools only, while the experiments were
performed in Hamburg at DESY.

MM 59: Computational Materials Modelling IX - Ferroelectrics

Time: Thursday 15:45–17:45 Location: IFW D

MM 59.1 Thu 15:45 IFW D
Ferroelastic Switching of Doped Zirconia – First-Principles
Insights — •Christian Carbogno1,2, Carlos G. Levi1, Chris G.
Van de Walle1, and Matthias Scheffler1,2 — 1Materials Depart-
ment, University of California, Santa Barbara, USA — 2Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Berlin

ZrO2 based ceramics play a pivotal role for thermal barrier coatings in
gas and propulsion turbines. The phase stability required for these ap-
plications is typically achieved by Y-doping, which however also results
in an undesirable degradation of toughness. Recently, high phase sta-
bility and toughness has been achieved by co-doping such Y-stabilized
ZrO2 (YSZ) with Ti (TiYSZ) [1]. We use density-functional theory to
investigate these effects by inspecting the underlying structural dynam-
ics. Our calculations reveal that the minimum-energy path (MEP) for
the tetragonal-to-cubic phase transformation differs significantly from
the path discussed in literature [2]. We show that the correct MEP
involves ferroelastic switches, i.e., the realignment of the tetragonal-
ity along a different cartesian direction. We inspect how (co-)dopants
affect these ferroelastic switches, which are typically considered to be
the primary toughening mechanism in these compounds [1]. Hence,
our calculations shed light on the atomistic mechanisms that deter-
mine the dynamics and the high-temperature properties of YSZ and
TiYSZ.
[1] T. A. Schaedler, O. Fabrichnaya, and C. G. Levi, J. Eur. Ceram.
Soc. 28, 2509 (2008).
[2] S. Fabris, A. T. Paxton, and M. W. Finnis, Acta Materialia 50,
5171 (2002).

MM 59.2 Thu 16:00 IFW D
Microscopic description of BaTiO3 and related materials
near the ferroelectric phase transition — •Giovanni Pizzi1,
Andrea Cepellotti1, Samed Halilov2, Boris Kozinsky3, Marco
Fornari4, and Nicola Marzari1 — 1Theory and Simulation of Ma-
terials, EPFL (CH) — 2Department of Materials Science and Engi-
neering, MIT (USA) — 3Robert Bosch LCC Research and Technology
Center, Cambridge (USA) — 4Dept. of Physics, Central Michigan
University (USA)

Ferroelectric materials like BaTiO3 have been used for decades in a
broad range of technological applications (capacitors, gate dielectrics,
IR detectors, holographic memories, . . . ). However, there is still sig-
nificant debate in the literature concerning the microscopic behavior of
these materials, in particular near the paraelectric–ferroelectric phase
transition. In BaTiO3, Ti displacements with respect to the center of
the oxygen cage create local dipole moments that are at the origin of
the finite polarization in the ferroelectric states. However, these per-
ovskites display a complex energy landscape with multiple local min-
ima. As a result, local finite dipoles exist even in the paraelectric cubic
phase, contrary to what is often assumed in simulations. In order to
clarify the microscopic behavior of these materials, we perform total-
energy calculations to systematically and automatically explore their
energy landscape, together with ab-initio molecular dynamics calcula-
tions to assess the driving mechanisms for the formation of the different
phases and to understand the differences among different structurally
similar materials.

MM 59.3 Thu 16:15 IFW D
Polarization rotation at the ferroelectric domain walls of
PbTiO3 and PZT — •Anand Chandrasekaran1,2, Dragan
Damjanovic2, Nava Setter2, and Nicola Marzari1 — 1Theory and
Simulation of Materials,École Polytechnique Fédérale de Lausanne,
1015 Lausanne, Switzerland — 2Ceramics Laboratory, École Polytech-
nique Fédérale de Lausanne, 1015 Lausanne, Switzerland

Polarization rotation and domain wall mobility are two key factors
driving the development of state-of-the-art piezoelectric and ferroelec-
tric devices. Ferroelectric domain walls in PbTiO3 (PT) are thought to
be predominantly of the ’Ising type’, where the polarization does not
rotate but diminishes in magnitude close to the domain wall. However,
our first-principles calculations show how tensile strains drastically in-
crease polarization rotation in the vicinity of domain walls, that thus
acquire both Néel and Bloch character. Large-scale calculations on PT
and ordered lead zirconate titanate (PZT) show that the Bloch and
Néel components of the polarization are long ranged, while the Ising
component is short ranged and decays over 2-3 unit cells. Our anal-
ysis points to the possibility of tuning domain wall thickness through
strain engineering. Such rotations enhance domain mobility through
a reduction in the barrier energy for polarization reversal. Interest-
ingly, the addition of Zr to PT delivers the required tensile strains,
thus leading to the enhanced properties observed at the morphotropic
phase boundary in PZT.

15 min break

MM 59.4 Thu 16:45 IFW D
Study of nonmagnetic and ferromagnetic fcc cerium with one-
electron methods — •Fabien Tran, Ferenc Karsai, and Peter
Blaha — Vienna University of Technology, Vienna, Austria

Density functional theory was used to study at low temperature the α
and γ phases of cerium which were identified as the nonmagnetic and
ferromagnetic solutions, respectively, that we could stabilize in our
calculations. Four different levels of approximations for the exchange-
correlation energy were used: LDA, PBE, PBE+U , and YS-PBEh.
The latter two contain an adjustable parameter, the onsite Coulomb
repulsion parameter U for PBE+U and the fraction αx of Hartree-
Fock exchange for YS-PBEh, which were varied in order to study their
influence on the results. It is concluded that while a small value of
U or αx leads to the correct trend for the stability ordering of the
two phases, larger values are necessary for a better (but still not very
satisfying) description of the electronic structure.

MM 59.5 Thu 17:00 IFW D
Comparison of transition path sampling and metadynamics
for the study of solid-liquid interface properties — •Daniel
Sopu, Xueyong Pang, Jutta Rogal, Rebecca Janisch, and Ralf
Drautz — ICAMS, Ruhr-Universität Bochum, Universitättsstr. 150,
44801, Bochum

During solid-liquid phase transformation the kinetics of nucleation and
growth are determined to a large extent by interfacial properties. Of
particular interest are the interface free energy, the interface mobility
and the anisotropy of these quantities. To extract interface proper-
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ties from experiment is difficult and likewise atomistic modeling of
these properties is challenging and requires sophisticated techniques.
Here, we present a comparison of two techniques to study solid-liquid
interface properties in Al, namely transition path sampling and meta-
dynamics. Transition path sampling explores transition state regions
and generates an ensemble of reactive trajectories that contain the full
dynamical information of the phase transformation. Metadynamics is
a non-equilibrium molecular dynamics simulation method which recon-
structs the free energy surface of the phase transition by adding a time
dependent bias potential. We compare and contrast the two methods
and for which properties of the solid-liquid transformation each of the
methods is most applicable.

MM 59.6 Thu 17:15 IFW D
Crystal structure prediction of materials in the BCNOP sys-
tem at high pressure — •Zamaan Raza and Marco Saitta —
Université Pierre et Marie Curie, Paris, France

The structure and properties of crystals containing light elements with
no d- and f-electrons is often thought to be well understood, yet they
frequently display unexpected characteristics when subjected to high
pressures. We study the formation of novel binary and ternary com-
pounds in the BCNOP system, at a wide range of temperatures and
pressures. Examples of such systems include the ternary B-N-O, B-C-
O and C-N-O systems, which are poorly understood even at ambient
conditions.

In this work, we seek a better understanding of the physical and
chemical phenomena occurring at high temperatures and pressures in
such systems of light elements, and search for novel phases with indus-
trially important properties, such as superhardness, superconductivity
and high energy density. This presentation focuses on the theoretical
side, and on what is regarded as one of the most difficult problems in
the physical sciences, crystal structure prediction. The problem arises
from the fact that the configurational space increases exponentially
in size with the number of atoms in the system, making searches for

the ground state on most potential energy surfaces intractable. To
this end, we use two different approaches towards structure predic-
tion, namely random structure searching using the AIRSS method (J.
Phys. Condens. Mat. 23:53201, 2011) and evolutionary algorithms
as implemented in the USPEX suite (Comp. Phys. Comm. 175:713,
2006).

MM 59.7 Thu 17:30 IFW D
Localized Resolution of Identity: Accurate and efficient eval-
uation of the coulomb operator for advanced functionals
— •Arvid Conrad Ihrig, Jürgen Wieferink, Igor Ying Zhang,
Sergey Levchenko, Matti Ropo, Patrick Rinke, Volker Blum,
and Matthias Scheffler — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Berlin, Germany

A key component for high-level correlation methods is the Coulomb op-
erator, which requires the evaluation of four-center Coulomb integrals.
For numeric atom-centered orbitals, as used in the all-electron code
FHI-aims [1], the four-center integrals are most efficiently evaluated
with the “Resolution of Identity” (RI), which expands basis-function
products in an auxiliary basis. In this contribution we show the prac-
tical applicability of a localized RI-variant (“RI-LVL”), which expands
products of basis functions only in the subset of those auxiliary basis
functions which are located at the same atoms as the basis functions.
We demonstrate the accuracy of RI-LVL for exact exchange in HF and
PBE0, and also for correlation methods like MP2 and RPA for the S22
test set[2] of weakly interacting dimers. The error relative to the es-
tablished RI can be converged in a systematic way by augmenting the
auxiliary basis set with additional basis functions of increasing angu-
lar momentum. We also show that RI-LVL exhibits a superior scaling
with system size, both in terms of computational time and memory
requirements.

[1] V. Blum et al., Comput. Phys. Commun. 180, 2175 (2009)
[2] P. Jurec̆ka et al., Phys. Chem. Chem. Phys 8, 1985 (2006)

MM 60: Nanomaterials IV - Deformation and mechanical properties

Time: Thursday 15:45–17:00 Location: IFW B

MM 60.1 Thu 15:45 IFW B
Deformation of nanoporous gold: the importance of topology
— •Bao-Nam D. Ngo1,3, Karsten Albe2, and Jörg Weissmüller1,3

— 1Institut für Werkstoffforschung, Werkstoffmechanik, Helmholtz-
Zentrum Geesthacht, Geesthacht, Germany — 2Technische Uni-
versität Darmstadt, Fachbereich Material- und Geowissenschaften,
Fachgebiet Materialmodellierung, Darmstadt, Germany — 3Institut
für Werkstoffphysik und Werkstofftechnologie, Technische Universität
Hamburg-Harburg, Hamburg, Germany

We present a molecular dynamics study on the influence of the topol-
ogy on the mechanical properties of nanoporous gold. Following a sug-
gestion by N. Huber et al. [1], we study a highly symmetric diamond-
like structure and compare it to a disordered structure, both having
comparable relative density, feature size, and surface area. The random
sample shows zero lateral expansion to a certain point under compres-
sion and noticeable lateral contraction in tension. Plasticity happens
immediately upon compression, followed by strain hardening of mate-
rial due to dislocation activity. In line with continuum modeling, the
symmetric structure shows appreciable lateral strain in both compres-
sion and tension. It also shows clear elasticity before yielding, with
similar elastic modulus in both test modes. Appreciable dislocation
activity in compression is observed only at very large strain. Other
relevant mechanical properties are also investigated, suggesting that
topology can strongly affects nanoporous mechanical behavior.

[1] N. Huber et al., Scaling Laws of Nanoporous Metals under Uni-
axial Compression; in preparation (2013).

MM 60.2 Thu 16:00 IFW B
Glass-like characteristics of grain-boundary (GB) mediated
plasticity in nanocrystalline (NC) PdAu alloys — •Andreas
Leibner, Manuel Grewer, Christian Braun, Jonas Heppe, and
Rainer Birringer — Universität des Saarlandes, FR 7.2 Experimen-
talphysik, Campus D2 2, 66123 Saarbrücken

There is ample evidence that at the low end of the nanoscale (<10nm),
plastic deformation of NC metals manifests among other mechanisms

in shear transformations (ST) that are confined to the core regions
of GBs. On the other hand ST are the generic flow defect of metal-
lic glasses. Therefore, it is in order to compare the deformation pa-
rameters of NC metals with appropriate counterparts in bulk metallic
glasses (BMG).

Here we present a systematic investigation on the elastic proper-
ties and plastic behavior of NC PdAu with varying Au concentration
and compare our results with solid solution strengthening / softening
effects so far observed in nanoscale materials. However, drawing a
conclusion, we emphasize an analogy to the deformation behavior in
BMG.

MM 60.3 Thu 16:15 IFW B
A comparative study of the mechanical behavior of nanocrys-
talline metals and bulk metallic glasses using shear com-
pression specimen — •Christian Braun, Manuel Grewer, and
Rainer Birringer — Universität des Saarlandes, FR 7.2 Experimen-
talphysik, Campus D2.2, 66123 Saarbrücken

Polycrystalline metals at the low end of the nanoscale with grain sizes
of 10 nm or less are characterized by a grain boundary volume frac-
tion of at least 30%. Grain boundary deformation modes similar to
shear transformations in bulk metallic glasses (BMGs) may therefore
play a non-negligible role in the mechanical behavior of nanocrystalline
(nc) metals. In fact, a couple of similarities between this two material
classes have been observed, e.g. comparable values for the shear acti-
vation volume, activation energy or Mohr-Coulomb friction coefficient.
In BMGs, increasing load causes percolation of shear transformations
that leads to shear band formation and concomitant strain localization
followed by catastrophic failure. On the other hand, in nc metals the
deformation seems to be carried by shear transformations distributed
across the network of grain boundaries. Instead of catastrophic failure
through shear banding, nc metals at the low end of the nanoscale even
exhibit strain hardening. We will discuss in detail the similarities and
dissimilarities of the deformation behavior of nc Pd90Au10 and the
BMG Pd40Ni40P20 under the same loading conditions.



Metal and Material Physics Division (MM) Thursday

MM 60.4 Thu 16:30 IFW B
Ultra high stresses in thin Nb-H films — •Magnus Hamm,
Vladimir Burlaka, Stefan Wagner, and Astrid Pundt — Uni-
versität Göttingen, Institut für Materialphysik, Friedrich-Hund-Platz
1, 37077 Göttingen

Mechanical stress influences different material properties. Some exam-
ples are the change of the critical temperature [1], the change of the
electromotoric force [2] or changes in the energy-band structure [3].For
thin metal films clamped to a rigid substrate, hydrogen absorption on
interstitial lattice sites results in compressive mechanical stress. Up to
-3.4 GPa have been measured by Laudahn et al. for Nb-films.[4] While
for low concentrations the stress increases linearly with the hydrogen
content, the stress increase is reduced by the creation of dislocations,
for higher concentrations. As suggested by Nörthemann et al.[5] the
mechanical stress evolution depends on the film thickness: Below a
critical thickness of the film the formation of dislocations even be-
comes energetically unfavorable. It is shown that below this critical
thickness the stress increases to very high values. This observed stress
change is reversible.

Financial support by the DFG via project PU131/12-1 is gratefully
acknowledged.

[1] J. Weissmuller and C. Lemier, Philos. Mag. Lett. 80:6 (2000)
[2] R. Kirchheim, Acta metall. 1:34 (1986)
[3] R. People, IEEE J. Quantum Electron., 22:6 (1986)
[4] U. Laudahn et al., J. Alloys Compd. 293-295:20 (1999)
[5]K. Nörthemann and A. Pundt, Phys. Rev. B 78:1 (2008)

MM 60.5 Thu 16:45 IFW B
Processing of Ti/Al light-weight composite sheets via accu-
mulative roll bonding and differential speed rolling — •Jan
Romberg1,2, Jens Freudenberger1,3, Juliane Scharnweber4,
Tom Marr1, Jürgen Eckert1,2, Werner Skrotzki4, and Ludwig
Schultz1,2 — 1IFW Dresden, Dresden, Germany — 2TU-Dresden,
Institut für Werkstoffwissenschaft, Dresden, Germany — 3TU-BA
Freiberg, Institut fuer Werkstoffwissenschaft, Freiberg, Germany —
4TU-Dresden, Institut für Strukturphysik, Dresden, Germany

Severe plastic deformation (SPD) techniques facilitate the generation
of ultra-fine grained metals and, therefore, increase strength and duc-
tility. Among the SPD techniques accumulative roll bonding (ARB) is
the only one that facilitates the creation of semi-finished products of
reasonable size. In addition, composite materials can be produced by
means of ARB. The aim of this study is to create fine laminar Ti/Al
composite sheets by means of ARB. Literature discusses the effect of
differences in yield stress and presents opportunities of further process-
ing in spite of necked Ti layers. However, previous research have not
noticed that the only precondition to avoid necking is sufficient strain
hardening. We discuss approaches to increase the strain hardening
by means of intermediate heat treatment, the effect of increase of the
strain rate and differential speed rolling. The effect of this means on
grain size, strength and texture development is shown. It can be ex-
pected that further classes of composite materials and non equilibrium
solid solutions will be created with the help of the presented results.

MM 61: Liquid and Amorphous Metals V - Structure and structure formation

Time: Thursday 15:45–17:15 Location: IFW A

MM 61.1 Thu 15:45 IFW A
Crystal growth behavior of undercooled silicon melts —
•Daniel Simons1, Pierre-Yves Pichon1,2, and Dieter Herlach1 —
1DLR, Institut für Materialphysik im Weltraum, 51170 Köln — 2RGS
Development B.V., Bijlestaal 54 A 1721 PW, Broek op Langedijk,
Netherlands

Electromagnetic levitation technique is used to containerless undercool
and solidify pure silicon melts. Due to the avoidance of heterogeneous
nucleation on container walls large undercoolings up to 320 K below
the melting temperature of pure Si, 1685 K, are achieved. The ve-
locity of the crystal growth is measured as a function of undercooling
by recording the propagation of the solidification front with a high
speed camera. Maximum velocities of 12 m/s are measured at largest
undercooling. The high speed video frames give also information of
the morphology of the growth front. Plate-like crystals, isolated den-
drites, and smaller dendrites at low, moderate and high undercooling
temperatures are observed. The plate like crystals morphology is the
result of the faceting of the solid-liquid interface at low undercooling.
By increasing the undercooling, the solid-liquid interface roughens at
the atomic scale, and metallic-like dendrite growth becomes occurs.
This effect is identified as kinetic roughening of a smooth solid-liquid
interface.

MM 61.2 Thu 16:00 IFW A
Dynamics of wetting and solidification for silicon droplet
impacting a cold substrate — •Pierre-Yves Pichon1,2, Daniel
Simons1, Dieter Herlach1, and Axel Schönecker2 — 1DLR, In-
stitut für Materialphysik im Weltraum, Köln, Germany — 2RGS De-
velopment B.V., Bijlestaal 54 A 1721 PW, Broek op Langedijk, The
Netherlands

The topic of this work is to examine the wetting dynamics of liquid
silicon droplet during the impact on a cold substrate under well con-
trolled conditions. This is motivated by the unusual behavior of the
silicon-mold interaction during the crystallization of silicon wafers in
the ribbon-growth-on-substrate (RGS) silicon casting process. Silicon
droplets were melted in an electromagnetic levitation tool and released
so as to impact a cold substrate with a defined amount of kinetic en-
ergy. The substrate temperature, wetting properties and roughness
were controlled. During the spreading of the droplet on the substrate,
the contact line velocity and the dynamic contact angle were recorded
with a high speed camera. After the experiment, the interface between
the solidified drop and the substrate was analyzed by microscopy. It
was found that solidification and wetting strongly interact at the mov-

ing contact line. For example at lower substrate temperature, solidi-
fication prevents the system to reach the steady state wetting angle,
because attachment kinetics of the atoms to the substrate is diffusion
limited: solidification blocks the progression of the contact line. This
can explain the behavior of the silicon in the RGS system and gives
directions for further improvement of the process.

MM 61.3 Thu 16:15 IFW A
Spatial Distribution of Icosahedra in a Cu-Zr metallic glass —
•Jérôme Zemp1, Massimo Celino2, Bernd Schönfeld1, and Jörg
F. Löffler1 — 1Laboratory of Metal Physics and Technology, De-
partment of Materials, ETH Zurich, Switzerland — 2ENEA, C. R.
Casaccia, Rome, Italy

Topological order in Cu64Zr36 metallic glass was studied by Molecular
Dynamics simulations. Structure-specific nearest-neighbor histograms
were used to highlight the unique role of Cu-centered icosahedra as
compared to other types of Voronoi polyhedra: In both, the glassy and
supercooled liquid temperature regime, only icosahedra show a distinct
tendency to form superclusters, which is expressed by the strength of
the first peak in the Cu-Cu nearest-neighbor histogram. The spa-
tial distribution and interconnectivity of icosahedra were studied as
a function of cooling rate and compared to a homogeneous icosahe-
dra distribution. Thermal vibrations were avoided by considering the
corresponding inherent structures. Chemical short-range order and
potential energy will be discussed as possible reasons for clustering.

MM 61.4 Thu 16:30 IFW A
ASAXS on NiPB amorphous nanograined material — •Sören
Gayer1, Ulla Vainio1, Vikram Raghuwanshi2, Armin Hoell2,
Andreas Schreyer1, and Jixiang Fang3 — 1Helmholtz-Zentrum
Geestacht, Geesthacht, Germany — 2Helmholtz-Zentrum Berlin,
Berlin, Germany — 3Xi’an Jiaotong University, Xi’an, China

An exhaustive understanding of new materials includes a description
of the internal structure. As for the class of amorphous nanograined
metals, this structure includes inhomogeneities both in density and
chemistry. They are produced by compressing nanometer-sized ar-
morphous particles with high pressures. To investigate their structure
(anomalous) small-angle X-ray scattering, (A)SAXS, is a good method,
sensitive to density and, in the case of ASAXS, chemistry differences.

The nanoparticles for the investigated samples were created by
chemical reduction of compounds containing Ni, P and B in solution.
The then dried precipitates were compressed with pressures ranging
from 0.5 to 4.0 GPa to form thin disks. Due to the chemical reduc-
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tion, interfaces were already formed within the relatively large particles
during their synthesis.

Measurements were performed at the ASAXS station (7T-MPW-
SAXS) at the synchtrotron source BESSY II. The measured SAXS
curves were fitted with different models to determine sizes and den-
sity differences of the substructures. The structural models were then
tested with the Akaike information criterion to select the best of them.

MM 61.5 Thu 16:45 IFW A
In-situ XRD studies of Cu-Zr alloys in amorphous, liquid and
crystalline state — •Olga Shuleshova1, Ivan Kaban1,2, Jozef
Bednarcik3, Dirk Holland-Moritz4, Jan Gegner4, Fan Yang4,
Junhee Han1, Norbert Mattern1, and Jürgen Eckert1,2 — 1IFW
Dresden, Institute for Complex Materials, 01171 Dresden, Germany —
2TU Dresden, Institute of Materials Science, 01062 Dresden, Germany
— 3DESY Photon Science, 22607 Hamburg, Germany — 4DLR, In-
stitut für Materialphysik im Weltraum, 51170 Köln, Germany

Structure and phase formation in the glass-forming Cu-Zr alloys have
been studied in situ by high energy synchrotron X-ray diffraction.
Heating of the glassy ribbons was carried out with a Linkam hot-
stage, while the equilibrium and undercooled liquid alloys were studied
with electrostatic levitation technique. Depending on the initial state
(either amorphous of liquid), different sequences of crystalline phase

formation have been observed. Analysis of the total pair distribution
functions revealed larger differences between the crystalline and parent
liquid phase for the alloys with relatively simple (cubic) phase nucle-
ating from the melt, comparing to those where complex crystalline
structures are formed. This is thought to indicate distinctions in crys-
tal nucleation and/or growth rates depending on alloy composition,
implying different mechanisms that govern glass formation in Cu-Zr
system.

MM 61.6 Thu 17:00 IFW A
Surface tension of liquid Al-Au alloys — •Gerhard Kolland
and Jürgen Brillo — Institut für Materialphysik im Weltraum,
Deutsches Zentrum für Luft- und Raumfahrt, Köln, Germany

Wire bonding of gold with conducting substrates such as aluminum is
a widely used industrial technique. To understand the formation of the
Al-Au interface, it is crucial to study the thermophysical properties of
the binary Al-Au system in the liquid state. We measured the surface
tension of liquid Al-Au alloys in a wide temperature and concentra-
tion range. The measurements have been performed containerlessly
by electromagnetic levitation using the oscillating-drop technique. We
compare the obtained experimental data with theoretical predictions
from the Butler- and multilayer model.

MM 62: Topical session: X-ray and neutron scattering in materials science IV - High Energy
Single Grain Diffraction

Time: Thursday 17:30–18:45 Location: BAR 205

Topical Talk MM 62.1 Thu 17:30 BAR 205
High Energy Single Grain Diffraction — •Ulrich Lienert —
Deutsches Elektronen-Synchrotron, Hamburg, Germany

Over the last decade methodologies have been developed that enable
the assignment of diffraction spots from multigrain diffraction patterns
to individual grains. High energy synchrotron radiation has been em-
ployed for the investigation of polycrystalline bulk materials during
thermo-mechanical processing. From an experimental point of view,
the techniques can be classified according to the sample-to-detector
distance which governs the real and reciprocal space coverage and res-
olutions. The grain boundary topology and orientation gradients have
been evaluated from diffraction patterns observed in close proximity
to the sample. Large area detectors positioned further away from the
sample can still capture several complete diffraction rings and com-
plete lattice strain tensors, center-of-mass grain positions, and volumes
have been evaluated. Finally, area detectors have been placed very far
behind the sample increasing reciprocal space resolution on cost of
coverage. The formation and evolution of subgrain structure has been
observed and radial peak profiles have been analyzed in terms of inter-
and intra-subgrain strains. The basic principles will be reviewed and
selected case studies will be presented.

MM 62.2 Thu 18:00 BAR 205
In situ investigation of phase transformations in friction stir
welded steels using high-energy X-ray diffraction — •Malte
Blankenburg, Peter Staron, Andreas Stark, Torben Fischer,
Norbert Schell, Jakob Hilgert, Luciano Bergmann, Jorge F.
dos Santos, Norbert Huber, Andreas Schreyer, and Martin
Müller — Helmholtz-Zentrum Geesthacht, Institute of Materials Re-
search, Max-Planck-Straße 1, 21502 Geesthacht, Germany

Thermo-mechanical treatments of engineering metallic materials yield
non-equilibrium microstructures, which influence important mechan-
ical properties. An example is friction stir welding as a solid state
joining process. Occurring non-equilibrium phases potentially reduce
strength and toughness of a joint and are thus important to be studied.
The intermediate stages of phase transformations in steels during the
joining process can only be registered by in situ experiments. There-
fore, in situ diffraction measurements using a transportable friction
stir welding system (FlexiStir) were performed at the HZG high-energy
material science beamline (HEMS) at DESY. Additionally, the phase
transformations occurring in the steels used for friction stir welding
were studied using a dilatometer in the synchrotron beam. With a
fast area detector, time-resolved measurements with image rates up to
10 Hz were possible for both setups. The results on the phase con-
tent as a function of time obtained from the diffraction data in com-

bination with the dilatometer signal improves the understanding of
the processes occurring during friction stir welding of the investigated
steels.

MM 62.3 Thu 18:15 BAR 205
Diffusion brazing of γ-TiAl alloys: Investigations of the joint
by electron microscopy and XRD — •Katja Hauschildt, An-
dreas Stark, Uwe Lorenz, Norbert Schell, Florian Pyczak,
and Martin Müller — Helmholtz-Zentrum Geesthacht, Institut für
Werkstoffforschung, Geesthacht, Deutschland

Diffusion brazing is a potential method to repair parts made from
TiAl-alloys. In this work the phase constituent and microstructure
of the brazed zone for Ni- and Fe-based braze alloys are investigated.
For this scanning electron microscopy including energy dispersive X-
ray and electron backscattered diffraction were employed. In addition
the distribution of phases and changes in lattice parameters in the
brazed zone were identified by diffraction with high energy X-rays at
the DESY synchrotron in Hamburg, Germany. The braze zone itself
is composed of two to three transitional layers reassembling the phase
constitution of a TiAl-alloy near the substrate and a microstructure
similar to α/β-titanium alloys in the middle of the joint. Besides γ, α2

and ω, additional phases, which are related to the presence of nickel
or iron are also found. The brazed zone microstructure changes signif-
icantly during heat treatment, showing that the as-brazed state is far
from thermodynamical equilibrium.

MM 62.4 Thu 18:30 BAR 205
Strain profile of magnetoelectric interfaces studied by X-
ray diffraction methods — •Madjid Abes1, Christian Koops1,
Stjepan Hrkac1, Adrian Petraru2, Hermann Kohlstedt2, Brid-
get Murphy1, and Olaf Magnussen1 — 1Institut für experimentelle
und angewandte Physik, CAU Kiel, Germany — 2Institute of Electri-
cal and Information Engineering Nanoelectronic, CAU Kiel, Germany

Understanding the coupling at the interface between piezoelectric (PE)
and magnetostrictive (MS) components in magnetoelectric (ME) com-
posites is essential for the optimization of these composites for sensor
applications. A large ME response is only obtained if the lattice defor-
mation induced by an external magnetic field in the MS material can
be transferred efficiently to the PE material. To study the coupling at
the buried ME composite interface we measured the lattice deforma-
tion in PbZr0.52Ti0.48O3 (PZT)/ CoFe2O4 (CFO) composites. These
in situ grazing incidence [1] and high resolution X-ray diffraction were
carried out in an applied magnetic or electric field. Surprisingly, the
coupling between the components is not perfect for these epitaxial
composite systems. We attribute to this to additional strain relax-
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ation at grain boundaries reducing the strain transfer at the interface
between the crystal lattices of both components. The authors thank
the DFG SFB 855 for financial support.

[1] M. Abes et al., Appl. Phys. Lett., 102, 011601 (2013)

MM 63: Invited Talk (Hauptvortrag) Paris

Time: Friday 9:30–10:00 Location: BAR 205

Invited Talk MM 63.1 Fri 9:30 BAR 205
Water induced deformation of nanoporous materials —
•Oskar Paris — Institute of Physics, Montanuniversitaet Leoben,
Austria

The actuation of solid materials by water is ubiquitous in everyday
life, ranging for instance from humidity driven movement of plants to
frost damage in roads and buildings. In many - although by far not
all - scenarios, the basic mechanisms are governed by the adsorption,
condensation, or freezing of water within narrow, often nanoscale pores
within the material.

We use nanoporous silica-based materials with cylindrical pores on
highly ordered hexagonal pore lattices as model systems to assess the

material deformation quantitatively. The nanoscale deformation can
be monitored in-situ by measuring the pore lattice strain with X-ray
diffraction as a function of pressure or temperature. The basic mech-
anisms of deformation due to condensation or freezing of water in
the nanopores can be well understood by fundamental thermodynamic
principles [1], although many details are still a matter of debate.

Beyond the understanding of the underlying mechanisms, we deposit
nanoporous thin films on non-porous thin substrates. By this, simple
humidity-actuated micro-devices based on bilayer structures can fab-
ricated and their performance can be studied.

[1] M. Erko, D. Wallacher, and O. Paris: Deformation mechanism
of nanoporous materials upon water freezing and melting. Applied
Physics Letters 101 (2012), 181905.

MM 64: Topical session: X-ray and neutron scattering in materials science V - X-ray
Nanodiffraction Characterization of Inhomogeneous Structural and Mechanical Properties of

Thin Films

Time: Friday 10:15–11:30 Location: BAR 205

Topical Talk MM 64.1 Fri 10:15 BAR 205
X-ray Nanodiffraction Characterization of Inhomogeneous
Structural and Mechanical Properties of Thin Films —
•Jozef Keckes — Department of Materials Physics, Montanuniver-
sität Leoben, 8700 Leoben, Austria

Nanocrystalline and nanostructured thin films with grain size below
100nm exhibit typically inhomogeneous depth gradients of microstruc-
ture, strain and physical properties varying at the nano-scale. Cur-
rently, however, it is not trivial to reveal how these gradients relate to
the macroscopic film behaviour. In this contribution, our recent results
from position-resolved cross-sectional X-ray nanodiffraction studies of
microstructure and strain in nanocrystalline films performed using
monochromatic beams with diameters down to 50nm will be presented.
On the examples of hard nitride coatings and metallic thin films, it will
be demonstrated that the newly developed approaches can be used to
analyse lateral- and thickness-dependent gradients of residual stress,
crystallographic texture, phases and grain size with sub-micron res-
olution. Additionally, results from mechanical tests obtained from
bending experiments on micro-cantilevers will be used to illustrate
variability and anisotropy of mechanical properties in nanocrystalline
coatings.

MM 64.2 Fri 10:45 BAR 205
Local strain and magnetization studies in single magneto-
electric microcomposites — •Stjepan Hrkac1, Madjid Abes1,
Christian Koops1, Christina Krywka2,3, Martin Müller1,2,3,
Jeffrey McCord4, Sören Kaps4, Yogendra Mishra4, Rainer
Adelung4, Manfred Burghammer5, Olaf Magnussen1,3, and
Bridget Murphy1,3 — 1Institute for Experimental and Applied
Physics, University of Kiel, Germany — 2Institute of Materials
Research, Helmholtz Zentrum Geesthacht, Germany — 3Ruprecht
Haensel Laboratory, University of Kiel, Germany — 4Institute for Ma-
terials Science, University of Kiel, Germany — 5European Synchrotron
Radiation Facility, Grenoble, France

Magnetoelectric microcomposites are of interest for novel sensor ap-
plication. We combine magneto-optic Kerr effect microscopy and
nanofocus X-ray diffraction to map the local properties of ZnO micro-
rods coated with an amorphous (Fe90Co10)78Si12B10 layer. We follow
the magnetic domain behavior and lattice deformation upon applying
an external magnetic field. In addition to the expected field induced
strain, we observe a local magnetic induced strain in the 10−5 range
in the ZnO localized near the (Fe90Co10)78Si12B10 /ZnO interface 1.
Financial support via the German Science Foundation (DFG) SFB
855 is acknowledged.

1 S.B. Hrkac, M. Abes, C. T. Koops, C. Krywka, M. Müller, S. Kaps,
R. Adelung, J. McCord, E. Lage, E. Quandt, O. M. Magnussen, and
B. M. Murphy, Applied Physics Letters 103, 123111 (2013)

MM 64.3 Fri 11:00 BAR 205
Spider vibration sensor studied by X-ray scattering — •Maxim
Erko1, Friedrich G. Barth2, Peter Fratzl1, and Yael Politi1

— 1Max-Planck-Institut für Kolloid- und Grenzflächenforschung, Am
Mühlenberg 1, D-14476 Potsdam — 2Universität Wien. Althanstrasse
14, A-1090 Wien

Vibration sensors of spiders are known for their remarkable sensitivity
and specificity. They allow the detection and recognition of complex
environmental signals with relatively little down-stream processing by
the central nervous system. As a consequence of the material composi-
tion and the structural architecture of these cuticular strain detectors,
environmental signals are not merely collected, but are preferentially
filtered for those of biological relevance. We studied the relationship
between structure and function by applying X-ray microbeam scan-
ning diffraction to non-nervous cuticular structures transforming the
mechanical stimulus on its way to the sensory cells which innervate
the vibration sensor. Our results include quantitative maps of struc-
tural and compositional variations within the spider cuticle obtained
from X-ray scattering signals at wide and small angles (WAXS,SAXS),
respectively. The structural and compositional details of the organ
are then related to the mechanical properties measured by scanning
acoustic microscopy (SAM) and nanoindentation. The data allow us
to propose new details about the signal filtering mechanism of the spi-
der vibration sensor. Overall, this work unveils the working principle
of material-based vibration-filters in nature and can provide valuable
input for future applications in bio-inspired sensory technology.

MM 64.4 Fri 11:15 BAR 205
Investigation of the piezoelectric behaviour in bones on a
micrometer length scale — •D.C.F. Wieland1, D. Kluess2, E.
Mick2, C. Krywka1, R. Willumeit1, and R. Bader2 — 1Helmholtz-
Zentrum Geesthacht, Institut für Werkstoffforschung, Max-Planck-
Straße 1, 21502 Geesthacht, Germany — 2Universitätsmedizin Ros-
tock, Orthopädische Klinik und Poliklinik, 18057 Rostock, Germany

Electromagnetic stimulation is a clinical treatment for improving bone
healing e.g. in the femoral head in case of avascular necrosis. It is sup-
posed to be based on the principle of a reciprocal piezoelectric effect
in combination with piezoelectric properties of bone tissue. Therefore,
we have investigated the structure of bone at different applied voltages
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by means of micro diffraction at the nanofocus endstation of the P03.,
PETRA III, Germany. Slices of 150 *m thickness were cut from bovine
trabecular bone and placed between two clamps designed to apply AC
current on the sample. In order to extract the structure of the bone
matrix at different positions with high resolution, the samples were
scanned by a X-ray beam with the size of 1.5 *m. Each position was
scanned over an array of 30 x 30 points within an area of 45 x 45 *m.

To determine the effect of voltage applied at the bone samples, the
measurements were repeated at 0V, 5V and 10V. Our data hints that
the hydroxyapatite crystals in the bone matrix, which amount 65% of
the bone mass are subject to mechanical stress if the applied voltage is
increased from 0 to 10V. Furthermore, this effect depends strongly on
the orientation of collagen fibrils in the bone matrix. Other properties
of the hydroxyapatite like the orientation of the crystals are unaffected.

MM 65: Topical session: X-ray and neutron scattering in materials science VI - Which
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Topical Talk MM 65.1 Fri 11:45 BAR 205
Which orientations can we expect for elongated parti-
cles in self-confined systems? — •Ulla Vainio1, Thea
Schnoor2, Jürgen Markmann1,2, Ke Wang2, Karl Schulte2,
Jörg Weissmüller1,2, Erica Lilleodden1, Andreas Schreyer1,
and Martin Müller1 — 1Helmholtz-Zentrum Geesthacht —
2Technische Universität Hamburg-Harburg

Many new novel composite materials aim at orienting particles within
a matrix in a preferred direction. It is commonly known that orien-
tations of crystals in metals have a strong impact on the mechanical
properties of the metals, and we expect the same for nanocompos-
ite materials in which the orientation of particles is to a large extent
limited by self-confinement. An example of a self-confined system is
a carbon nanotube forest with its long cylindrical nanotubes growing
away from a substrate and creating a seemingly homogeneous array
of nanotubes with vertical alignment. Here we show that this vertical
alignment cannot be described accurately by any of the commonly used
distribution functions such as Gaussian or Lorentzian. Instead, the ori-
entation distribution was measured using small-angle X-ray scattering
(SAXS) and was fitted best by the generalized normal distribution,
which is an extension to the Gaussian and allows one more degree of
freedom. In another example we use small-angle neutron scattering
(SANS) to study the orientation of ligaments in a nanoporous gold
composite. In this case we observe the nanostructure after applying
compressive deformation and can follow the changes in the orientation
of the ligaments.

MM 65.2 Fri 12:15 BAR 205
In-situ Synchrotron Studies of Colloidal Crystallisation and
the Influence of the Nanocrystal Shape — •Rainer T.
Lechner1, Max Burian1, Christian Prehal1, Maksym Yarema2,3,
Heinz Amenitsch4, Wolfgang Heiss2, and Oskar Paris1 —
1Institute of Physics, Montanuniversiaet Leoben, 8700 Leoben, Aus-
tria — 2Institute of Semiconductor and Solid State Physics, JKU Linz,
4040 Linz, Austria — 3Integrated Systems Laboratory, ETH Zürich
J87, 8092 Zurich, Switzerland — 4Institute of Inorganic Chemistry,
TU Graz, 8010 Graz, Austria

Colloidal crystals using crystalline nanoparticles (NCs) as building
blocks offer the opportunity for designing artificial solids [1] with tai-
lored properties [2] used e.g. for nanoelectrodes [3]. The assembly of
colloidal crystals is not only influenced the by the NC-size, but also by
the shape of the individual NC.

We studied by in-situ SAXS/WAXS the template free self-assembled
colloidal crystallization by diffusion of a non-solvent into the colloidal
dispersion [1]. The SAXS patterns of the NC ensembles were recorded
below the NC-solvent/non-solvent interface at the SAXS beamline at
ELETTRA. Hence, we can follow the crystallization process in short
time steps as a function of the non-solvent concentration. Further-
more, we retrieved the mean particle shape of the NCs and could show
the influence of the elliptical and facetted shape on the super-crystal
structure.

[1] M. Yarema, et al., ACS Nano 6, (2012) [2] D.V. Talapin, MRS
Bull. 37, (2012) [3] M.Yarema, et al., JACS 132, (2010)

MM 65.3 Fri 12:30 BAR 205
Stabilization of ZnO nanoparticles - a SAXS/SANS study —
•Torben Schindler, Martin Schmiele, Tilo Schmutzler, Chris-
tine Bauer, Caroline Weis, and Tobias Unruh — Work group
nanomaterials characterization, Friedrich-Alexander University Erlan-
gen Nuremberg, Staudtstr.3, 91058 Erlangen

Research on semiconductor nanoparticles (NPs) is of highest impor-
tance as the properties of the NPs can be adjusted due to the quantum
size effect. For the integration in e.g. electronic devices or thin film
solar cells, stable and well-defined NPs have to be designed, and knowl-
edge about the nucleation and growth processes is crucial. The influ-
ence of surfactants is of highest importance as they have tremendous
effects on the size and stability of the nanoparticles during preparation
and storage, respectively.[1]

The influence of the stabilizer on the growth of zinc oxide nanopar-
ticles was investigated using small angle neutron and X-ray scattering
on the same sample. Only the use of both scattering techniques simul-
taneously allowed us to get detailed insight into the ripening process as
SAXS is sensitive to the ZnO core and SANS to the stabilizing acetate
shell. In this talk we will present the results from this combined ap-
proach to describe the ripening process not only by the changes of the
size of the nanoparticles but also by the changes within the stabilizing
layer which have a tremendous effect on the particle growth e.g. the
stop of the ripening at a certain size.

[1]D. Segets et al., ACS Nano, 2011, 5 (6), 4658

MM 65.4 Fri 12:45 BAR 205
Ultrananocrystalline diamond films studied using GISAXS/
GISANS — •Hadwig Sternschulte1, Isabella Staudinger1, Se-
bastian Simeth1, Alessandro Sepe1, Christine M. Papadakis1,
Jan Perlich2, Stephan V. Roth2, Jean-Francois Moulin3,
Slimane Ghodbane4, and Doris Steinmüller-Nethl4 — 1TU
München, Physik Department, Garching — 2DESY, Hamburg —
3Helmholtz-Zentrum Geesthacht, Garching — 4DiaCoating GmbH,
Innsbruck, Austria

Ultrananocrystalline diamond (UNCD) films are characterised by their
small grain size of less than 10nm and a smooth surface with RMS
values down to 10nm independent of the film thickness. The diamond
grains in round shapes embedded in an amorphous C:H matrix are
randomly oriented. Usually, UNCD films are studied by transmission
electron microscopy (TEM) to obtain information about the grain size
and the distance of the grains in the matrix. One disadvantage of TEM
on diamond is that a highly sophisticated preparation is needed. For
the first time we analysed UNCD films with grazing-incidence small-
angle X-ray [1] and neutron scattering (GISAXS/GISANS). For this
study UNCD films were grown on Si substrates by a modified hot fila-
ment technique using a CH4/H2 gas mixture. Prior to the deposition,
the substrates have been pre-treated by an ultrasonic bath with diluted
diamond powder. By data modelling and simulation we analyzed in
detail the GISAXS/GISANS maps. The results will be discussed in
comparison with TEM images with respect to growth processes. [1] H.
Sternschulte et al, Diamond Relat. Mater. 37 (2013) 68


